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In contemporary usage, the word abacus refers to
a computational device with beads sliding on
fixed rods, often associated with the Japanese or
Chinese. However, the word abacus has Latin
roots, suggesting a rich history in Western as
well as Eastern cultures.

The present-day abacus, called Suan Pan in
China, soroban in Japan, and schoty in Russia, is
still in use by shopkeepers throughout Asia and in
Chinatowns around the world. It works on a place
value or positional system of numeric notation,
similar to that of our familiar Hindu-Arabic
numerals. The number of beads on each rod repre-
sents the value of the digit in that place, with higher
place values to the left (or, on the schoty, above)
and lower place values to the right (or below).
Numeric values are read from left to right (or top
to bottom) similarly to the written numerals. For
example, the numeral 341 is represented by three
beads on the hundreds rod, four beads on the tens
rod, and one bead on the units rod.

On Chinese and Japanese models, the rods are
vertical, and the beads on these rods are divided
into two groups by a horizontal bar, which sepa-
rates the beads into a set of one or two beads above
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the bar and another set of four or five beads below
the bar. The beads above this horizontal bar are
valued at five times the beads below the bar. Thus,
for example, the number 756 is represented by
1 five-bead and 2 one-beads on the hundreds rod,
1 five-bead and no one-beads on the tens rod,
and 1 five-bead and 1 one-bead on the units rod.
To operate the abacus, first clear it by pushing all
the beads away from the horizontal bar, the beads
in the lower section are pushed down, while those
in the upper section are pushed up. This can be
done quickly by tilting the abacus slightly so that
all the beads slide down and then laying the abacus
on a flat horizontal surface and running the index
finger between the bar and beads in the upper
section, pushing them away from the bar. The
abacus is operated using the thumb and the index
finger to push beads toward or away from the bar
as values are added or subtracted. To add 341 +
756, first push the beads in place to represent
341, and then push additional beads in place to
represent 756. On the hundreds rod, there will be
3 one-beads plus 1 five-bead and 2 additional one-
beads; on the tens rod, there will be 4 one-beads
and 1 five-bead, and on the units rod, there will be
1 one-bead, 1-five bead, and 1 additional one-
bead. The result can be read as 10 hundreds,
9 tens, and 7 ones. In practice this is quickly
simplified by regrouping the beads to 1 thousand,
0 hundreds, 9 tens, and 7 ones, or simply 1097.
That is, whenever 5 one-beads are accumulated
below the bar they are exchanged for 1 five-bead
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above the bar, and whenever 2 five-beads are
accumulated above the bar, they are exchanged
for 1 one-bead in the next column to the left.

The Chinese Suan Pan, which is first men-
tioned in the literature in the twelfth century, tra-
ditionally has 2 five-beads and 5 one-beads on
each rod. So it is possible to accumulate a value
of 15 (2 five-beads plus 5 one-beads) on each rod
during the computation, and this must be simpli-
fied as described above before the result can be
read out. The Japanese soroban, developed in the
early 1930s, has shorter rods with 1 five-bead and
4 one-beads on each rod. With the soroban the
value on any rod cannot go above 9 (1 five-bead
plus 4 one-beads) so that simplifications must be
carried out continuously throughout the computa-
tion. Since each bead is moved through a shorter
distance, an experienced, skillful user can perform
computations more quickly on the soroban than
on the Suan Pan.

The Russian schoty, developed in the seven-
teenth century, has horizontal rods, with ten
beads on each rod. Numeric values are read
from top down, with each rod valued at 10 times
the value of the rod immediately below it. That is,
the hundreds rod is above the tens rod, which is
above the units rod. Calculating with the schoty
resembles  finger counting, each bead
representing one finger, or one unit in its respec-
tive place value. If you hold your hands out in
front of you with the palms away from you, your
two thumbs will be side-by-side, flanked by the
four fingers of each hand. Similarly, the two
middle beads on each rod of the schoty
representing the thumbs are in a contrasting
color to the two sets of four beads each on either
side. This makes it easier to see the values with-
out consciously counting the beads. To clear the
value on the schoty, the beads are all pushed to
the right. Beads are pushed to the left or right as
numbers are added or subtracted.

Archaeological evidence in the form of bead-
frame calculators as well as piles of small smooth
rounded stones, which could have been used as
counters for reckoning, suggests that in ancient
times (300 BCE to 500 AD), computations in the
marketplace throughout the Roman empire were
commonly worked out by casting stones (calculi)
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in the sand or on a specially marked counting
table (abax). Lines in the sand or on the table
top would mark off space for ones, tens, hun-
dreds, and so on. To make the values easier to
read, stones placed on the line between two
spaces would denote values halfway between
the lower-valued unit on the right and the
higher-valued unit on the left. For example,
a stone on the line between the ones and the
tens would be valued as five, and a stone on the
line between the tens and the hundreds would be
valued as fifty.

Roman numerals could have been used to eas-
ily record the results of computations done on
a Sand-Reckoner or counting table. The Roman
numerals I, X, C, and M represent stones in the
units, tens, hundreds, and thousands spaces,
respectively, while V, L, and D represent values
on the lines, 5, 50, and 500. On some surviving
counting tables, the Roman numerals I, X, C, and
M have been scratched onto the table top in the
appropriate spaces, making it a simple matter to
record the final result of the computation. The
Roman numeral CCVIII (represented by 208 in
Hindu-Arabic numerals) would be cast on the
counter-top using two stones in the hundreds
space, one stone on the line between the tens
and the units spaces, and three stones in the
units space. Similarly, the Roman numeral
DCXXVIIII (or 629) would be cast using one
stone on the line between the thousands and the
hundreds spaces, one stone in the hundreds
space, two stones in the fens space, one stone on
the line between the fens and the units spaces, and
four stones in units space. The use of a quasi-
positional subtractive principle in Roman
numerals — so that IIII is represented as IV and
VIII as IX — is a later development used only
sparingly in ancient and medieval times.

To add CCVIII + DCXXVIIII, the person
doing the calculating (probably a merchant)
would first cast stones representing CCVIII and
then the additional stones representing
DCXXVIIIL. These would be regrouped by
rearranging the stones in full view of the cus-
tomer first as D CC C XX VV III IIIT and then
simplified as D CCC XXX V 1II (or simply as
837 in our more familiar numerals).
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In the early fourteenth century, bankers and
merchants were still required by law to use
Roman numerals to record business transactions.
Since the Gutenberg printing press was not
invented until about 100 years later, the majority
of the population was illiterate (i.e., not taught to
read the printed word). Recording the result of the
previous example, DCCCXXXVII, in Roman
numerals requires ten symbols, one symbol on
the paper for each stone on the counting table.
Recording the same result using Hindu-Arabic
numerals would require only three symbols.
Zero was a difficult concept, one that was not
easily adopted. The Hindu-Arabic numeral
500 requires three digits, but would be
represented by a single stone on the abacus and
by the single letter D using Roman numerals.
Although the idea of zero as a placeholder was
sometimes understood in medieval times, it sim-
ply was not needed in doing computations using
an abacus. If results were recorded using Roman
numerals, the clear correspondence between the
stones on the counting table and the symbols on
the paper was readily apparent. Thus, using
Roman numerals, the customer would be assured
that the merchant or banker was accurately
recording the result of the transaction.

The Roman bead-frame calculators found at
some archaeological sites are small enough to be
held in one hand and have a design similar to the
Chinese Suan Pan. This evidence suggests that
the abacus was taken from Western Europe to
the East by Christian migrations. In the late
fourth century, Arabs brought the concept of
a numeral for zero to the West from the Hindus
in India.
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Abortion

Malcolm Potts

Abortion, along with circumcision, is amongst
the oldest operations known to human kind.
While abortion meets an extraordinarily impor-
tant need of the individual, society commonly
treats it differently from other aspects of medical
science. Usually, there is little honor to be gained
by improving abortion technologies.
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The explanations and beliefs different cultures
develop concerning the origin and maturation of
pregnancy help determine attitudes to abortion.
The Qu’ran, for example, describes pregnancy as
a process of increasing complexity progressing
from, “a drop of seed, in a safe lodging, firmly
affixed” to a “lump” with “bones, clothed with
flesh”, and some Islamic theologians permit abor-
tion early in pregnancy. Most abortions are
performed because the woman feels she cannot
support the child if born, although unmarried
women, especially in non-Western traditional
societies, may abort for fear of punishment.
In the ancient Ugandan royal household, abortion
was carried out on princesses so as not to divide
the kingdom.

Abortion is known in practically all cultures
from preliterate societies to the most industrial-
ized. Abortionists are often also traditional birth
attendants or medicine men. A spectrum of tech-
niques is used which differ in their complexity
and in their consequences, and which are greatly
influenced by the stage of pregnancy when the
procedure is carried out. In non-Western societies
most techniques fall into one of three categories:
herbal remedies, abdominal massage, and the
insertion of foreign bodies into the uterine cavity.

In many contemporary non-Western cultures a
variety of brews and potions are concocted to
bring on a late menstrual period. Such methods
were also widely sold in Western cultures until
the reform of the abortion law. The open sale of
emmenogogues (medicines to bring on a late
period) in Manila, Lima, or Dacca today finds a
close parallel in Boston in the nineteenth century
United States, or Birmingham, England in the
middle of this century. The » Jamu remedies
sold every day in Indonesia include a number of
emmenogoges. The use of a tea brewed with the
spiny nettle (Urtica magellanica) by the Aymara
Indians of Bolivia living near Lake Titicaca and
the juice of hibiscus leaves (Abelomschus
diversifolius) in the Pacific islands are two exam-
ples from among many herbal remedies in prelit-
erate societies.

The use for abortifacient medications is usu-
ally limited to the first 6 or 8 weeks after the last
menstrual period. Many do not work, but rely on
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the fact that spontaneous abortion is common and
will often be ascribed to a traditional remedy
when one has been used. Others are physiologi-
cally active, either on uterine muscle or the
embryo, although they often need to be used in
doses that may be toxic to the woman. In the
1970s and 1980s the Human Reproduction Pro-
gram of the World Health Organization tested a
number of such abortifacients from around the
world, and at least one, from Mexico, underwent
preliminary screening by a pharmaceutical com-
pany. The time of collection, the method of prep-
aration, and details of use may all be critically
important in determining the outcome. An alter-
native technique for studying traditional aborti-
facients was developed by Moira Gallen in the
Philippines, who worked with vendors of tradi-
tional abortifacients and then followed up the
women who used them. The data suggest some
herbal remedies do indeed bring on a late period.
An amalgamation of Western and non-West-
ern cultures has taken place in Brazil where the
Western drug Cytotec, an oral form of prosta-
glandin, is sold illicitly to women with an
unintended pregnancy. It is estimated there are
one to four million illegally induced abortions in
Brazil each year, and each woman has one to
three abortions in a lifetime. Cytotec produces
bleeding from the uterus which, although it does
not always lead to abortion, is usually sufficient
to take the woman to the hospital, where the
abortion is invariably completed in the operating
theater. It is relatively safe but can be very pain-
ful. Until restrictions were placed on sales in
1991, 50,000 packets a month were being sold.
The second set of abortion technologies, with
a history stretching back to preliterate societies,
involves physical trauma to the woman’s body.
Many cultures associate falls and physical vio-
lence with abortion, as did the ancient Hebrews
(Bible: Exodus 21: 22). The oldest visual repre-
sentation of an abortion anywhere in the world is
on a bas relief in the great temples of Ankor Wat
built by King Suryavarman II (AD 1130-1150).
Massage abortion remains common from Burma,
through Thailand and Malaysia to the Philippines
and Indonesia. Traditional birth attendants use
their hands, elbows, bare feet, or a wooden mallet
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(as portrayed on the Ankor reliefs) to pound the
uterus and terminate an unwanted pregnancy.
Operators begin by asking the woman to empty
her bladder and then try to draw the uterus from
beneath the pubic bone so they can apply pressure
to the abdominal wall. Sometimes these proce-
dures lead to vaginal bleeding and abortion with
relative ease; on other occasions the pain may be
so severe that the operator has to stop and return
some other time. A study in Thailand estimated
that 250,000 such massage abortions take place in
the villages of Thailand each year. Gynecologists
in Malaysia have described how women are
sometimes admitted to hospital for what appear
to be the symptoms of appendicitis, with fever
and rigidity of their abdominal muscles; when the
abdomen is open, the uterus is found to be so
bruised and damaged that it may be necessary to
do a hysterectomy.

This specialized technique, which has to be
learnt from generation to generation, is largely
limited to Southeast Asia, although the American
Indian Crows and Assiniboines used a board, on
which two women jumped, placed across the
abdomen of a recumbent pregnant woman, and
Queensland native Australians used a thick twine
wound around the abdomen combined with
“punching” the abdominal wall.

The third types of abortion techniques are the
most common and are found in all continents.
They involve passing a foreign body through the
uterine cervix in order to dislodge the placenta
and cause an abortion. In traditional societies a
twig or root may be used and it may take a day or
more for the procedure to work. The major risks
are infection and hemorrhage. The Smith Sound
Inuit used the thinned down rib of a seal with the
point cased in a protective cover of tanned seal
skin, which could be withdrawn by a thread when
the instrument had been inserted into the uterus.
The Fijians fashioned a similar instrument from
losilosi wood, but without the protective cover
for insertion, and the Hawaiians used a wooden
dagger-shaped object up to 22 cm long which was
perceived as an idol Kapo. In contemporary Latin
America and much of urban Africa, the
commonest method of inducing abortion is to
pass soft urinary catheters, or sonda, such as

those used by doctors when men have enlarged
prostates. Such catheters are readily available,
although traditional abortions do not always use
adequate sterile techniques and, even under the
best of conditions, leaving such a catheter in
place can be associated with infection.

Epidemiological studies show beyond all
doubt that the safest way of inducing first trimes-
ter abortion is through the use of vacuum aspira-
tion, and most legal abortions in the Western
world are done using this technique. A small
tube, varying in diameter from something slightly
larger than a drinking straw to about 1 cm, is
passed through the cervix, and attached to a vac-
uum pump. In the first 3 months of pregnancy
such a procedure generally takes about 5 min and
is commonly done as an out patient procedure
under local anesthesia.

Vacuum aspiration abortion was described in
nineteenth century Scotland, but the technique
used today was invented in China sometime in
the 1950s by Wu and Wu. The method spread
across certain parts of the Soviet Union and into
Czechoslovakia and some other areas of Eastern
Europe. In the 1960s a nonmedically qualified
practitioner from California called Harvey
Karman invented a piece of handheld vacuum
aspiration equipment. Karman got the idea from
descriptions of procedure performed in China,
Russia, and Eastern Europe, and the flow of
ideas has gone full circle with the syringe equip-
ment now being widely used in many non-West-
ern countries, such as Bangladesh, Vietnam, and
Sri Lanka.

In the Ankor reliefs the women having abor-
tions are surrounded by the flames of hell.
Although abortion was disapproved of in the
East, it was still considered a crime against the
family, not against the state as it is commonly
perceived in the West. Abortion before the felt
fetal movements was legal in Britain and all
states of the United States in 1800 and illegal in
those same places by 1900. With the expansion of
colonialism, Western abortion laws were
imposed upon all colonized nations of the Third
World. The nations of the then British Empire
either adopted a form of the 1861 Offenses
Against the Person Act of Queen Victoria’s



England or a version of the Indian penal code.
French colonies enacted the code of Napoleon
and even countries that were not colonized, such
as Thailand and Japan, adopted some form of
restrictive abortion legislation in the nineteenth
century derived from Western statutes.

The second half of the twentieth century has
seen a reversal of many restrictive laws. The
majority of the world’s population now lives in
countries which have access to safe abortion on
request. The technologies used all over the world
owe a great deal to non-Western philosophies and
inventiveness.

See Also
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Abraham Bar Hiyya (Savasorda)

Tony Lévy

Abraham bar hiyya, also called Savasorda
(latinized from the Arabic sahib al-
shurta = Chief of the guard), flourished in Barce-
lona, in Christian Spain, but was probablyeducated
in the kingdom (ta’ifa) of Saragossa, during the

Abraham Bar Hiyya (Savasorda)

period in which it was ruled by the Arabic dynasty
of the Banti Hud. Thus his scientific education
could be related to the well known scientific talents
of some of the Banii Hud kings.

Having mastered the Arabic language and
culture, he was a pioneer in the use of the Hebrew
language in various fields. He wrote on philoso-
phy, ethics, astronomy, astrology, mathematics,
and calendrial calculations. He clearly indicated
that his Hebrew compositions were written for
Jews living in southern France, who were
unacquainted with Arabic culture and unable to
read Arabic texts.

Two mathematical compositions by Abraham
Bar hiyya, and four astronomical ones are known.

Yesodey ha-tevuna u-migdal ha-emuna (The
Foundations of Science and the Tower of the
Faith) was supposed to be a scientific encyclope-
dia, of which only the mathematical sections sur-
vived. Presumably an adaptation from some
unknown Arabic composition, it dealt with basic
definitions and knowledge in arithmetic, geome-
try, and optics.

hibbur ha-meshiha we ha-ishboret (The
Composition on Geometrical Measures) dealt
with practical geometry. This book enjoyed a
very large diffusion in medieval Europe in its
Latin version, the Liber embadorum, translated
by Plato of Tivoli (1145), who was assisted by
the author himself. The importance of this text
for the development of practical geometry in
Europe has been noted by ancient and modern
scholars.

Seferssurat ha-ares we-tavnit kaddurey ha-
raqi 'a (Book on the Form of the Earth and the
Figure of Celestial Spheres), together with
heshbon mahalakhot ha-kokhavim (Calculations
of the Courses of the Stars) and The Luhot (The
Astronomical Tables), offered a basic astronom-
ical knowledge founded on Arabic sources such
as the works of » al-Farghani and » al-Battani.

Sefer ha-’Ibbur (The Book of Intercalation)
dealt with calendrial calculations and aimed “to
enable the Jews to observe the Holy Days on the
correct dates.”

Bar hiyya can rightly be considered the
founder of Hebrew scientific culture and
language.
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Abraham Ibn Ezra

Samuel S. Kottek

Abraham Ibn Ezra was born in Toledo, Spain in
1089. In his youth, he studied all the branches of
knowledge that Arabic and Jewish gifted (and
well to do) youngsters could master, and was
mainly known as a poet. Around 1140, he left
Spain and wandered through Italy, southern
France, and England. Also, legend says that in
his old age he traveled to the Holy Land. During
his itinerant life, Ibn Ezra met scores of scholars
and wrote a number of works, of which his
commentary on the Pentateuch and the Prophets
in the most widely known.

He was a real polymath, who wrote on
Hebrew philology (Moznei Leshon ha-Kodesh),
translated several works on grammar from
Arabic into Hebrew, and wrote on the calendar,
mathematics (Sefer ha-Mispar, Book of the
Number), and philosophy and ethics (Yesod
Mora on the meaning of the commandments).
He is considered one of the Jewish Neoplato-
nists, in particular regarding his description of
the soul. In his view, intellectual perfection is the
only way to enjoy a relationship with the divine
Providence. As a scientist, Ibn Ezra (also known
by the name of Avenezra, sometimes misspelled
Avenaris) is mainly known for his works on
astronomy (Sefer ha-‘Ibbur: Ta’ amei ha-Luhot,
Book on Intercalation) and for his treatise on
mathematics mentioned above. He also com-
posed a number of brief astrological works,
most of them still unpublished. It is not known
whether Ibn Ezra ever practiced medicine. He
certainly showed in his biblical commentary a
fair degree of knowledge in medicine and
biology.

It has been said that Ibn Ezra wrote over
100 works, which seems rather exaggerated; cer-
tainly many fewer have survived. Ibn Ezra was
the Paracelsian type of scholar, learning from
each new experience, from each encounter with
other scholars, living a simple life and despising
wealth. It is particularly striking that he wrote
only in Hebrew, contrary to nearly all his con-
temporaries in Spain who wrote in Arabic. This
is mainly due to the fact that he wandered
throughout Europe and North Africa, using the
language that was common to all his coreligion-
ists. He may be considered an ambassador of
Spanish scholarship to the Jewish Diaspora at
large. He died in 1164.
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Abu ‘I-Barakat

Y. Tzvi Langermann

Abii al-Barakat al-Baghdadi (d. 1164 or 1165)
was one of the most original thinkers of the medi-
eval period. Born a Jew in about 1080, but

Abu ‘I-Barakat

converted late in life to Islam, Abu ‘l-Barakat
was a prominent physician and natural philoso-
pher who achieved considerable fame during his
own lifetime, as his appellation awhad al-zaman
(Unique of His Age) attests. His numerous
insights into physics and metaphysics have been
elucidated by the late Shlomo Pines in a number
of brilliant studies, on which this résumé depends
in large measure.

Abu ‘1-Barakat’s contributions are all contained
in his chef d’ceuvre, al-Mu‘tabar (That Which has
been Attained by Reflection). Although there may
be some doctrinal discrepancies between various
passages in the book, which may be due to the fact
that the work is actually a collection of notes
compiled over a considerable period of time,
each section by itself displays a very clear and
systematic exposition, surveying earlier opinions
on the subject, objections to these, and possible
answers to the objections (including the occasional
concession that the objection is valid and necessi-
tates a revision of the original idea), followed by
Abii ‘l-Barakat’s own opinion. Abl ‘l-Barakat
exhibits a remarkable ability to disentangle issues
that had become densely intertwined through cen-
turies of debate, for example the three notions of
time, space, and the infinite. Particularly signifi-
cant are the occasions when the author gives great,
occasionally decisive, weight to “common opin-
ion,” on the grounds that the issues at hand — the
notions of time and space are the most important to
fall into this group — involve a priori concepts
which must be elucidated by examining how peo-
ple actually perceive, rather than a posteriori aca-
demic analysis.

Some of the ideas which Abii ‘l-Barakat
advances in the course of his discussions prefig-
ure much later notions which proved to be cor-
rect: for example, the idea that a constant velocity
applied to a moving body causes it to accelerate.
Others, by contrast, showed themselves to be
wrong: for instance, the idea that every type of
body has a characteristic velocity which reaches
its maximum when the resistance is zero. (In this
way, Abu ‘lI-Barakat answers the objection
that bodies moving in a vacuum would have
an infinite velocity.) All in all, the work of Abu
‘l-Barakat and its continuation by his student
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Fakhr al-Din » al-Razi constituted a most serious
challenge to the formulations of Ibn S1na, which
then dominated physical and metaphysical
thought in Near East.

All that we possess in the way of medical
writings by Abi ‘l-Barakat are a few prescrip-
tions for remedies. These remain in manuscript
and are as yet unstudied.

See Also
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Abu Ja‘far al-Khazin

Jan P. Hogendijk

Abii Ja‘far Muhammad ibn al-husay al-Khazin
was a mathematician and astronomer who lived
in the early tenth century AD in Khorasan. Until
recently, it was believed that there were two
different mathematicians in the same period,
namely Abu Ja‘far al-Khazin and Abiu Ja‘far
Muhammad ibn al-husayn, but in 1978 Anbouba
and Sezgin showed that they are the same person.

In mathematics, Abii Ja'far al-Khazin is mainly
known because he was the first to realize that a
cubic equation could be solved geometrically by
means of conic sections. » Al-Mahant (ca. AD
850) had shown that an auxiliary problem in
Archimedes’ On the Sphere and Cylinder 11:

4, which Archimedes had left unsolved, could be
reduced to a cubic equation of the form
x® + ¢ = ax’. Abii Ja“far knew the commentary
to Archimedes’ work by Eutocius of Ascalon (fifth
century AD), in which Eutocius discusses a solu-
tion of the same auxiliary problem by means of
conic sections. Abt Ja*far drew the conclusion that
the equation x> + ¢ = ax? could also be solved by
means of conic sections. Abii Ja‘far also studied a
number of other mathematical problems. He stated
that the equation x* +y* =z* did not have a
solution in positive integers, but he was unable to
give a correct proof. He also worked on the
isoperimetric problem, and he wrote a commen-
tary to Book X of Euclid’s Elements.

In astronomy, Abt Ja‘far’s main work was the

Zij alsaf@’ih (the Astronomical Handbook of
Plates). A manuscript of this work has recently
been discovered in Srinagar. The work deals with
a strange variant of the astrolabe. One such instru-
ment, made in the twelfth century, was still extant
in the beginning of this century in Germany, but it
has since disappeared. Photographs of this instru-
ment have been published by David King. Abii
Ja*far developed a homocentric solar model, in
which the sun moves in a circle with the earth as
its center, in such a way that its motion is uniform
with respect to a point which does not coincide
with the center of the earth.

See Also
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Abu Kamil

Jacques Sesiano

Abi Kamil, Shuja‘ ibn Aslam (ca. 850—ca. 930),
also known as “the Egyptian Reckoner” (al-hdasib
al-misri) was, according to the encyclopedist Ibn
Khaldiin’s report on algebra in his Mugaddima,
chronologically the second greatest algebraist
after » al-Khwarizmi. He was certainly one of
the most influential. The peak of his activity
seems to have been at the end of the ninth century.

Although at the beginning of his Kitab f 1’I-
jabr wa’l-muqabala (Algebra) he refers to
al-Khwarizm1’s similar work, Ab@i Kamil’s pur-
pose is radically different, for he is addressing an
audience of mathematicians presumed to have a
thorough knowledge of Euclid’s Elements. His
Algebra consists of four main parts.

1. Like his predecessor, Abii Kamil begins by
explaining how to solve the six standard equa-
tions and to deal with algebraic expressions
involving an unknown and square roots. The
next section (Book II) contains, as in his pre-
decessor’s work, six examples of problems
and the resolutions of various questions, but
the whole is notably more elaborate and
geometrical illustrations or proofs are system-
atically appended. With Book III comes a
difference, already hinted at in the introduc-
tion to the treatise: the problems now contain
quadratic irrationalities, both as solutions and
coefficients, and require notable proficiency in
computing. Quadratic irrationalities may thus
be said to enter definitely the domain of math-
ematics and no longer be confined to their
Euclidean representation as line segments.

2. These extensions found in Book III are put to
immediate use in the resolutions of problems
involving polygons in which the link between
their sides and the radii of a circumscribed
circle is reducible to a quadratic equation —
since they are all constructible by ruler and
compass.

Aba Kamil

3. The subsequent set of quadratic indeterminate
equations and systems is most interesting. The
methods presented are similar to those of
Diophantus’s Arithmetica, but there are new
cases and the problems are presented in a less
particular form. Abt Kamil surely relied on
some Greek material unknown to us.

4. A set of problems which are, broadly speak-
ing, applications of algebra to daily life are
directly appended to the former. Some of
these, which correspond to highly unrealistic
situations, belong more to recreational mathe-
matics. The inclusion of such problems in an
algebraic textbook was to become a medieval
custom, with both mathematical and didacti-
cal motives. The Algebra ends with the classi-
cal problem of summing the successive
powers of 2, which, from the ninth century
on, became attached to the 64 cells of the
chessboard.

Abt Kamil’s Arabic text is preserved by a
single, but excellent, manuscript. The Algebra
was commented upon several times, in particular
in Spain, and the first large mathematical book of
Christendom, Johannes Hispalensis’s Liber
mahameleth, is basically a development and
improvement of parts a and d. Despite the Alge-
bra’s importance in Spain, no Latin translation
was undertaken until the fourteenth century,
when Guillelmus (presumably: de Lunis) trans-
lated half of it (up to the beginning of part c¢). This
translation is better than Mordekhai Finzi’s fif-
teenth century Hebrew one, which, however,
covers the whole work. Since these translations
were late, Abt Kamil had no direct influence in
the Christian West. Similar material, however,
may be found in writings of Leonardo
(Fibonacci) of Pisa (fl. 1220).

Abu Kamil also wrote Kitab al-tair (Book of
the Birds), a small treatise consisting of an intro-
duction and six problems all dealing with the
purchase of different kinds of birds, of which
one knows the price per unit, the total number
bought and the amount spent (both taken to be
100). Since there are more unknown kinds (three
to five) than equations, these linear problems are
all indeterminate. Abii Kamil undertook to
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determine their number of (positive integral)
solutions, which he found to be, respectively,
1, 6, 96 (correct: 98), 304, 0, 2676 (correct:
2,678). Although such problems are frequently
met in the medieval world, Abti Kamil remained
seemingly unparalleled in his search for all solu-
tions in various cases.

Kitab al-misaha wa’l-handasa, or Kitab
misahat al-aradin (On Measurement and Geom-
etry) is an elementary treatise on calculating sur-
faces and volumes of common geometrical figures.
Since it is meant for beginners, demonstrations and
algebra are left out. Why Abi Kamil found it nec-
essary to write such an elementary book becomes
clear when he describes some of the formulas then
in use by official land surveyors in Egypt.

Finally, Kitab al-wasayabi’l-judir or Kitab
al-wasayabi’ l-jabr wa’l-mugabala (Estate Shar-
ing Using Unknowns, or Using Algebra) applies
mathematics to inheritance problems. Abii Kamil
begins by explaining the requirements of the
Muslim laws of inheritance and discussing the
opinions of known jurists.

Bibliographic sources inform us that Abi
Kamil also wrote another treatise on algebra,
and a further one on the rule of false position.

Note that two of the subjects included by

al-Khwarizm1 in his Algebra were treated by
Abii Kamil in separate works. From that time
onward, algebra textbooks adopted the same
form as his.
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Abu Ma‘shar

Richard Lemay

Arabic sources such as the Kitab al-Fihrist give
the date of Abl Ma‘shar al-Balki’s death as
273 of the Hegira, which is AD 886, stating that
he was over 100-years old. Since he was of Per-
sian (Afghan) origin these may well be solar
years rather than the lunar years of the Muslim
calendar. Therefore his age at his death could
have been reckoned as “over” 100 years if
counted in lunar years in Muslim fashion, or
else as 100 solar years. David Pingree claimed
to have found the exact date of his birth to be
August 10, 787 in a natal horoscope in Abi
Ma‘shar’s Nativities. The trouble with this calcu-
lation is that Abti Ma‘shar himself, in
Mudhakarat (Recollections), lamented the fact
that he did not know the exact date of his birth
and had to rely therefore on a “universal” horo-
scope he had drawn up. The Mudhakarat then
supplies the basic elements of this universal horo-
scope. Matching these data with Pingree’s, it is
probably safe to consider the year 171 H/AD
787 as his birth date.

Abti Ma‘shar, known in the West as
Albumasar, was born in Balkhi in Khurasan,
actually Afghanistan, and seems to have lived
there and acquired a reputation as an astrologer
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much before he came to settle in Baghdad during
the reign of the Caliph » al-Ma’'miin (813-833),
shortly after 820. He lived in Iraq until the end of
his life in 886. He must have traveled, at least
up and down the Tigris, since in the Mudhakarat
he is shown refusing to embark on the stormy
waters of the Tigris. He died in Wasit, a city
situated in the Sawad, midway between Baghdad
and Basra.

Abt Ma‘shar’s early years are clouded in con-
fusion because of an error committed by the ear-
liest and most important Arab bibliographer, Ibn
al-Nadim (1970), in his Kitab al-Fihrist. Writing
in the late tenth century, nearly a century after
Abtl Ma‘shar’s death, al-Nadim (d. ca. AD 987)
apparently confused Abii Ma‘shar the astrologer
from Balkh with another Abti Ma‘shar, called
an-Najth, who lived in Medina but died in Bagh-
dad AD 787, the year of Abii Ma‘shar’s birth.

Once settled in Baghdad, where he spent the
remaining 60 years of his life, Abii Ma‘shar
seems to have been involved in its cultural activ-
ity, but also in its tumultuous civic life at a time
when “nationalisms” in the form of the Shu‘abiya
(non-Arabs) were raising their aspirations to cul-
tural parity with the dominant Arabs. Abi
Ma‘shar’s reputation as an astrologer, his newly
found friendship with » al-Kindi, and the credit
he gained through astrological predictions
assessing the power of rulers must have opened
for him the doors of the political and learned elite
of Baghdad. Al-Nadim relates an episode in
which Abt Ma‘shar was punished with lashes
by the Caliph for a realistic prediction that the
Caliph disliked. Both Abt Ma‘shar and al-Kindi,
using an intricate system of astral conjunctions
inherited from the Sassanian tradition, attempted
to anticipate the duration of the Arab rule. In his
Risala (Epistle) on the duration of the rule of
Islam, al-Kind1 tried to comfort the ruling Caliph
by giving the Arab rule a minimum span of some
693 years, longer than Abli Ma‘shar’s prediction.
In fact Abli Ma‘shar gives a total of 693 years,
just as al-Kindi did. Still, in combination with the
parallel scheme of the two maleficent planets
Saturn and Mars affecting the meaning of the
conjunctions of Saturn and Jupiter, Abi Ma‘shar
tended to reduce the duration to some 310 or

Abu Ma‘shar

330 years only, which would bring the end of
Arab rule closer, thus encouraging the aspirations
of the shu‘iibiyya.

The Muddakarat of Abu Sa‘ld further tell us
that, along with other astrologers, Abi Ma‘shar
accompanied the army of al-Muwaffaq in its
campaign against the rebellious Zanj. Astrolo-
gers were used by both sides during these civic
troubles. Abii Ma‘shar’s credit as an astrologer
served him in these circumstances, for he may
have been consulted by both sides in the Rebel-
lion. At any rate he died in the city of Wasit, south
of Baghdad, a city which had seen the farthest
advance of the rebellious Zanj army and had been
reconquered only shortly before by al-Muwaffaq.

The Fihrist credits AbG Ma‘shar with
36 works, to which David Pingree adds six
more. The list has remained fairly the same for
all later bibliographers. This holds true for the
original Arabic works as well as for the numerous
translations into Latin, Greek, Hebrew, and medi-
eval Romance languages. The uncertainty is due
to a number of factors. Abti Ma‘shar may have
produced some works in several versions or edi-
tions. He has been imitated in a number of ways
by later Arab authors, some of whom displayed
his name prominently at the beginning of their
own work, thus complicating the task of the bib-
liographer. Above all there is a lack of any sys-
tematic survey of Abli Ma‘shar’s production. In
addition to the confusion still affecting the Arabic
originals, a number of Abli Ma‘shar’s works were
translated into so many media during the Middle
Ages that the task of surveying the authentic
remains is This illustrates the
immense popularity enjoyed by Aba Ma‘shar in
the West.

€normous.
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Abu’l-Fida’

Emilia Calvo

Abi’l-Fida’® Tsma‘il ibn ‘ali ibn Mahmiid ibn
Muhammad ibn ‘Umar ibn Shahanshah ibn
Ayyub ‘Imad al-Din al-Ayyiibi was a prince, his-
torian, and geographer belonging to the Ayyiibid
family. He was born in Damascus, Syria in AD
1273 and soon began his military career against
the Crusaders and the Mongols. In AD 1299 he
entered the service of the Sultan al-Malik al-Nasir
and, after 12 years, he was installed as governor
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of hama. Two years later he received the title of
al-Malik al-salih. In AD 1320 he accompanied
the Sultan Muhammad on the pilgrimage to
Mecca and was given the title of al-Malik
al-Mu’ayyad. He died at hama, Syria in AD 1331.

Abu’1-Fida’ is the author of some poetic pro-
ductions, such as the version in verse of
al-MawardT1’s juridical work a/-Hawi. However,
his celebrity is based on two works which can be
considered basically compilations of earlier
works which he elaborated and completed. One
of them is the Mukhtasar Ta'rikh al-bashar
(A Summary on the History of Humanity) written
in AD 1315 as a continuation of the Kamil fr-I-
ta’rtkh of Ibn al-Athir. It was divided into two
parts: the first was devoted to pre-Islamic Arabia
and the second to the history of Islam until AD
1329. It was kept up to date until AD 1403 by
other Arabic historians. It was translated into
Western languages and became the basis for sev-
eral historical syntheses by eighteenth-century
Orientalists.

Abi’1-Fida’’s most important scientific work
is Tagwim al-buldan (A Sketch of the Countries)
written between AD 1316 and 1321. It consists of
a general geography in 28 chapters.

This book includes the problems and results of
mathematical and physical geography without
touching upon human geography or geographical
lexicography. There is a table of the longitudes
and latitudes of a number of cities, including the
differing results found in the sources, setting up a
comparative table for geographical coordinates.
Among the sources of the book are geographers
such as Ibn Hawqal and Ibn Sa‘ld al-Maghribi.

This work was translated into German, Latin,
and French between the sixteenth and the nine-
teenth centuries, making a significant contribu-
tion to the development of geography.
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Abir’l-Salt

Julio Samso

Abii’l-salt is known as Abii’l-salt al-Dan1. He was
an Andalusian polymath born in Denia in 1067.
In about 1096 he went to Egypt where he lived for
16 years. An unsuccessful attempt to rescue a
boat loaded with copper which had sunk in the
harbor of Alexandria cost him 3 years in prison,
after which he migrated to Mahdiyya (Tunis)
where he died in 1134.

He wrote about pharmacology (a treatise on
simple drugs, Kitab al-adwiya al-mufrada, trans-
lated into Latin by Arnold of Vilanova), music,
geometry, Aristotelian physics, and astronomy,
and he seems to have been interested in a physical
astronomy, different from the Ptolemaic mathe-
matical astronomy which predominated in
al-Andalus. His treatise on the use of the astrolabe,
Risala fi-l-‘amal bi-l-asturlab, written while he
was in prison, probably introduced into Eastern
Islam the characteristic Andalusian and Maghribi
device, present in the back of Western instruments,
which establishes the relation between the date of
the Julian year and the solar longitude. He is also
the author of a short treatise on the construction
and use of the equatorium, sifat ‘amal safiha-j-
ami‘a tugawwim bi-ha-jami‘ al-kawakib al-sab‘a
(Description of the Way to Use a General Plate
With Which to Calculate the Positions of the
Seven Planets) which follows the techniques
developed in al-Andalus by Ibn al-Samh

Abu’l-Salt

(d. 1035) and » Ibn al-Zarqallu (d. 1100), although
it also presents original details which show his
ingenuity. He probably reintroduced this instru-
ment in the Islamic East where it had appeared in
the tenth century but was later forgotten until it
was recovered by al-Kashi (d. 1429).
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Abu’l-Wafa’

Yvonne Dold-Samplonius

Abi’l-Wafa” al-Biizjani, Muhammad ibn
Muhammad ibn Yahya ibn Isma‘l ibn al-’ Abbas,
was born in Biizjan (now in Iran) on 10 June 940.
After he moved to Baghdad in 959, he wrote
important works on arithmetic, trigonometry,
and astronomy.

Abi’l-Wafa’ provided new solutions to many
problems in spherical trigonometry and com-
puted trigonometric tables with an accuracy that
had not been achieved until his time. He made
astronomical observations and assisted at obser-
vations in the garden of the palace of Sharaf
al-Dawla. Finally, he wrote two astronomical
handbooks, the Wadih 71 and al-Majisti
(Almagest). More information about Abii’l-Wafa’’s
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Abu’l-Wafa

tables must be obtained from zijes that have incor-
porated material from his works, such as the
Baghdadi Zij, compiled shortly before the year
1285 by Jamal al-Din al-Baghdadi. A solar equa-
tion table attributed to Abli’l-Wafa’ occurs in it.

Several later zijes incorporate Abu’l-Wafa™’s
mean motion parameters. Various sine and cotan-
gent values which he gave in the extant part of
al-Majisti are equal to the values found in
al-Baghdadi’s sine and cotangent tables. Further-
more, al-Baghdadi’s table for the equation of
daylight was computed by means of inverse lin-
ear interpolation in a sine table with accurate
values to four sexagesimal places for every 15°
of the argument, and Abw’l-Wafa’ is known to
have computed an accurate sine table with just
that format.

In Risala ft igamat al-burhan’ ald’l-da’ ir min
al-falak min qaws al-nahar wa’'rtifa’ nisf
al-nahar wa’rtifa’ al-waqt (On Establishing the
Proof of the [rule for finding the] Arc of Revolu-
tion from the Day Arc, the Noon Altitude, and the
Altitude at the Time), Abti’l-Wafa’ deals with a
fundamental problem of ancient astronomy that
of finding the time in terms of solar altitude. He
mentions in the introduction that the formula
stated by Habash al-Hasib (fl. 850) is only
approximate. Abl’l-Wafa’ gives three proofs of
the formula. The procedure of the first two proofs
deals entirely with rectilinear configurations
inside the sphere, in spite of the fact that the
relation being investigated concerns arcs on the
surface of the sphere. This technique was charac-
teristic of Hindu spherical astronomy, as well as
that of the Greeks prior to the application of
Menelaus’ Theorem. The method used in the
third proof consists essentially of two applica-
tions of the Transversal Theorem. Contrary to
Hindu trigonometry and most Islamic astrono-
mers, Abi’l-Wafa’ was one of the few who
defined the trigonometric functions with respect
to the unit circle, as is the case nowadays. In Fi
hirafat al-ab‘ad bain al-masakin (On the Deter-
mination of the Distances Between Localities)
Abi’l-Wafa’ gives two rules for calculating the
great circle distance between a pair of points on
the earth’s surface. He applies both to a worked
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example: given the terrestrial coordinates of
Baghdad and Mecca he calculates the distance
between them, a matter of some interest to Iraqi
Muslims undertaking the pilgrimage. The first
method employs standard medieval spherical
trigonometry and can be regarded as a byproduct
of a common procedure for calculating the gibla,
the direction of Muslim prayer. It is called by

al-B1riini “the method of the zijes.” The second
method is less ordinary and its validity is not
obvious. In addition to the tangent function, it
employs the versed sine, a term Abu’l-Wafa’
does not use in the treatise studied above, but
which appears frequently in the literature. The
origin of this second rule might stem from the
so-called analemma method, a common and use-
ful ancient technique for solving spherical astro-
nomical problems. The general idea was to
project or rotate elements of the given solid con-
figuration down into a single plane, where the
desired magnitude appeared in its true size. The
resulting plane configuration was then solved by
constructions to scale or by plane trigonometry.
Aside from the trigonometry, the text is of inter-
est as an intact example of medieval computa-
tional mathematics. Numbers are represented in
Arabic alphabetical sexagesimals throughout.
The results of the multiplications suggest that
all operations were carried out in sexagesimal
arithmetic, with none of the very common inter-
mediate transformations into decimal integers.
Trigonometric functions and their inverses are
carried out to four sexagesimal places. Al-hubiib1
challenged Ab@i’l-Wafa’ to produce and prove a
rule for calculating the area of a triangle in terms
of its sides. In his Jawab Abt al-WafaMuh ibn
Muhal-Biizjani ‘amma sa’alahu al-Faqih Abu
‘Ali al-hasan ibn harith al-hub abi fi misahat
al-muthallathat (Answer of Abu’l-Wafa’ to the
Question Put to Him by the Jurist Abu ’Ali
al-hasan al-Hubiibl on Measuring the Triangle),
Abii’l-Wafa’ gives three such rules. None of these
is identical with “Heron’s Rule,” but all are
equivalent to it. The earliest work on finger reck-
oning that has survived is AbG’l-Wafa’’s
Fimayahtaju ilaihi I-kuttab wa-l-ummal min
“ilm al-hisab (On What Scribes and Officials
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Need from the Science of Arithmetic). As the
name implies, it was written for state officials,
and therefore gives an insight into tenth-century
life in Islam from the administrative point of
view. Three more works demonstrate Abt’l-Waf-
a’s interest in practical mathematics: Fima
yahtdju ilaihi as-sani‘'min a‘mal al-handasiya
(On the Geometrical Constructions Necessary
for the Craftsman), written after 990; al-Mudkhal
al-hifzi ila sind‘at al-arithmatiqi (Introduction to
Arithmetical  Constructions); and  Risala
al-shamsiya fi [-fawa’id al-hisabiya (On the
Benefit of Arithmetic).

On What Scribes and Officials Need, written
between 961 and 976, enjoyed widespread fame.
The first three parts, “On Ratio,” “On Multiplica-
tion and Division,” and ‘“Mensuration,” are
purely mathematical. The other four contain solu-
tions of practical problems with regard to taxes,
problems related to harvest, exchange of money
units, conversion of payment in kind to cash,
problems related to mail, weight units, and five
problems concerning wells. In this compendium
Abiu’l-Wafa’ systematically sets forth the
methods of calculation used by merchants, by
clerks in the departments of finance, and by land
surveyors in their daily work; he also introduces
refinements of commonly used methods and crit-
icizes some for being incorrect. Considering the
habits of the readers for whom the textbook was
written, Abii’l-Wafa’ completely avoids the use
of numerals. Numbers are written in words, and
their calculations are performed mentally. To
remember the results of intermediary steps, cal-
culators bent their finger joints in conventional
ways which enabled them to indicate whole num-
bers from 1 to 9,999. This same device was
repeated to indicate numbers from 10,000
onward. All procedures, often quite complex,
are only described by words. This treatise on
practical arithmetic provides the model for all
the treatises on the subject from the tenth to the
sixteenth centuries.

He is cited as a source or an authority, but
more often can only be discerned underneath. In
the Geometrical Constructions Necessary for the
Craftsman Abu’l-Wafa’ discusses a host of inter-
esting geometrical constructions and proofs.

Abu’'l-Wafa

He constructs a regular pentagon, a regular octa-
gon, and a regular decagon. The construction of
the regular pentagon with a “rusty” compass is
especially noteworthy. Such constructions are
found in the writings of the ancient Hindus and
Greeks, but Abti’l-Wafa’ was the first to solve a
large number of problems using this compass
with fixed opening.

Renaissance Europe had a great interest in
these constructions. The possible practical appli-
cations (such as making decorative patterns) may
have been an additional motivation for studying
things like a regular (or perhaps equilateral)
pentagon inscribed in a square. However, the
importance of such applications should not be
overestimated. In proposing his original and ele-
gant constructions, Ab’l-Wafa’ simultaneously
proved the inaccuracy of some practical methods
used by the craftsmen.

To honor Abtu’l-Wafa’, a crater on the moon
was named after him. He died in Baghdad in
997 or 998.

See Also

Algebra, Surveyors’

Habash al-Hasib

Mathematics Practical and Recreational
Qibla and Islamic Prayer Times
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Acoustics at Chichen Itza

Frans A. Bilsen
Delft University of Technology, Delft,
The Netherlands

A Chirp Echo from El Castillo Pyramid

At Chichen Itza in Mexico, there is a Mayan ruin
with a pyramid named El Castillo that produces
an echo in response to a handclap. According to
some authors, it sounds like the chirp of a quetzal
bird. It was felt by Lubman and others that the
periodic structure of the central staircase (see
Fig. 1) is responsible for the chirp-like sound of
the echo (Lubman, 1998a, b). Declercq,
Degrieck, Briers, & Leroy (2004) performed a

Acoustics at Chichen
Itza, Fig. 1 The El
Castillo pyramid at the
Mayan ruin at Chichen Itza
in Mexico

spectral analysis of the echo sound as recorded
by Lubman and tried to find an explanation by
applying optical diffraction theory to the periodic
structure of the steps of the pyramid. Bilsen
(2006), on the other hand, proposed an explana-
tion based on auditory pitch theory, by consider-
ing the detailed time pattern of sound reflections
from the steps of the staircase.

In Fig. 2, the gray-scaled background consti-
tutes the sonogram of the chirp echo as
reproduced from Fig. 8 of Declercq
et al. (2004). Time is plotted horizontally on a
linear scale (total span 200 ms), and frequency is
plotted vertically on a linear scale from O to
5,000 Hz. Note that the lighter areas in this sono-
gram suggest the presence of spectral energy at
the second, third, and fourth “harmonic” of a
gliding fundamental frequency. These gliding
harmonics are indicated by the dotted lines as
predicted by the theory of repetition pitch.

Repetition Pitch Theory

A sound like a handclap contains spectral energy
smeared over a wide range of frequencies. We
consider the idealized case of a short pulse with a
white spectrum (compare white light). When
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time (ms, linear)

Acoustics at Chichen Itza, Fig. 2 Gray-scaled sono-
gram after Declercq et al. (2004, Fig. 8) of the chirp
echo recorded by Lubman (1998b). Time is plotted hori-
zontally; frequency is plotted vertically. White dotted lines
represent the 1st, 2nd, 3rd, and 4th “harmonic” following
repetition pitch theory (see text below)

such a sound is mixed with the (delayed) repeti-
tion of itself, a compound signal is obtained hav-
ing a rippled spectrum with peaks and valleys at
equal distances in frequency (compare interfer-
ence in optics). Specifically, the power spectrum
of a white signal with one added repetition is a
cosine function of frequency (see continuous
bold-faced lines in Fig. 3) with spectral maxima
at multiples of a “fundamental” f;, corresponding
to the reciprocal value of the delay time .

With such a signal, a listener generally per-
ceives a pitch, repetition pitch (RP),
corresponding to the fundamental (which, by the
way, need not necessarily be present in the phys-
ical signal). Extensive psychophysical experi-
ments in the past have shown that, in principle,
RP can be predicted correctly by alternative the-
ories, specifically (1) by neural signal processing
described as autocorrelation on the temporal fine
structure of the cochlear signal (Bilsen & Ritsma,
1969/1970), (2) by internal-spectrum matching as
imagined in Fig. 3 (Bilsen, 1977), or (3) by
correlation-like processing performed on the har-
monics resolved in the cochlea (e.g., Yost,
Patterson, & Sheft, 1996; see also Hartmann,
1997, pp. 361-376).

The Chirp Echo Modeled as a Gliding
Repetition Pitch

Adopting the data of pyramid dimensions,
handclap, and sound recording positions, from
Declercq et al. (2004), the drawing of Fig. 4 was
obtained (Bilsen, 2006, Fig. 2). The steps of the
staircase are numbered n = —7 to 84, withn =0
being the step at ear (microphone) height. Dimen-
sions are given in meters. Paired reflections
(repetitions) from successive steps are considered
as pairs of pulses with inherent delay 7,, equal to
the sound path differences {S(n + 1) — S(n)}
divided by the speed of sound. From the reciprocal
values, 1/t,, a theoretical sonogram (see Fig. 5) is
calculated, showing a cosine shape along the ver-
tical (frequency) dimension and a gliding “funda-
mental” together with its “harmonics” (maxima) in
the horizontal (time) dimension.

For easy comparison with the sonogram of the
recorded chirp echo (see Fig. 2), dotted lines are
superimposed on the sonogram (total span
200 ms) so that the 177-ms span of the model
(91 dots) coincides as well as possible with the
extent of the lighter areas of the sonogram in the
horizontal direction. Each dotted line represents
one of the first four harmonics numbered
1 through 4, with each dot representing the
instantaneous value of an RP harmonic. The cal-
culated fundamental glides from 796 to 471 Hz
within a time span of 177 ms. Horizontal dotted
lines at 0 Hz and 5 kHz coincide with the fre-
quency scale of the sonogram. It can be con-
cluded that the dotted lines fit nicely to the
lighter regions in the sonogram, which proves
the adequacy of RP theory.

By informal listening to a synthesized RP
glide following the above model, basic similarity
with the chirp recorded by Lubman was
observed. This confirms also the perceptual rele-
vance of the present considerations (http://
fabilsen.home.xs4all.nl).

Chichen Itza Compared to Chantilly

In 1693, Christiaan Huygens standing at the foot
of the majestic staircase in the garden of the castle
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Acoustics at Chichen Itza, Fig. 3 Here it is imagined
how the brain might “calculate” a repetition pitch
corresponding to the (absent) fundamental frequency fy
by making a best harmonic fit to the spectral maxima
present in a signal. (a) Harmonic case (delayed signal

Acoustics at Chichen
Itza, Fig. 4 Schematics of
El Castillo pyramid with
source/receiver position
and step dimensions in
meters. Steps are numbered
n = —7 to 84 (Note:

n different from » in Fig. 3)
(After Bilsen, 2006, Fig. 2)

f a

Al —+

added) with harmonically related spectral maxima at n/7
for n = 3, 4, and 5. (b) Ambiguous case (delayed signal
subtracted) with spectral maxima for n = 35 and 4l
giving rise to two alternative pitches fy’ or f”
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of Chantilly in France (see Fig. 6) made the
following observation (translated rather literally
by the present author from old French) (Huygens,
1693[1905]):

When one is standing between the staircase and the
fountain, one hears from the side of the staircase a
resonance that possesses a certain musical pitch
that continues, as long as the fountain spouts. One
did not know where this tone originated from or
improbable explanations were given, which stimu-
lated me to search for a better one. Soon I found

=7

that it originated from the reflection of the noise
from the fountain against the steps of the staircase.
Because like every sound, or rather noise, reiter-
ated in equal small intervals produces a musical
tone, and like the length of an organ pipe deter-
mines its own pitch by its length because the air
pulsations arrive regularly within small time inter-
vals used by the undulations to do the length of the
pipe twice in case it is closed at the end, so
Timagined that each, even the smallest, noise com-
ing from the fountain, being reflected against the
steps of the staircase, must arrive at the ear from
each step as much later as the step is remote, and
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this by time differences just equal to those used by
the undulations to travel to and fro the width of one
step. Having measured that width equal to 17 in.,
I made a roll of paper that had this length, and
I found the same pitch that one heard at the foot
of the staircase.

Acoustics at Chichen Itza, Fig. 5 Theoretical sono-
gram following repetition pitch theory and the El Castillo
dimensions of Fig. 4. Frequency is plotted vertically; time
is plotted horizontally on linear scales

§
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Having established that the pitch was
heard only when the fountain was working, he
returned in winter when snow obscured the
shape of the steps and he confirmed the ab-
sence of the pitch although the fountain
was switched on. It is really a great experiment,
tackling and controlling separately the two
main physical factors responsible for the specific
pitch.

Of course, Huygens did not posses our present
knowledge of auditory theory, nor did he have
knowledge of the psychophysical properties of
repetition pitch. But having to do with many
regular repetitions instead of only one, he could
immediately draw an analogy with the musical
tones from organ pipes. Thus, acoustically rather
than physiologically, his explanation was
adequate.

Huygens’ observations were confirmed at
later occasions by handclapping. Due to the
rather large distance of the fountain or handclap
position from the staircase, the smaller extent
of the staircase, and the near horizontality
of reflections, acoustic registrations show a
regular reflection pattern in time, resulting in a
rather stationary repetition pitch of 370 Hz
equivalent.

Acoustics at Chichen Itza, Fig. 6 Christiaan Huygens
at Chantilly as imagined by F. M. M. Bilsen (After Bilsen
& Ritsma, 1969/1970, Fig. 1) (Note that, in reality, the

fountain or handclap position is at greater distance from
the staircase)
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Acoustics in Chinese Culture

Chen Cheng-Yih

A sound is perceived in terms of its pitch, loud-
ness, and tone quality characteristics. The Chi-
nese term for pitch is yin [ii or simply lii. Early
mentions of pitch in connection to its function in
ode singing, in musicology, and in the standard-
ization of measures and weights are found in the
Yi Shi (The Book of Yiu). The Chinese used
the terms ging (clear) and zhuo (muddy) to
describe, respectively, the high and low pitches.
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In remonstrating the decision of the High King
J ing of Zhou to have the Wu-Yi bell melted
down and converted into the Da-lin bell of
lower pitch, minister Shan Mia Gong stated in
522 BCE:

The ear functions harmoniously within a cer-
tain range of high and low pitches. The determi-
nation of this pitch-range should not be left for
individuals. For this reason bells constructed by
our ancient kings never exceeded their
corresponding size in jin (unit) and weight in
dan (unit). This is where the specifications of
measures and weights for pitches originated.

This statement, recorded in the Guo Yu
(Discourses on States), reveals that the early Chi-
nese were aware of the existence of an audible
pitch range.

A description on the development of the
12 pitches preserved in bells from antiquity is
provided by music master Zhou Jii. He says
that the reason that ranges and degrees can be
established for pitch is due to Shén Gt of antig-
uity, who investigated and determined the zhong
shéng (middle tone) as the reference. The degrees
of the pitches and tuned bells are the standards
observed by all officials. From the zhong shéng,
one first establishes 3 pitches, then levels them
out evenly into 6 pitches, and finally brings them
to completion in 12 pitches. This is the dao of
nature.

This suggests that the 12-pitch system was
derived from “trichords”. An early example of a
trichord is provided by three jade stone-chimes
unearthed from a pit of the Yin ruins
(ca. thirteenth century BCE) at Anyang; they
not only are capable of producing tones but also
have their pitch names engraved on the stones.

Early evidence for pitch standardization men-
tioned in the Chinese text is provided by the com-
mon notes found among the unearthed musical
instruments. The most significant archaeological
evidence is provided by the pitch pipes unearthed
in 1986 from a Chii tomb (M21) of the Warring
States period located at the present Yutdishan
in Jiangling, Hubé&i province. These pitch
pipes, made of nodeless » bamboo (open ends)
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with different lengths and diameters, are the
earliest specimens currently available. Though
broken, four of the pitch pipes still had readable
inscriptions, providing not only the names of the
pitches, but also explicit statements on assigning
pitches through the usage of the character ding
(literally to fix or determine). From the mea-
sured frequencies of the unearthed Marquis Yi
set-bells, one obtains for the Huédng-zhong pitch
a measured frequency of 410.1 vibs s ~! in the
fifth century BCE.

In Chinese, the louder sound is called da and
the softer one xi. The modern Chinese term for
loudness in acoustics is yin-liang. An early dis-
cussion on loudness is found in the Guo' Yu on the
arrangement of instrument in an orchestra, in
which harmony and balance are considered
essential.

An obvious question on loudness is its role in
audibility. Lao Zi made some interesting obser-
vations which seem to have some bearing on the
threshold of hearing. We have from the Dao Dé
Jing (Canon of the Virtue of Dao) the statement:
That which is listened to but not heard is called
x7. The term x7, as it is defined here, relates to the
term xi-shéng, which Needham translates as
“tenuous note”.

At the time of Lao Zi, concepts such as fre-
quency and intensity had not yet been developed.
Lao Zi could not have distinguished the audibility
of xi-shéng in relation to its frequency and inten-
sity. But he probably was aware that most
xi-shéng are low-pitch sounds and that their audi-
bility depends sensitively on loudness. Thus,
when he said that the loud sound contains
xi-shéng, he was probably referring to the audi-
bility of those inaudible low-pitch sounds at a
louder level.

Tone quality is the perception of sound in
relation to the dynamic structure of the sound.
The Chinese term for tone quality is yin-zhi and
in classic usage simply yin. The early Chinese
acousticians identified tone quality with the
sound-producing material and began to classify
sounds in accordance with such materials. Eight
distinct tone qualities known simply as ba-yin
(eight tones) are identified with eight such
sound-producing materials.

Acoustics in Chinese Culture

Early mention of the “eight tones” is found in
the Y Shii and Zho Zhuan. Other than being
responsible for instituting music with the
two sets of six pitches, the Grand Music Masters
(Da-Shi) were also responsible for making sure
that all music was composed in pentatonic into-
nations: gong, shang, jué, zhi, and yi, and
that all music was performed in eight tones:
jin (metal), shi (stone), ti (clay), gé (skin),
st (silk), mu (wood), pdo (gourd), and zhi
(bamboo).

Each of these sound-producing materials rep-
resents a basic tone quality. In 1936, Schaeffner
commented that the ba-yin was “probably the
oldest extant classification of musical instru-
ments in any civilization.” Needham and Robin-
son compared the ba-yin classification with the
Greco-Roman classification of musical instru-
ments, namely wind, stringed, and percussion
instruments, and concluded that the Greco-
Roman classification was more scientific. The
point that needs to be emphasized here is that
the ba-yin classification was based on tone qual-
ities and not on musical instruments, even though
there is an intimate connection between the two.
It is important to note that each complex
tone has its own unique characteristic harmonic
spectrum and wave form. There does not yet
exist a satisfactory system for -classifying
tone quality. The fivefold classification of
ideophones, membramophones, chordophones,
electrophones, and aerophones is again a classi-
fication based on musical instruments.

In addition to the tone quality of sound due to
the sound-producing materials, the ancient Chi-
nese were also interested in the variation in tone
quality coming from the configuration of musical
instruments and the different ways of playing
musical instruments. Twelve sounds are specified
in the Zhou Li to identify tone qualities with the
configurations of the musical instruments.
According to the Lii-Shi Chin-Qiu of 239 BCE,
the techniques of exploiting timbre with over-
tones had reached a high level of art in gin
(half-tube zither) playing. Indeed, in the playing
the ancient lute (gu gin) with no frets and mark-
ings, each note could be played with a variety of
subtleties in touch.
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The Physical Nature of Sound

As described in the Kdo Gong Ji (The Artificers’
Record), sound is produced by vibrations, and
there is a relationship between the thickness of
the vibrating walls and the pitch of the sound
produced by the vibration.

In Chinese classic usage, the character ji
means rapid (or fast) and shii means slow. Thus,
sound produced by rapid vibration is called yin ji
(or sheng ji) and by slow vibration yin shi
(or shéng shit). Such technical terms are found
in the description of acoustics of bells, stone-
chimes, and drums in the Kdo Gong Ji. It is
important to appreciate the relation between this
terminology and the terminology for pitch. The
terms ging and zhud for high and low pitches
represent the perceptive description of sound in
relation to the rate of vibration, while the terms
yin ji and yin shii represent the physical descrip-
tion of sound in relation to the rate of vibration.

An explicit statement on the direct relation
between the physical and perceptive descriptions
of sound is found in the Gudn Zi (The Book of
Master Guan), in which it is stated that the sound
of rapid vibration has a high pitch.

According to the Kdo Gong Ji, Chinese bell-
makers examined the audibility of a bell’s sound
at a distance and discovered that the audible
distance of a strike tone depends on the interplay
of the diameter and the length of the bell. Such an
experimental investigation on the dependence of
the audible distance of a bell’s sound on the
dimensions of the bell was a significant step
toward a scientific inquiry into the physical
nature of sound propagation. The early Chinese
probably looked to the propagation of a distur-
bance in water as a mental image for the propa-
gation of sound. This is suggested by the
hydraulic terms, ging (clear) and zAuo (muddy).
Thus, the analogy between the expanding pattern
of ripples on water and the propagation of sound
in the air probably also began early in Chinese
civilization. However, no extant record with
explicit mention of this mental connection
between waves in water and in air is available
earlier than the work of Wang Chong of the first
century AD.
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An important physical phenomenon of sound
that was discovered early in Chinese civiliza-
tion is resonance. In the Zhuang Zi (The Book
of Master Zhuang), there is a passage attributed
to Lu Ju of Western Zhou, in which he says
that the striking of the gong note of one zither
causes the gong note of the other zither
to vibrate, and that the same is true of the
jué note, because the notes are of the same
pitch.

The resonance phenomenon of L Ju achieved
wide recognition in ancient times. The principle
of resonance was later summarized in the state-
ment “sheng-bi ze-ying.” This contains two key
technical terms, bi’ and ying. The term bi, which
literally means “comparison,” is coined to repre-
sent “matching in pitch,” a condition for reso-
nance first pointed out by Lu Ju, and the term
ying, which literally means “respond,” is coined
to emphasize the sympathetic aspects of the
vibrations in resonance. These technical terms
became common in subsequent accounts of reso-
nance in sound.
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Acupuncture

Yun-tao Ma

Terminology

1. Zhen Jiu (% % )/acupuncture/acumoxology.
The term ‘“acupuncture,” meaning ‘“using
needles to pierce” (Webster’s College Dic-
tionary), is translated from the Chinese term
Zhen Jiu, in which Zhen means “using nee-
dling to pierce” and Jiu refers to burning
Moxa (Moxa refers to dried, pressed leaves
of Mugwort (Artemisia vulgaris) burned on
or above the skin to stimulate an acupunc-
ture point or serve as a counterirritant) on
the acupoints. » Moxibustion refers to the
application of heat stimulation with a moxa
roll or cone on the point or affected site
instead of using a needle. In Chinese, the
term Zhen Jiu is often used as one concept,
so, a new term acumoxology has been used
to translate the original meaning of Zhen
Jiu. The term “acumoxology” will be used
if the text refers to both burning moxa and
needling.

2. Jing Luo (224%)/meridian/channel/vessels.
The English words meridian, channel, or ves-
sel have been used to translate the Chinese
term Jing Luo. Historically the concept of
Jing Luo was related to arterial vessels; in
this text the term vessel is used for the Chi-
nese term Jing Luo instead of meridian or
channel.

3. Chinese classic literature. There are often
different English translations for the titles of
the same Chinese classics. In this article, all
Chinese classics are spelt first with Chinese
Pinying and then by an English translation,
as, for example, » Huangdi Neijing (Yellow
Emperor’s Inner Canon). If the same title
appears again in the text, only the Chinese
Pinyin transliteration is used.
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Sociohistorical Evolution of
Acumoxology

Acupuncture is an ancient healing practice which
appeared in different civilizations. Documents
indicate that needling treatments were found in
ancient Egypt, Greece, India, Japan, and China.
Nevertheless, only the Chinese have nurtured this
healing practice into a systemic medical modality
which consists of clinical experiences accumu-
lated for thousands of years and the theories
gradually developed to explain these experi-
ences. All branches of Traditional Chinese Med-
icine (TCM), herbology, tuina, (Tuina utilizes
soft tissue manipulation, acupoints, external
herbal medicines, therapeutic exercise, and struc-
tural realignment methods to treat a wide variety
of musculoskeletal and internal organ disorders)
and Qigong (Qigong is a Chinese healing art
using a series of gentle focused exercises for
mind and body) have absorbed some concepts
from classic acumoxology.

Chinese archeological records suggest that
stone needles (bian shi), the earliest tools for
acupuncture, were invented to treat diseases dur-
ing 8000—4000 BCE of the Neolithic Age. Later,
bone, » bamboo, bronze, and other metals like
iron, silver, and gold were used to make needles.
Today most of the clinical needles are made of
stainless steel. Mai Shu (The Book of Vessels),
the earliest document of acumoxology, appeared
between the fourth and third centuries BCE. The
first TCM classic Huangdi Neijing (Yellow
Emperor’s Inner Canon) discussed vessel theo-
ries, clinical principles of acumoxology, needling
methods, and needling tools. However, Huangdi
Neijing is neither systemic nor rigorously struc-
tured. It is a collection of medical treatises by
authors of different times possibly from the
period of Warring States (475-221 BCE) to the
Han Dynasty (206 BCE-AD 220). The first book
specifically devoted to acumoxology was Huang
Di Ming Tang Jing (The Yellow Emperor’s
Canon of Bright Hall) in the Han Dynasty.
Another book, Jiu Fang (Prescriptions for Mox-
ibustion), came out in the period of Three
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Kingdoms (AD 220-280). Thus all the basic
elements — the theories, acupoint system,
methods of needling and moxibustion, and treat-
able diseases — were organized into a system of
acumoxology.

The Ministry of Health of the Tang Dynasty
(AD 618-907) designated acumoxology as one of
the five medical specialties and appointed medi-
cal doctors to teach and practice acumoxology in
a royal institute. The government of the Song
Dynasty (AD 960-1264) published an official
document of acumoxology, Tong Ren Shu Xue
Zhen Jiu Tu Jing (Standard Atlas of Acupoints
on Life-Sized Bronze Human Statue for
Acumoxology), in AD 1026. This document clar-
ified the location and indications of 354 acupoints
and assigned them into 14 vessels. This is the first
standardization of acumoxology in history. After
the Song dynasty, a notable theoretical develop-
ment in acumoxology includes prescriptions of
acupoints according to the time of the day and
seasons (Zi Wu Liu Zhu) or differential diagnoses
(Differential diagnosis is the determination of
which one of two or more diseases or conditions
a patient is suffering from, by systematically
comparing and contrasting their clinical findings)
(Bian Zhen Lun Zhi) and a variety of needling
manipulation techniques. Acumoxology as a
medical practice declined after the Ming Dynasty
(AD 1368-1643), especially when the Chinese
agricultural culture confronted the Western
industrial and scientific culture ever since the
middle of the nineteenth century.

After the founding of the People’s Republic of
China (1949), application of modern science to
traditional medicine was politically advocated
and financially supported by the new govern-
ment. Some of the best scientists and clinicians
trained in Western science were encouraged to
study and modernize traditional medicine. In
1972, successful cases in acupuncture anesthesia
were reported in the US (American interest was
triggered in 1972 by a rumor that New York
Times reporter James Reston had received acu-
puncture anesthesia for an appendectomy while
visiting China during President Nixon’s historic
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visit. Actually, he had had standard anesthesia
and received acupuncture for postoperative
cramps); this increased interest in acupuncture
in both professional circles and for the public.
Acupuncture became the most studied subject of
all alternative medical modalities internationally.
Enormous quantities of research data have been
obtained from laboratories and clinics in many
countries and have justified the scientific basis of
acumoxology. Because of this intensive research,
the trend to biomedicalize acumoxology and inte-
grate it into mainstream medicine began in both
China and the West.

Historical Development of
Acumoxologic Theories

How Acupoints Were Discovered

Ancient Chinese doctors believed that a vital
force, gi, flowed inside the vessels of the human
body. They felt the quality of qi pulsation at
multiple pulsing points on the body and used
this to diagnose diseases. They also needled
these pulsing points to treat diseases. These
points became the earliest acupoints. As clinical

experience accumulated, effective but
nonpulsing acupoints were discovered and
recorded.

The Origin of Vessel Theories

Early acumoxologic theories were formed from
empirical facts. For example, ancient doctors
found that needling certain pulsing loci on the
dorsum of the foot and medial part of the lower
leg was more effective than other points in
treating pain or other symptoms of the genitals,
lower abdomen, and lumbar areas. Thus they
drew lines to connect the effective needling
points with the parts of the body that were most
affected by the needling, making a visible rep-
resentation which connected all the points and
related body parts together. In this example the
pulsing points on the dorsum, the medial leg,
the genital area, the lumbar area, and up to the
tongue were connected. They believed that
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these symptoms were related to the imbalance of
the “liver,” and thus the “liver vessel” was grad-
ually formulated. However, different doctors at
different times formulated different “liver
vessel” maps.

The Historical Integration of the Various
Vessel Theories into a Single System

Huangdi Neijing (Yellow Emperor’s Inner
Canon) integrated the various channel theories
into one system. However, inconsistencies in
this book reveal that the authors had differing
medical experience from different historical
periods. In the years that followed the appear-
ance of the Huangdi Neijing, acumoxology con-
tinued to evolve by incorporating more theories,
and an ever-increasing number of acupoints and
channels, into the existing system. When clinical
realities did not fit into an existing theory, the
facts were often modified to ensure the continu-
ance of the theory. New theories coexisted
with old ones. Thus classical acupuncture as we
know it today is made up of theories and clinical
experiences that are valuable, but they are
mixed with fallacious concepts and imperfect
explanations.

Daoist Philosophy Guided Both Theories and
Clinical Practice

“The universe and humans are one” (Tian Ren
He Yi) is the central thinking model of Daoism.
Its » Yinyang (Yinyang is a Daoist symbol of
the interplay of forces in the universe. In Chinese
philosophy, yin and yang represent the two pri-
mal cosmic forces in the universe. Yin (moon) is
the receptive, passive, cold female force. Yang
(sun) is masculine, representing movement and
heat. The Yinyang symbol represents the ideal-
ized balance of the forces; they demonstrate
equilibrium in the universe) and Wuxing (The
theory of the five phases looks at five interrelated
forces that have specific relationships to one
another. Each of the elements has corresponding
organs, emotions, colors, tastes, tissues, human
sounds, and countless other correspondences.
For example, an Earth person likes late summer,
singing and sweet tastes) (five phases: metal,
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wood, water, fire, and earth) models have been
applied to the human body, its anatomy, patho-
physiology, and acumoxology. All 14 vessels
are classified into Yin and Yang vessels and
within each vessel the important acupoints
below elbow and knee are ascribed to five phases
such as fire point, water point, etc. When treating
diseases, the nature of Yin or Yang vessels and
the phases of the points are synthesized to form
the prescription according to the principle of
Yinyang balance.

The “Pearls” of Classic Acumoxology Theory
Since the 1960s, international scholars and scien-
tists have conducted research, but they still can-
not verify the vessel entities. Both historical
documents and clinical trials clearly show that
the most valuable discovery in acumoxology the-
ory is the interrelatedness between the parts of the
body surface, and between the parts of the body
surface and the internal organs. These are the
immortal “pearls” of classic acupuncture. The
classic 14 vessels are just tentative theories used
by ancient medical sages to explain this interre-
latedness of human body.

The Internationalization of
Acumoxology

During the Tang Dynasty (AD 618-906),
Korean and Japanese students were sent to
China to study medicine and other subjects.
Acumoxology, massage, and herbal medicine
were first taught in a Korean medical school in
AD 692. In Japan, specialized faculty taught
acumoxology as part of a 7-year course in the
Imperial medical school established by the
emperor in AD 702.

Jesuit missionaries introduced acupuncture to
Europe in 1683. Acupuncture was taught in
French hospitals and was practiced by some doc-
tors in Germany, The Netherlands and England.
Acupuncture therapy has remained in European
countries since the eighteenth century. An Amer-
ican doctor, William M. Lee, learned acupunc-
ture from a British doctor and published his paper
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on using acupuncture for rheumatism in 1836. Sir
William Osler, in his The Principles and Practice
of Medicine (8th ed., 1909), suggested acupunc-
ture therapy for low back pain. Acupuncture was
reintroduced into the US in 1972 from China after
diplomatic normalization between the two
countries.

Since the 1950s, doctors of the former Soviet
Union and Eastern European countries have stud-
ied acupuncture from China and they still prac-
tice acupuncture in hospitals today.

In 1975, three international acupuncture
training centers were set up to train worldwide
healthcare professionals in China. The World
Health Organization (WHO) has offered enor-
mous support to spread acupuncture therapy in
developing countries. In 1989, WHO approved
the Standard International Acupuncture Nomen-
clature which has been used worldwide. In 1994
and 1999, WHO issued the Standard for Clinical
Acupuncture Research and Guidelines on Basic
Training and Safety in Acupuncture.

Medical Differences Between
Acumoxology and Chinese Herbal
Medicine

There is a difference between acumoxology and
Chinese herbal medicine, although they have
absorbed theories from each other. First,
acumoxology developed its special Jing Luo
(vessel) theories, while Chinese herbal medicine
applies Zang Xiang (Visceral concepts) theories.
Second, the same acupoints can be applied to
different symptoms, while herbs, more or less,
have specific therapeutic indications. Third, the
method of differential diagnosis is essential in
herbal medicine while it is not necessary in
acumoxology.

Medical Differences Between
Acupuncture and Moxibustion

Acupuncture needling inoculates minor lesions
inside the soft tissues including nerve tissue.
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This  needling-induced lesion  stimulates
neuroimmune response involving the cardiovas-
cular and endocrine systems. Fresh cells will
replace this needle-induced lesion within
2-5 days. Most » moxibustion has the same
physiological effect as needling does, but no
lesion is introduced into the tissue. Traditional
pus-making moxibustion (hua nong jiu) burns the
skin and makes huge superficial lesions which
produce a longer effect.

Medical Differences Between
Acupuncture and Western Conventional
Medicine

In general, acumoxology therapy does not target
any particular cause(s) of a symptom(s) or dis-
ease(s); it just activates the self-healing potential
of the built-in biological survival mechanisms to
normalize the physiologic processes and let the
body heal. Acumoxology treats the whole body
and produces no side effects, but the efficacy is
achieved within a physiologically healable limit.
Western conventional medicine tries to elimi-
nate or correct the causations of the diseases by
manipulating the chemistry and biological struc-
ture of the body first. The body then recovers
from the impairment of both the disease and the
medical intervention. This strategy may be
accompanied by some side effects.

Biomedicalization of Classic
Acumoxology

The medical value of acupuncture has been rec-
ognized internationally, especially in cases in
which Western medicine has been unable to
cause healing, but it has been challenged for its
scientific justification in both Western and East-
ern countries as modern sciences predominate in
every field. Since the 1960s, acupuncture has
been the most researched subject of traditional
folk medicine in both China and the West, from
the molecular to the organismic level, using new
technologies in anatomy, neuroscience and
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immunology laboratories and evidence-based,
double blind, statistical methods in clinics. Suffi-
cient data have verified that acumoxology shares
the same biomedical basis with Western medi-
cine, and also indicate that acupuncture can be
understood, taught, and practiced in biomedical
concepts. Historically acupuncture has been
acculturated many times when it was adopted
by different host cultures. Thus, during this new
acculturation, the biomedicalization of classic
acumoxology becomes both possible and neces-
sary. In September 2004, two new biomedically
oriented textbooks were published. Acumoxology
Course for International Students was published
in China and Biomedical Acupuncture for Pain
Management. An Integrative Approach was
published in the United States. The two textbooks
emphasize the new developments and new trends
in acumoxology while maintaining its traditional
medical values and philosophy. The fact that they
were published simultaneously represents the
biomedicalization of acumoxology in both
China and the West.

What Diseases Can Acupuncture Treat?/
How Effective Is Acupuncture Therapy?

Both clinical and laboratory data suggest that
acupuncture and moxibustion are physiological
therapies which result in self-healing, which is
coordinated by the nervous system and mediated
by the immune, endocrine, and cardiovascular
systems. In 1979 WHO suggested a list of disor-
ders and conditions for which acupuncture is
effective, including neurological, musculoskel-
etal, respiratory, gastrointestinal, mouth, and
eye problems. Nevertheless, WHO also made
the statement that “this list was not based on
controlled clinical research and cannot be con-
sidered authoritative nor does it reflect WHO’s
view in any way.” This uncertainty can be clar-
ified as we understand the physiological basis of
acupuncture. Acupuncture does not target any
specific symptoms or diseases but just normal-
izes physiologic processes to activate self-
healing. The results of this self-healing depend
on (1) the healability of the symptoms, and
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(2) self-healing capacity maintained by the
patients. Thus, the same symptoms can be
cured in some patients, or can be partially
relieved in other patients but do not respond to
acupuncture at all in a few patients. The informa-
tion of healability may be obtained from medical
examination. To estimate the self-healing capac-
ity, readers may refer to the textbook Biomedical
Acupuncture for Pain Management: An Integra-
tive Approach.

Limitations of Acumoxology Therapy

As acumoxology normalizes physiological pro-
cesses to activate self-healing, it works better for
conditions resulting from physiological abnor-
malities. For example, if low back pain is caused
by inflammation of soft tissues, acumoxology
will cure it in most patients. If the low back
pain is caused by a tumor of the spinal cord,
acumoxology may provide only temporary pain
relief. The former condition is an acupuncture
remedy, while the latter is an acupuncture-aided
treatment. In cases of acupuncture remedy,
faster and more stable results can be obtained if
conditions are treated at their early stage.

Questions Remaining

Today we understand acumoxology in terms of its
physiological basis even better than some medical
procedures used in conventional medicine, but, as
in any field of science, more new questions arise
after old mysteries have been clarified. There are
many unanswered puzzles in acumoxology. For
examples, what is the biological basis of the inter-
relatedness between different parts of human body
as classic Jing Luo (Vessel) phenomena demon-
strate? What symptoms or disorders are more ame-
nable to acupuncture remedy or acupuncture-aided
treatment? How are diseases related to particular
acupoints? What acupoints should be selected for
particular symptoms? How does needle manipula-
tion influence the results? Clarification of these
and other questions will improve clinical results
of acumoxology.
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Acyuta Pisarati

Manu V. Devadevan
Archive India Institute, Bhubaneswar, Odisha,
India

Acyuta Pisarati (ca. 1550-1621) was an astrono-
mer from the south Indian state of Kerala. He
came from the village of Trkkantiyiir near Tiriir
in southern Malabar. Born in an ampalavasi
(temple servant) caste, he belonged to a long
and illustrious line of mathematicians and astron-
omers that commenced with Sangamagrama
Madhavan (ca. 1340-1425) in the fourteenth cen-
tury and continued up to Krsnadasan
(1786-1812) in the nineteenth. He was a student
of the redoubtable Jyesthadevan (ca. 1500-1610)
and was teacher to the great grammarian and
devotional poet Melpattir Narayana Bhattatiri
of the Narayaniyam fame. His patrons included
Ravi Varma, the chief of Vettam near Ponnani,
and the Tamprakkals of the Alvaficeri family.
Acyuta Pisarati studied medicine, poetics, and
grammar and wrote the Pravesaka, an introduc-
tion to Sanskrit grammar. But his fame rests on
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the contributions he made to the development of
astronomy. In the Sputanirnaya written before
1593, he showed that the Moon moves on its
own orbit that differs marginally from the ecliptic
used to measure its longitude. He proposed
a correction to the calculation — which is called
the “reduction to the ecliptic” — and further elab-
orated it in his Rasigolasphutaniti: Multiply the
tabular cosine and sine of the difference between
the Moon and the node and the product by the
tabular versine of the Moon’s maximum latitude.
Divide this by the tabular cosine of the latitude
for the given moment and divide the quotient
further by the tabular radius. In modern terms,
when A is the correction required, o the difference
in longitude between the node and a planet,  the
maximum latitude, 0 the actual latitude, and r the
tabular radius, we have

Sin o x Cos o x Versine 8

Sinh =
- Cos O xr
FSin A — rSina x rCosa x rVersine 8
rCosO x r
3G: _
Sinh - © Sin o x Cos o (1 — Cos )

r2Cos 0 x r

Sin o x Cos a (1 — Cos B)
Cos 0

As Sin A tends to be more or less equal to A for
small values of A, we have

Sin o x Cos a (1 — Cos B)
Cos 0

It is striking that Acyuta Pisarati was
a contemporary of the Danish astronomer Tycho
Brahe (1546-1601) who proposed the reduction
to the ecliptic for the first time in Europe in his
book Astronomiae Instauratae Progymnasmata,
published posthumously in 1602.

The Sputanirnaya became an influential work
among astronomers in Kerala in the seventeenth
and eighteenth centuries. No less than nine works
were composed during this period to elaborate
upon Acyuta Pisarati’s formulations.
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Acyuta Pisarati was a champion of new
methods in astronomy. In the Upardgakriyakrama,
he presented innovative methods for computing
eclipses. The Karanottama, which deals among
other things with gnomonical shadow (chhaya)
and the complementary situation of the Sun and
the Moon (vyatipdta), also draws attention by its
novel computational methods. This work deploys
the drgganita system of mathematics developed by
Sangamagrama Madhavan’s student Vatasseri
Paramesvaran (ca. 1360-1460). Acyuta Pisarati
claims in this work that he was only trying to
make known in writing what was preserved
secretly (gopyatvena) by masters in the line of
Paramesvaran and  others  (paramesvaradi
partksaka paramparaya). Pisarati also excelled in
astrology. He wrote the Jatakabharanapaddhati.
His Hordsaroccaya was based on Serati’s
Jatakapaddhati. His other works include terse
tracts on astronomy, like the Chaydastaka on the
Moon’s gnomonic shadow, and a commentary on
Sangamagrama Madhavan’s Venvaroha. It is
likely that he also wrote the anonymous
Uparagavimsati.

It will not be an overstatement to say that
Acyuta Pisarati was the last great astronomer of
premodern Kerala. Although his successors
refined the existing theories at different times,
never again was so original a contribution as the
reduction to the ecliptic made in the region before
the arrival of modern education.
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Agriculture in Africa

Agriculture in Africa

Paul Richards

According to the philosopher Hegel, Africa was
the inert mass around which the history of con-
sciousness pivoted in its journey from East to
West. Even today one still encounters the view
that sub-Saharan Africa is exceptionally back-
ward in science and technology, and has no indig-
enous intellectual history worth the name. Judged
by the conventional standards of modernity, e.g.,
statistics on literacy and education, Africa does
indeed seem a “backward” continent; but against
this we must consider the crucial part played by
the African savannas in the story of human evo-
lution; human intellectual development was
shaped by challenges set by the African environ-
ment. The legacy is still perhaps apparent in the
continent’s exceptional linguistic diversity and
an enduring facility among its peoples for coping
with severe environmental challenge. Until
recently, however, African indigenous knowl-
edge of environmental resources has failed to
register in conventional histories of science and
technology, due in large part to the distinctive
resource endowments and consequent agrarian
history of large parts of the continent.
Population density, historically, has been low
over much of sub-Saharan Africa, and was
depressed further by the slave trade and the wars
and epidemics associated with colonial conquest.
This has meant an emphasis (contrary to the trend
of agrarian history in Asia) on land-management
strategies that efficiently deploy scarce labor, but
in settings ill-suited to plough agriculture or
mechanization (contrary to experience in Europe
and North America). In place of labor-intensive
leveling, drainage, and installation of irrigation,
for example, African cultivators typically have
sought to make use of diverse soil and land con-
ditions as they find them. This requires emphasis
on what might be termed ‘“mix-and-match”
approaches, e.g., maintaining different animal
species in the pastoral herd, selecting a range of
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crop types adapted to different soil and land con-
ditions, using different crop types in the same
field (inter-cropping), or by ingenious dovetailing
of a complex and varied portfolio of productive
activities (hunting and gathering, shifting cultiva-
tion, tree-crop cultivation).

This emphasis on versatility above specializa-
tion has been of particular importance in those
extensive tropical regions in sub-Saharan Africa
blighted by insect-borne disease (notably malaria
and sleeping sickness), climatic irregularities,
poor soils, and lack of irrigation opportunities.
Here, characteristically, human groups tend to
invest heavily in the social “software” of agrarian
relations rather than the “hardware” of technology
and land improvement. Groups facing periodic
drought may prefer to devote attention to the coop-
erative social relations that sustain an “optimal
foraging strategy” rather than tie up large amounts
of labor in costly land improvements such as irri-
gation systems. In an outright disaster social
investments are portable, but land improvement
is fixed and may have to be abandoned.

The knowledge and mental attitudes that sup-
port versatility among hazard-prone resource
users do not lend themselves readily to the writing
of conventional history of technology. Historians
whose ideas have been formed against a back-
ground of more steadily evolving agrarian tech-
nological traditions in Europe and Asia have been
at times tempted to conclude that African agri-
culture is deficient in technical expertise. Local
knowledge tends to be regarded as makeshift and
perhaps even irrational. Shifting cultivators and
pastoralists, more anxious to meet the next chal-
lenge than celebrate past achievements, may have
unwittingly reinforced these misperceptions. For
Mende rice farmers in Sierra Leone several “tra-
ditional” techniques are colonial innovations - the
local notion of tradition is simply “something that
works.” Sometimes, sensing potential damage to
a good practical skill from wordy rationalization,
African resource users may even seek to deny that
they know anything useful about the topic under
discussion. Outsiders end up perceiving a techno-
logical void where none exists.

Many schemes were set up during the colonial
period to assist African farmers to climb across

31

these imagined gaps in what was thought to be a
fixed ladder of agro-technological progress.
Colonial reformers concentrated at first on Euro-
pean innovations such as sickle and plough, only
to be beaten back by African preferences for
panicle selection in harvesting as a means to
maintain the varietal distinctiveness of planting
materials, or for the hand hoe as a superior means
to maintain soil physical quality under difficult
tropical climatic conditions. Later, it was sup-
posed that Asia was the proper yardstick against
which to measure the backwardness of African
agrarian technology, and first steps were taken to
transform African agriculture according to Asian
experience. This culminated in efforts in the
1970s and 1980s to replicate the Asian Green
Revolution in Africa, using fertilizer-responsive
high-yield crop types under intensive manage-
ment. Asia-to-Africa technology transfer repeat-
edly foundered on the issue of labor. Innovations
for Asian farmers needed to be labor-absorbing,
but for African farmers (not threatened, histori-
cally, to anything like the same extent by popu-
lation pressure on land) labor-efficiency was
often the criterion of greatest relevance.

During the colonial period in Africa a signif-
icant minority of long-serving agricultural offi-
cers came to appreciate that rural people did in
fact have a considerable fund of valid practical
knowledge of agriculture and the environment.
This coincided with the rise of scientific ecology
and related disciplines during the 1930s and
1940s; foresters, economic botanists, soil scien-
tists, and veterinary officers were particularly
active in recording African indigenous knowl-
edge of agriculture and the environment, and in
drawing parallels between these local concepts
and emergent ideas in ecology and related disci-
plines. Perhaps the single most striking of these
instances is the letter to the scientific journal
Nature in 1936 by the Tanganyika-based soil
scientist Milne, proposing the concept of the
soil catena as a regularly recurring chain of soil
types controlled by topography. African soils
tended to be very old, and showed the influence
of underlying rock types much less than in
Europe. The concept of soil catena, by emphasiz-
ing topography and downplaying the role of
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geology, provided a much better guide to the way
the soils had formed, and to how African farmers
typically used their soils. Throughout the tropical
zone, but especially where seasonal variations in
rainfall distribution are most marked, farmers
secure food supplies during the preharvest hun-
gry season and spread their labor burdens by
systematically planting up and down slopes, care-
fully matching different crops or crop types to the
different soils within the catenary sequence. The
catena rapidly became established as a basic
organizing concept in tropical soil science
throughout the world; Milne’s letter to Nature
makes clear its African roots by using the
Sukuma terms employed by local farmers to
categorize the different soils within the chain.
This is in stark contrast to earlier official think-
ing about land systems on the other side of the
continent, in Sierra Leone. After famine in 1919,
caused not by local agricultural incompetence but
the loss of harvest labor resulting from the influ-
enza that tracked colonial troops to their homes
from the battlefields of Europe, the colonial gov-
ernor Wilkinson sought (as he thought) to trans-
form Sierra Leonean rice farmers from being
shifting cultivators farming rain-fed up lands
into permanent cultivators of irrigated valley-
bottom lands along Asian lines. Moving local
farmers from the tops to the bottoms of their
valley slopes was for Wilkinson a shift of epochal
proportions, through which the “ignorant”
African would be able to catch up a 1,000 years
of agrarian technological history in a matter of a
few years. The official of the Madras Department
of » Agriculture in India employed by the Gov-
ernment of Sierra Leone to set things in motion
requested to be sent home after nearly 2 years
working with local farmers, on the grounds there
was little if anything he could teach them that
they did not know already, and that in any case
they obtained better yields from similar resource
endowments than farmers in Madras. However,
the belief that there was something decisive about
a shift from upland to valley-bottom farming sur-
vived into the modern period, and received a new
boost from the example of the Green Revolution
in the 1960s. This insistent categorical contrast on
“uplands” and “wetlands” remains in stark

Agriculture in Africa

contrast to local farmers’ knowledge and practice
in which seed types and labor resources are
invested up and down catenary sequences, and
across the upland-wetland divide, according to
circumstances. Standing on the boundary
between the rain-fed and water-logged soil types
in their farms, Sierra Leonean peasants repudiate
any gap between themselves and more technolog-
ically advanced farmers in Asia, and see instead
only an opportunity for flexible adjustment to
changing conditions. Recently, mathematicians
have begun to provide formal tools with which
to grasp the fuzzy logic that underpins this kind of
cognitive flexibility, typical of African indige-
nous knowledge of environmental resources.

Rice farming on the western coast of West
Africa is of considerable antiquity, and based on
the domestication of the African species of rice
(Oryza glaberrima). Due to contacts arising from
the slave trade we have quite rich documentary
sources concerning indigenous agricultural knowl-
edge for this part of Africa at an early date, includ-
ing a number of accounts from the seventeenth and
eighteenth centuries specifying the way in which
farmers matched planting materials to different
soils, so spreading labor peaks and minimizing
preharvest hunger. Today, rice farmers in the
region continue to research this relationship when-
ever they encounter new material (e.g., accidental
introductions, or new types that arise as spontane-
ous crosses). This knowledge of and interest in
management of crop genetic resources is wide-
spread in Africa, and is perhaps the single most
important aspect of the legacy of indigenous agro-
technological knowledge on the continent. Today
it is threatened by social dislocation (including the
effects of warfare) and agricultural modernization
(including the spread of modern cultivars and
labor-efficient harvesting technology).

African contributions to crop biodiversity
management have been undervalued in the past,
with some exceptions, because several of
Africa’s indigenous food crops are not widely
known elsewhere (e.g., Digitaria millet in West
Africa, teff in Ethiopia, and finger millet in east-
ern and central Africa). Vavilov recognized the
Ethiopian Highlands as a major center of crop
biodiversity, but a number of important crops
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originating in Africa are scattered more widely
(e.g., African rice, white yam, sorghum, and oil
palm). Greater recognition is still needed for the
historical role played by Africa’s farming
populations in identifying, shaping, and conserv-
ing these genetic resources. In this context it is
interesting to note the systematic efforts made
by Thomas Jefferson in the 1790s to establish
African rice in the United States. Jefferson was
convinced that the hardy dryland cultivars
selected and maintained by West African farmers
would help reduce some of the health problems
associated with rice farming in the coastal zone of
South Carolina, and had a cask of upland rice
imported from the coast of what is today the
Republic of Guinea for distribution among inland
planters in South Carolina and Georgia. Earlier,
South Carolina rice planters had shown a prefer-
ence for slaves from the coastal rice-growing
regions of West Africa, and it is possible that
the tidal-pumped wetland rice cultivation sys-
tems of the tidewater zone drew upon African
technological expertise in this field. Historical
examples such as these help correct the erroneous
notion that the transfer of agricultural knowledge
and technology between Africa and the rest of the
world has been a one-way process.

During a period of aggressive modernization
of African agriculture following the end of colo-
nial rule the work of documenting and under-
standing African systems of resource knowledge
and management, begun by ecologically oriented
technologists in the colonial period, was kept
alive only by a handful of enthusiasts. Special
mention should be made of African pioneers
such as George Benneh in Ghana and Uzo
Igbozurike in Nigeria. However, interest in local
knowledge systems expanded enormously in
the 1980s and 1990s, after the failure of many
“high-tech” schemes to promote rapid change in
African agriculture. A number of agricultural and
other scientists now see indigenous knowledge as
a resource for orthodox science (farmer experi-
mentation attracts particular attention). Recent
studies have highlighted the specialist knowledge
of Africa’s women farmers, pointed to the com-
plex ways in which indigenous technical knowl-
edge of the environment is bound up with social
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relationships of production and consumption, and
drawn attention to local knowledge in biodiver-
sity conservation. The ratification of an interna-
tional convention on biodiversity, adopted by the
United Nations’ Rio de Janiero Conference on
Environment and Development in 1992, gives
indigenous agricultural knowledge a new visibil-
ity, and status in international law. Questions of
ownership and preservation of Africa’s abundant
legacy of indigenous knowledge now attract
attention, though some concern has been
expressed that this might serve to ossify such
knowledge, and reduce its practical utility.
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Agriculture in China

Francesca Bray

China is a vast country covering roughly the area
of Europe. Because much of it is steep mountains
or fragile grasslands, only about 10 % of China’s
total area is suitable for farming (see Online
resources for some useful maps). However, inten-
sive patterns of land use, increasingly refined over
the centuries, sustained high levels of population
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and production throughout much of the imperial
period. The modernization of farming in the West
has characteristically involved increasing the size
of farms or managerial units while substituting
machines or other industrial products for human
labor. In China the process was reversed: farms
and equipment became smaller and inputs of
human skills intensified. There is a fierce debate
among historians as to how this long-term trend
should be interpreted. Some see it as a “techno-
logically blocked” system, incompatible with the
emergence of capitalism, in which farming fam-
ilies had to work ever harder for smaller returns.
Others argue that the farming system of China
and the rural manufactures and commercial net-
works that grew up around it constituted a flexible
and dynamic economic system which not only
generated internal prosperity, but played a key
role in stimulating and shaping the emerging
global economy of the modern world (see
BOX). The unusual quantity of agricultural trea-
tises and economic or policy documents that have
come down to us from the imperial era help fuel
and complicate this important debate as to
whether “modernity” is a Western or a worldwide
phenomenon. In either case, the current social and
environmental critiques of contemporary
“productivism” and of the problems generated
by industrial agriculture suggest the value of
looking more carefully at such alternative paths
to development as the progressive intensification
of land-use typical of Chinese agriculture.

China has several different farming regions,
ranging from the chilly plains of the Northeast
where the main food crops are soybeans, sor-
ghum, spring wheat, and corn, to the lush tropical
gardens of Hainan Island where the year-round
growing season allows constant cropping, includ-
ing two crops of rice (Bray, 1984, pp. 9-27;
http://www.luptravel.com/worldmaps/china39.
html). Broadly speaking, however, China has two
distinct farming traditions that correspond to cli-
matic zones. North China has sparse and irregular
rain that falls mostly in the summer; the winters are
long and cold. The uplands of the interior are
formed of thick deposits of fertile loess; over the
millennia the Yellow River has eaten away at the
primary loess and deposited it as silt on the alluvial
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plains downstream. The main constraints on agri-
cultural productivity in the Northern region are the
relatively short growing season (between 5 and
8 months) and the lack of water. It is seldom
possible to grow more than one crop a year.
The typical crops are those which do well with little
water: millets, wheat, sorghum, cotton, and beans.

From the Yangzi plains south, the climate is
semitropical. Rainfall is much heavier and spread
throughout the year. As a result much of the
natural soil fertility has been leached away, but
irrigated rice fields counteract this effect. They
build up their own fertile microecology that
allows the same field to produce two or even
three harvests a year, depending on the latitude.
The growing season ranges from 9 months to year
round. Rice is the staple, grown everywhere in the
Southern zone: other important crops are winter
wheat, maize, sweet potato, sugar, tea, and cotton
along the Yangzi.

The distinction between a Northern and a
Southern tradition has its roots in prehistoric
times. The earliest Chinese farming villages date
from the sixth millennium BCE, much later than
those of the Fertile Crescent. Archaeologists used
to consider that farming diffused throughout the
Old World from that single center; the current
evidence suggests however that within China itself
there were at least two independent centers of plant
domestication. At the 5000 BCE Neolithic site of
Banpo, in the loesslands of Northwest China, the
dryland crop of Setaria millet was grown (Bray,
1984, p. 434). The village of Hemudu, built in the
marshes near the mouth of the Yangzi at the same
period, grew large quantities of wet rice (Bray,
1984, p. 481). Though some archaeologists believe
they have now discovered evidence of domesti-
cated rice in sites in Central and Southern China
dating back as far as 10000 BCE (An, 1999), most
of the early evidence for farming in China is no
earlier than Banpo or Hemudu.

Land was a scarce resource from very early
times. Unlike the pattern of development in the
West, where capital was invested in draft ani-
mals, equipment, and machines to substitute for
labor, in China the historical trend was towards
increasing the productivity of land through the
application of skilled labor and cheap small-scale
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inputs. With one or two rare exceptions, econo-
mies of scale did not apply. The roots of this
relationship between land, population, and labor
developed very early in China’s history.

From the sixth to the fourth centuries BCE,
several states battled for control of all China; the
states with most men to fight and most grain to
feed them emerged as victors. A fiscal policy
based on peasant contributions of grain, textiles,
and services became the norm. A strong state was
one with a large population of skilled farmers. As
a political philosopher of the third century BCE
put it: “Therefore it is said:” Where a hundred
men farm and one is idle, the state will attain
supremacy; where ten men farm and one is idle,
the state will be strong; where half farms and half
is idle, the state will be in peril.“ This is why
those, who govern the country well, wish the
people to take to agriculture’ (Shangjun shu,
trans. Duyvendak, 1928, p. 191). This remained
the basic view of Chinese statesmen through the
unification of the empire in 221 BCE right up to
the end of the Maoist era. For over 2,000 years
officials encouraged farming and took an active
role in developing and diffusing knowledge and
techniques. They fostered labor-intensive peasant
farming and tried to control the accumulation of
land in the hands of the rich. Successive medieval
regimes confiscated land from the wealthy and
redistributed it to peasants to ensure that it pro-
vided a livelihood for as many people as possible.

In part this intensity of land use was made
possible by the particularities of Chinese farming
systems. No arable land was wasted. There were
few pastures in China proper. The main sources
of animal protein were pigs, poultry and fish, and
draft animals (oxen and mules in the North, water
buffalo in the South) grazed on rough land
(Fig. 1). The practice of fallowing seems to
have died out as early as 2,000 years ago in
parts of North China. Crop rotations alternated
soil-enriching crops like beans with cereals; all
human and animal waste was composted and
returned to the fields. Medieval states in the
North allocated approximately 6 acre of land to
support a family. Land was even more intensively
used in the South. By the seventeenth century,
some fields in the South produced two crops of

Agriculture in China, Fig. 1 Water buffalo and
herdboy. The sound of the herdboy’s flute echoing up
some distant valley was a common element in Chinese
poetry, but here the agronomist Wang Zhen (see below) is
illustrating the flute as one of the indispensable imple-
ments of a rice-farming household. Wang Zhen, Nongshu,
Ming edition of 1530, 13/7a

rice and another of tobacco or vegetables each
year. In the early twentieth century families in the
most densely populated regions lived off under a
tenth of an acre of rice land.

The tax system meant that improving agricul-
ture was a key concern in Chinese state policy
from the very beginning (Wong, 1997, p. 90), and
many of the most important works on agriculture
were written by members of the official elite in
their capacity as civil servants (Fig. 2). Imperial
compilations and works by civil servants aimed at
a readership of local officials who would pass on
the information to the farmers under their juris-
diction. They tended to stress practical details of
husbandry, including innovations that could be
introduced, and they emphasized subsistence pro-
duction. Other works, written by landowners who
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Agriculture in China, Fig. 2 Wang Zhen wrote his
agricultural treatise of 1313 after service as magistrate in
both Northern and Southern provinces; he hoped his work
would help disseminate advanced technology and
improved techniques. He begins with a section on the
importance of official encouragement of farming. This
included not only practical but also symbolic measures

ran their own farms, were written for fellow land-
owners; these works usually included discussions
of labor, prices and estate management (Bray,
1984, pp. 47-80) (Fig. 3).

The earliest extant agricultural treatise
belongs to the second category. It is entitled
Qimin yaoshu (Essential Techniques for the Peas-
antry); the author, Jia Sixie, completed its ten
volumes in around AD 535 (Bray, 1984,
pp- 55-58). It describes the agriculture of the
dry regions of the Yellow River plains. Perhaps
its most striking features are the detailed descrip-
tions of how careful and repeated tillage tech-
niques (different depths of plowing, sowing
with a seed-drill, harrowing and hoeing, all tech-
niques requiring the use of several oxen or mules)

such as the New Year imperial plowing ceremony, where
the emperor plowed a ceremonial furrow before the Tem-
ple of the God of the Soil in order to ensure good harvests
throughout the empire. In this highly stylized rendering,
an emperor of ancient times is shown holding the strut of a
plow to the left of the picture (Wang Zhen, Nongshu,
7/4a-b)

were used to conserve soil moisture in a dry
climate, and crop rotations were used to increase
fertility. We can reconstruct much of the equip-
ment mentioned by Jia from somewhat earlier
tomb paintings, as well as archaeological discov-
eries of huge state iron foundries from the first
century AD, that mass-produced cast iron plow-
shares, moldboards, and the iron shoes of seed-
drills. Together with Jia’s numerous citations
from earlier Northern works, this evidence con-
firms that the Qimin yaoshu represented the cul-
mination of a long Northern tradition of
productive estate farming that was dependent on
large acreages and heavy capital investment in
equipment and draft animals. It was a form of
centralized estate farming that peasant farmers
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Agriculture in China, Fig. 3 The harvest feast held by a
landlord (shown seated right in front of his family altar)
for his tenant farmers (Bianmin tuzuan, 1593 edition, 1/8a)

could not afford or compete with (Bray, 1984,
pp- 587-97). The Qimin yaoshu was the last of the
great works focused on the Northern system.
Repeated wars and invasions ravaged the
Northern plains in medieval times. In the eleventh
century the loss of the North to the Khitan finally
established the Yangzi region as the political and
economic center of Song dynasty China. The
estates of the Northern aristocrats disintegrated,
and as under-equipped peasant farmers did their
best to scratch a living from a few acres of dry
soil, the North became a backward region com-
pared to the fruitful South. Migrants flooded into
the Southern provinces from the North, and the
state sought to encourage more productive agri-
culture by every possible means. Irrigation works
were improved, seeds were handed out, informa-
tion distributed, and cheap loans and tax breaks
offered — the scope was similar to the Green
Revolution of the 1970s, as was the impact on
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Agriculture in China, Fig. 4 Varieties of tools for
weeding rice fields depicted by Wang Zhen. On the top
left is a simple rake. The hinged rake at the right was a new
invention from the lower Yangzi which Wang described
with great enthusiasm, hoping that it would relieve
farmers of much back-breaking work going through the
young rice on their hands and knees. The “weeding claws”
at the bottom were made of » bamboo and helped farmers
grub up weeds at the roots (Nongshu 13/27-29)

production (Bray, 1986; Elvin, 1973). One par-
ticularly fruitful venture was the introduction of
quick-ripening rices from Vietnam that allowed
rice farmers to double crop their fields, alternat-
ing winter wheat or barley with rice.

Several important agricultural works were
published during the Song, but the landmark of
the period dates from the Yuan (Mongol)
dynasty. In 1313 Wang Zhen published a
Nongshu (Treatise on Agriculture) several hun-
dred pages long. His aim was to describe local
innovations so that they could be adopted else-
where (Bray, 1984, pp. 59-64). He included
detailed woodblock illustrations of farming
tools (Fig. 4), machinery (Figs. 5 and 6),
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Agriculture in China,
Fig. 5 Silk-reeling
machines typical of
Northern China (below)
and the Yangzi region
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(above). Rural women
produced almost all the silk
thread and much of the silk
cloth in circulation at the
time when Wang Zhen was
writing, but later silk
weaving moved into
suburban workshops where
most of the workers were

men (Nongshu 22/26a—27b)
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irrigation equipment (Figs. 7 and 8), and various
types of terraced or dyked fields that permitted
the extension of farming into mountainous or
marshy lands (Figs. 9 and 10). The treatise
depicts a system of family farming in which
poor peasants with little capital invested inten-
sively in labor, skills, and low-cost inputs. This
was the farming system that formed the basis for
the commoditization and expansion of the rural
economy in succeeding centuries (Bray, 2000,
pp. 25-41).

Wang Zhen’s Treatise was the paradigm for
later works, including imperial compilations and
the magisterial Nongzheng quanshu (Complete

Treatise on Agricultural Administration) by the
statesman Xu Guangqi, completed in 1639.
Xu was a polymath and Christian convert who
served for some years as Grand Secretary of
China. The Nongzheng quanshu advocates a bal-
ance between the production of essentials (cereals
for food and fiber crops for textiles) necessary for
the health of the central state, and cash crops and
handicrafts that would ensure a prosperous rural
economy. Xu was also preoccupied with popula-
tion pressure and the need to expand the arable
area and improve yields; he devotes long sections
of his treatise to land reclamation and improved
irrigation techniques, to his own experiments
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Agriculture in China, Fig. 6 Spinning wheel for making
cotton yarn. When Wang Zhen was writing in the early
fourteenth century, cotton was just beginning to replace
other vegetable fibers as the most common everyday cloth,
and Wang provides copious documentation about the
techniques and equipment involved. Nongshu 25/6b

with manures and commercial fertilizers such
as lime and bean cake, and to crops like sweet
potatoes that can be grown on poor land (Bray &
Métailié, 2001).

Landowners wrote a number of other works in
the Southern tradition. In striking contrast to the
Qimin yaoshu, however, the landowners them-
selves farmed only a few acres and rented the
rest out to tenants. The main criteria for selecting
a suitable tenant were his skills and experience,
and his assiduity at work; capital assets were not a
consideration as they would have been for a con-
temporaneous English capitalist landowner. The
main difference between landowner and tenant
lay in the ownership of land; it did not extend to
differences in the scale of the farm, or in the range
and size of equipment (Bray, 1986, pp. 113-119).
In this highly intensive and skilled farming sys-
tem there were no economies of scale, and any-
one who owned more than an acre of rice land
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would seek a tenant to farm the surplus. If levels
of agricultural expertise were reckoned simply by
the complexity of farm machinery or by levels of
capital investment, then the farming methods of
the eighteenth and nineteenth centuries might be
reckoned a decline from those of 800 years ear-
lier, for as average farm size diminished many
peasants abandoned animal-drawn implements in
favor of hand tools. However, if we look at the
productivity of land, we see a different picture.
Improvements in water control, in fertilizing
(Fig. 11), in the spacing of plants and the breed-
ing of varieties enabled China’s peasant farmers
to increase the total output of crops at a rate that
kept up with population growth until about 1800
(Li, 1998a, 1998b; Perkins, 1969). This intensive
small-scale farming also supported a diversified
rural economy of small industries and handicrafts
that fed into national and international trade net-
works (Bray, 2000; Daniels, 1996; Gardella,
1994; Marks, 1998; Mazumdar, 1998; Pomeranz,
2000; Rawski, 1972) (Figs. 12 and 13).

The great inventions of Chinese agriculture
are anonymous, the collective achievements of
peasants recorded by servants of the state. Many
important innovations occurred in the densely
populated heartlands where pressure on land
was most intense. There has been a tendency for
Chinese historians past and present to assume that
political and technical superiority went together,
and that the Chinese taught civilization to the
barbarians. However, several features crucial to
Chinese high farming came not from the center
but from the periphery. The technique of
transplanting rice, fundamental for the develop-
ment of intensive wet farming, was practiced by
Thai-speaking populations in the Canton and
Tonkin regions when they were conquered by
China 2,000 years ago (Bray, 1984, p. 279). Ter-
raced fields probably spread northwards into
China from Vietnam and Yunnan, reaching the
Yangzi region by the fourteenth century (Bray,
1984, pp. 123-26). Tea was introduced from
Tibet and Western Sichuan some time before
the eighth century (Smith, 1991). The techniques
of cotton cultivation and processing were intro-
duced to the Lower Yangzi from Hainan Island
around the thirteenth century (Kuhn, 1988).
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Agriculture in China, Fig. 7 Chain pump operated by
two men. These light, portable pumps could be made quite
easily by local carpenters and they would be moved from

field to field as each needed irrigating or draining (Wang
Zhen, Nongshu 19/7a-b)
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Agriculture in China, Fig. 8 Water-driven chain pump.
Water mills were an essential element in medieval
Chinese industry, as they were in Europe, and Wang
Zhen also illustrates water mills of the kind used to

power millstones, the bellows for metal foundries, and
multiple trip hammers for fulling cloth or mixing clay
for potteries (Nongshu 19/11a-b)
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Agriculture in China, Fig. 9 A large sluice across a river, with irrigation channels leading off into padi fields

(Nongshu 19/2a-b)

Although there was no indigenous develop-
ment of experimental agricultural science or
engineering, Western agronomists found much
to admire in traditional Chinese farming in the
early twentieth century, particularly its careful
husbandry and sustainability. Also traditional
agronomic strengths such as crop breeding, have
allied fruitfully with modern science. For exam-
ple, Chinese geneticists used their vast range of
local rice varieties to develop the first semi-dwarf
high-yielding indica strains in the 1960s, several
years before “miracle rices” were released by the
International Rice Research Institute in the Phil-
ippines (Harlan, 1980).

Extra: Chinese Agriculture and the
“Great Debate”

Until recently comparative historians of econom-
ics or of science and technology tended to treat
non-Western civilizations like China (or the
Islamic world, or the Mayan empire) as failed or
blocked systems. The most interesting question to
ask about them was: Why did they fail to follow

the European pattern of historical progress to
industrialization, capitalism and modernity?
Even Joseph Needham, who dramatically
documented so many fundamental contributions
of Chinese civilization to early science and tech-
nology, believed that China’s creativity and inge-
nuity ground to a halt in about 1400. Needham
was inclined to blame this on the mindset of the
governing elite (“bureaucratic feudalism”).
In 1973 Mark Elvin published a highly influential
study in which he argued that the problem lay
primarily with the technologies and organization
of production, beginning with farming and the
associated system of household manufactures.
Unlike in early modern Europe, Chinese land-
lords and merchants saw no reason to invest in
new technology in order to increase production or
profits because smallholder farmers and house-
hold manufacturers, who were already highly
productive, were always able to raise output a
little more by increasing the family’s inputs of
labor. Elvin argued that by about 1400 or 1500
this system of small-scale commodity production
had reached a point of technical stagnation and
diminishing returns to labor, an “involutionary”
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Agriculture in China, Fig. 10 A polder (protective
dyke) surrounding a block of rice fields reclaimed from
swamp or the shallows of a river. Drainage channels run
through the middle, and houses nestle among the willow

system or “high-level equilibrium trap” that pre-
cluded indigenous transformation and encour-
aged overpopulation, impoverishment and the
devastation of the environment. Only the forced
confrontation with the modern Western powers in
the nineteenth century offered China the oppor-
tunity to break out of this trap (Elvin, 1973).
In the mid-1980s Philip Huang began to elaborate
on Elvin’s analysis and on Chayanov’s theories
of peasant self-exploitation through the lens of
farm management and market participation, to
lay out a theory of late imperial China’s “growth
without development” (Huang, 1985, 1990; see
also Goldstone, 1996).

Since the late 1990s a revisionist trend has
come to prominence, stimulated by scholarship
that has reconsidered the roots, nature and trajec-
tories of the Industrial Revolution in the West.
Jan de Vries’ concept of “industrious revolution”
suggests close parallels between early modern

trees planted along the high surrounding dykes (This illus-
tration from 1742 is based on an original in Wang Zhen’s
Nongshu. Shoushi tongkao, 1742 edition, 14/5b)

Europe, China and Japan. de Vries (1994) argues
that between roughly 1550 and 1850 households
in northwestern Europe steadily increased their
working hours and allocated more of their labor to
specialized production for the market. This was
not “involution,” however, for they freed time for
this work by purchasing some goods that they had
previously made for themselves. The profits they
made by their sales allowed them to purchase
more consumer goods. Though they sacrificed
some leisure hours, this brought them higher liv-
ing standards. Historians and social theorists
including André Gunder Frank (1998), Bin
Wong (1997, 2003), and Ken Pomeranz (2000,
2003) have argued that this was also true of much
of China through the late imperial period.

A slightly different angle is taken by historians
whose research suggests that sometimes
increased farming output was achieved without
additional labor. There were a range of
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Agriculture in China,
Fig. 11 Fertilizing the rice
seedlings in the nursery bed
before transplanting
(Gengzhi tu, Yongzheng
imperial edition of 1742,
1/8b)
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improvements in farming technology that did not
involve labor-saving machinery per se yet made
it possible to raise farming output without
increasing labor inputs (Bray, 1986; Li, 1998a,
1998b; Shiba, 1998). The steady expansion of
inter-regional or international trading networks
allowed growing numbers of rural households to
specialize in commercial production while buy-
ing food and other necessities on the market
(Daniels, 1996; Gardella, 1994; Marks, 1998;
Mazumdar, 1998), and government policies for

monitoring and regulating grain distribution and
prices helped reduce the risks of such market
dependence (Hamilton & Chang, 2003; Marks,
1998; Wong, 1997). Local specialization was
another factor that could raise output without
necessarily leading to involution.

The revisionist historians stress that until at
least 1800 China was the world’s chief producer
and exporter of manufactured goods. It was trad-
ing from a position of strength: from the sixteenth
well into the eighteenth century, three quarters of
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Agriculture in China,
Fig. 12 Sugar mill with

vertical rollers, depicted in
Song Yingxing’s technical
treatise on crafts and

industries Tiangong kaiwu

of 1637. This type of mill
had apparently come into
use in the chief sugar-
exporting regions of China,
namely the Southeastern
provinces of Fujian and
Guangdong, shortly before
Song wrote his book. Song
describes a variety of
sugars, some for internal
trade and some for export to
Europe (Tiangong kaiwu,
1637 edition, 6/2a-b)

ca

Agriculture in China, Fig. 13 Picking cotton. A group
of young women is hard at work, while a granny and a
little boy, helpfully carrying a wicker basket round his
neck, look on. This is from a short illustrated work written

by the Provincial Governor of Zhili (the Beijing region) in
order to encourage rural women to take up cotton produc-
tion. Wood block print of 1808 based on the original
painting of ca. 1765 (Shouyi guangxun: 1/14b—15aBox)
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all the silver produced in the world ended up in
China (Atwell, 1998; Brook, 1998; Flynn, Frost,
& Latham, 1999). Not only was China a key actor
in generating the economic configurations of
world trade that catalyzed the rise of the modern
West (Arrighi, Hui, Hung, & Selden, 2003:
Frank, 1998), but life expectancy and living stan-
dards of rural households in around 1800 com-
pared favorably with those in the most advanced
regions of Western Europe at the time
(Pomeranz, 2003). Hamilton and Chang (2003)
go so far as to claim that from as early as 1500
China should be thought of as
consumption society. Moreover, many of the
revisionist scholars argue, early modern China’s
political, social and economic institutions were
not inherently incompatible with or antagonistic
to industrial capitalism, nor even to today’s
global capitalism: the legacy of the late imperial
era is clearly visible in China’s national and
international reflorescence today (Arrighi et al.,
2003; Hamilton & Chang, 2003).

The debate continues to rage, and given the
patchy nature of the data both for Europe and for
China it is likely to continue to seethe for some
time. Often we find strong disagreements over the
interpretation of the same data. In his magisterial
new study of China’s environmental history, for
example, Elvin (2004) presents levels of defores-
tation in 1800 as proof that population growth and
path-driven technologies had trapped China into
a situation where it was probably more environ-
mentally degraded than northwest Europe at the
same time, while Pomeranz (2003) represents
what he sees as roughly similar levels of defores-
tation in France and China around 1800 as a
triumph of the Chinese political economy and
its sustainable resource use.

The critical rethinking of the long-term logics
of economic and technological development
which we see in the revisionist scholars’ work
clearly owes much to the questioning of “master
narratives” in postcolonial theory and critical
studies of science and technology. Social and
environmental critiques of  productivism,
together with new models of productive effi-
ciency that emphasize decentralization, smaller
scale and flexibility, provide a broader

a mass-
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intellectual context for these new perspectives
on the achievements or shortcomings of the impe-
rial Chinese agrarian economy, as does China’s
meteoric rise as an economic and industrial pow-
erhouse since the economic reforms of 1979.

See Also

Food Technology in China
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Chinese Sources

Bianmin tuzuan (Collection of pictures for the conve-
nience of the people) fH [ [E %, 1st ed. 1502, attr.
Guang Fanii¥%. Modern annotated edition with fac-
simile of 1593 woodblock illustrations, edited Shi
Shenghanf7 % and Kang Chengyi HERZE, 1959.
Rpt. in Beijing, Agriculture Press, 1982.

Chaosheng T3] 4:, (Ed.) (1995). Wang Zhongguo gudai
gengzhi tu " BT LA B (Farming and weaving
pictures in ancient China). Beijing, China: China Agri-
culture Press,

Gengzhi tu ¥F% 8. (1995). (Ploughing and weaving illus-
trated), a series of scroll paintings and poems
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presented by Lou Chouti¥# to the emperor in 1145;
repeatedly reproduced in woodblock editions and
stone engravings over the centuries, see Wang
Chaosheng.

Shi Shenghanfi %% & Kang Chengyil ik, (Eds.).
(1982). Bianmin tuzuan{# [C[# £ (Collection of pic-
tures for the convenience of the people), attr. Guang
Fanjii}%. Beijing, China: Agriculture Press,
(ms completed 1959).

Nongshut# (Agricultural treatise), Wang Zhen F1,
preface 1313. The edition cited here, which includes
the earliest surviving illustrations from 1530, is Wang
Yuhu 1981.

Nongzheng quanshu F2E{ 4 (The complete treatise on
agricultural administration), Xu Guangqi &Y
HX, ed. Chen ZilongPl F#E et al., 1639. The edition
cited is Shi Shenghan 1979.

Qimin yaoshu?5 [SE#  (Essential techniques for the
peasantry), Jia Sixie B ¥, c. 635; the edition cited
is Shi Shenghan 1957.

Shi Shenghanf7 %1%, (Ed.) (1957). Qimin yaoshu jinshi
PR EH A (A modern translation of Qimin
yaoshu). Beijing, China: Kexue Press, 4 vols.

Shi Shenghanfi &%, (Ed.) (1979). Nongzheng quanshu
B2 (The complete treatise on agricultural
administration). Shanghai, China: Guji Press, 3 vols.

Shoushi tongkao ¥ZWFil~5. (1742). (Works and days),
comp. E’ertai’sh #§ 2%, presented to the throne.

Shouyi guangxun ¥ZAK . (1960). (Expanded instruc-
tions on producing clothing). Woodblock edn. of
Mianhua tuf#ffElE  (Pictures of cotton), Fang
Guancheng 5 #i7K, presented to the Qianlong emperor
in 1765 with additional poems and comments. Wood-
blocks carved under the direction of Dong Gao®# it
and presented to the Jiaqing emperor in 1808.
Facsimile ed. Zhongguo gudai banhua congkan 1
A # T, vol. 4. Beijing, China: Zhonghua
Press.

Tiangong kaiwuX 1.4 (The exploitation of the works
of nature), Song Yingxing KMER, 1st ed. 1637.
Ed. cited: Shanghai, China: Commercial Press,
Guoxue jiben congshu jianbian B3] £ 35 % 3 35 i 4
series, 1936.

Yuhu E#i#, (Bd.) (1981). Wang Wang Zhen Nongshu T
K2 (The Agricultural Treatise of Wang Zhen).
Beijing, China: Nongye Press, (manuscript completed
1966).

Some Online Resources

Another useful online source for maps of China and its
contemporary provinces, with good information about
regional history, contemporary economics, climate,
agriculture, cuisine, etc., is the Web site of the South
China Morning Post, the Hong Kong English-
language newspaper: http://china.scmp.com/map/

China Facts and Figures provides useful statistics on
contemporary agriculture in its section on “Economy”’;
the English-language Web site for 2003 is http://www.
china.org.cn/english/eng-shuzi2003/
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For brief accounts of Chinese history from its origins up to
1988, try http://www-chaos.umd.edu/history/toc.html

http://depts.washington.edu/chinaciv/ is the Web site of
the Visual Sourcebook of Chinese Civilization, pre-
pared by the social historian of China Patricia Buckley
Ebrey, with the assistance of Joyce Chow, Lenore
Hietkamp, Kevin Jensen, Robert Lin, Helen
Schneider, Cyndie-Lee Wang, Kim Wishart, Cong
Zhang and Lan Zhang. The project was funded by the
National Endowment for the Humanities, the Freeman
Foundation and the Chiang Ching-Kuo Foundation.
The Web site provides useful historical timelines and
geographical background, and it presents the main
periods of Chinese history from the Neolithic up to
the present by selecting two key themes (such as
tombs, or calligraphy, or weapons) for each period.
The illustrations (maps, photographs and art works)
are excellent. As good background for the history of
agriculture in China, under “Geography,” “Land”
(http://depts.washington.edu/chinaciv/geo/land.htm)
you will find a series of maps showing topography,
climate, etc. If you follow through to “China proper”
and then to “Outer China,” among the photographs you
will see images of the farming landscapes typical of
China’s regions, and of typical crop plants and farming
techniques (plowing, transplanting rice with a
machine, picking tea, herding).

On contemporary economic issues concerning Chinese
agriculture, see the UC Davis site http://aic.ucdavis.
edu/research1/chinaeconomics.html

The Food and Agriculture Organization (FAO) webpage
on China http://www.fao.org/countryprofiles/index.
asp?lang=en&ISO3=CHN is an excellent source for
a wide range of studies and statistics on contemporary
agricultural issues in the People’s Republic of China,
including themes like sustainable development. It also
offers a useful set of interactive maps which include
maps showing elevation, slope, precipitation, length of
growing period and major environmental constraints
as well as more conventional maps of political bound-
aries, population, communications, etc.

Agriculture in India

R. K. Arora
New Delhi, India

The Harappan culture related to the earliest agri-
cultural settlements in the Indian subcontinent is
dated between 2300 and 1700 BCE. The crops of
the Harappan period were chiefly of West Asian
origin. They included wheat, barley, and peas.
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Of indigenous Indian origin were rice, tree cot-
ton, and probably sesame. Rice first appeared in
Gujarat and Bihar, not in the center of the
Harappan culture in the Indus Valley. There is
some rather doubtful evidence that African crops
were also grown by the Harappans. There is a
record of sorghum (jowar) from Sind and
Pennisetum (bajra) from Gujarat. The earliest
record of the African cereal, Eleusine coracana
(ragi) is from Mysore, about 1899 BCE. The
Southeast Asian crops of importance to India
are sugar-cane and banana, and they both appear
in the early literary record. Crops of American
origin include maize, grain amaranths, and
potato. The dating of the introduction of maize
is uncertain, the characteristics and distribution
of some forms being such as to lend support to the
view that they reached India in pre-Columbian
times. Crops of the Indian subcontinent have
influenced the agricultural development of
ancient Egyptian, Assyrian, Sumerian, and Hit-
tite civilizations through their early spread to
these regions of the Old World. The Buddhists
took several Indian crops and plants to Southeast
Asian countries, and there was much early
exchange of plant material with Africa. The
Arabs distributed crops such as cotton, jute, and
rice to the Mediterranean region in the eighth to
tenth centuries AD. There was also a reciprocal
exchange of several New World domesticates.

Agriculture Today

India is characterized by a wide variety of cli-
mates, soils, and topographies. It is rich in bio-
diversity and a seat of origin and diversification
for several crop plants such as rice, millets,
pigeon pea, okra, eggplant, loofah, gourds,
pumpkin, ginger, turmeric, citrus, banana,
tamarind, coconut, and black pepper. Because
India is ethnically diverse, traditional agricul-
ture is still practiced in many places. There are
about 100 million operational holdings, and the
country has over 20 % of the world’s farming
population.

India has different ecosystems such as irri-
gated, rain fed, lowland, upland, semideep/deep

Agriculture in India

water, and wasteland. Agriculture is primarily
rain fed (rain dependent); it supports 40 % of
the human population, 60 % of cattle, and con-
tributes 44 % to the total food production. Owing
to differences in latitude, altitude, variation in
rainfall, temperature and edaphic diversity,
great variety exists in crops and cropping
patterns.

There are two important growing seasons in
India: the Kharif or the summer season, espe-
cially important for rice; and the Rabi or the
winter season in which major crop grown is
wheat. The Kharif crop is primarily rain depen-
dent, and the Rabi is relatively more reliant on
irrigation. The Kharif/rainy season cropping pat-
terns include major crops such as rice, sorghum,
pearl millet, maize, groundnut, and cotton. The
Rabi/winter season cropping patterns include
important crops like wheat, barley and to some
extent oats, sorghum, and gram/chickpea. Mixed
cropping is also practiced, especially during the
kharif season. Pulses, grain legumes, and oilseeds
are grown with maize, sorghum, and pearl millet.
Brassica and safflower are grown mixed with
gram or even with wheat. Under subsistence
farming, on small holdings, mixed cropping pro-
vides food security and is consumption oriented.

India is the major producer of a number of
agricultural commodities including rice, ground-
nut, sugar-cane, and tea. Food grains constitute
roughly two-thirds of the total agricultural out-
put. These consist of cereals, principally rice,
wheat, maize, sorghum, and minor millets. India
is the second largest producer of vegetables next
to China. Mango accounts for almost half of the
area and over a third of production; banana is the
second largest and is followed by citrus, apple,
guava, pineapple, grape, and papaya. Of nonfood
cash crops, the most important are oilseeds espe-
cially groundnut, short staple cotton, jute, sugar-
cane, and tea.

Owing to improvements in recent years there
has been widening of inter-regional disparities in
agricultural production and productivity. Regions
such as the north and north-west and the delta
regions of peninsular India have prospered under
assured irrigation, but dryland and semiarid
regions have not done so well.
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The map of Indonesia suggests a high diversity in
types of agriculture. The archipelago has count-
less different islands that stretch out over thou-
sands of kilometers from east to west, above and
below the equator. It has a rich biodiversity and
the techniques the people developed to benefit
from the natural environment have distinct fea-
tures on each of the islands. Despite all this diver-
sity, some clear patterns can be detected, based
on three major factors. The first is the monsoon
climate that divides the year into a dry and wet
season with an overall high precipitation of
roughly 1,700-3,000 mm in the lowlands and to
over 6,000 mm in the mountainous regions. The
combination of high rainfall and, for tropical
conditions, not excessively high temperatures
throughout the year creates a favorable climate
for many different crops. The geology and eleva-
tion of the landscape is a second factor. The
islands are positioned on the edges of different
tectonic plates, resulting in vast mountain areas
with a high number of (active) volcanoes. The
eruption of volcanic ashes and the erosion of
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volcanic rock can create fertile ground for agri-
culture. In cases where volcanic sediment makes
favorable soil conditions, people have used the
topography to exploit this natural fertility. Such
conditions are typically found on Java and Bali
and some other smaller islands or parts of bigger
islands. The bunded rice field (sawah) is a catch-
ment for eroded sediments brought along by
water from rivers and streams coming from the
mountains. The Indonesian people constructed
sawahs wherever possible but mostly in the low-
lands on Java and on the hillsides, forming the
now famous terraced landscapes of Bali. In most
of the other main islands, these favorable condi-
tions are found much less often. The availability
of rice as a staple crop is a third determining
factor. Rice was and is the main food crop in the
entire archipelago. The only exceptions are the
eastern areas, mainly the Moluccas and Western
New Guinea, where sago, a starchy substance,
was processed from the soft interior of palms,
primarily the species Metroxylon sagu. It is likely
that these communities survived for long periods
of time solely on a combination of arboricultural
techniques supplemented with hunting. This
implies a reliance on the rainforest without addi-
tional agricultural techniques for (semi-) perma-
nent crop production (Ellen, 2004). In all other
places, the domestication and cultivation of rice
formed the core around which many agricultural
techniques developed.

The climatic and geological conditions pre-
dominantly found on Java and Bali have resulted
in a domestication process of rice that is specific
for this region. Asian rice (Oryza sativa) has two
main subspecies (or varietal groups): indica and
japonica. The latter varieties typically grow in
more temperate climates but are also found in
tropical areas. In Indonesia a morphologically
distinct group of these tropical japonicas has
developed, commonly known as javanica or
bulu in the local language (Vaughan, Lu, &
Tomooka, 2008). The most visible characteristic
of the bulus are seeds with long awns (bristle on
top of seed). Characteristics that mattered most
for farmers are lower sensitivity of these varieties
for drought, variation in day length, intensity of
sunlight, and transplanting time. These latter
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characteristics also make these varieties have a
longer growth duration, the time between sowing
and ripening. The yield potential of indica varie-
ties is better on poorer soils, but this was not an
issue for the better soils of Java, Bali, and similar
places. The characteristics of the bulus allowed
farmers to be more flexible in sowing,
transplanting, and harvesting of rice, resulting in
an overall high labor productivity. Moreover,
there was a wide range of bulu varieties available
to farmers. Rice, an inbreeding crop, usually pro-
duces very few natural crosses but outcrossing is
relatively high in the bulu group. Farmers
selected the spontaneous crosses and observed
their performance in a mix and match strategy
to optimize yields under different field condi-
tions. In fields with less advantageous soil and
water conditions, as mostly found on mountain
slopes, indica varieties were preferred. Early
colonial writers acknowledged the varietal diver-
sity of rice on Java and other islands, but only in
the early twentieth century did agronomists rec-
ognize bulus as a different subspecies and came
to understand its role in farm cultivation strate-
gies and techniques (Maat, 2001). The domi-
nance of bulu varieties on Java and similar
places gradually disappeared in the twentieth
century. Improved irrigation infrastructure intro-
duced by Dutch engineers facilitated two rice
crops per year. As a result, indica varieties, hav-
ing a shorter growth duration, came to dominate
(Van der Eng, 1994). Colonial rice breeders tried
to maintain some of the favorable characteristics
of bulus through crossbreeding with indica vari-
eties. One of the successful lines of these crosses
was taken up in the 1960s by the International
Rice Research Institute to develop the fertilizer-
responsive variety IR8 that was massively intro-
duced in Indonesia in the early years of the green
revolution. The productivity levels realized for
rice in the twentieth century using science-based
technologies thus built on a much longer process
of intensification set in motion by the Indonesian
farmers.

The combination of specific rice varieties and
climatic and geological conditions that domi-
nated Java and Bali over, most likely, several
millennia played a major role in the economic
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prosperity and contributed to a high population
density in these islands. Although archaeological
evidence of early times is sparse, inscriptions
from about the ninth century testify the presence
of large and prosperous communities across the
islands (Wisseman Christie, 2004). The prefer-
ence for bulu varieties makes clear that the high
labor productivity in agriculture in these areas is
not merely an effect of a fortuitous natural envi-
ronment but involves tested strategies and tech-
niques to optimize intensive wetland rice
cultivation with various other forms of crop pro-
duction in the wet monsoon season and the dry
season. The control of land by local communities
was left untouched by state formation that came
together with the introduction of Hindu and Bud-
dhism, followed later by Islam, creating social
structures that favored the intensification of agri-
culture. The presence of different religions tes-
tifies frequent interactions with mainland
Southeast Asia, India, and other regions. Inten-
sive regional trade relations and global connec-
tions since early colonial settlements implied the
introduction of new agricultural crops and the
distribution of crops and crop varieties across
the Indonesian islands. From about 1,500, rice
was no longer the single source of carbohydrates
(Boomgaard, 2003). Communities could thus fur-
ther grow as the new crops allowed them to
expand their agricultural activities on soils less
suited for rice. Colonial trade relations also were
an incentive to produce crops that were initially
produced solely for distant markets but became
fully integrated in the local economy and diet.
Coffee, introduced on Java by the Dutch in the
early eighteenth century, is just one example.
The wealth of the Javanese and Balinese states
and subsequent emphasis of colonial administra-
tions resulted in a much wider availability of
sources about agriculture on these islands com-
pared to other places. This correlates with an
overall bias in early colonial history that depicts
the farming systems on Java and Bali as most
advanced and exemplary for a development tra-
jectory other islands inevitably had to follow. In
these evolutionary projections, the sago cultures
in the east are typically portrayed as most prim-
itive. In between are agricultural practices known
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as shifting cultivation and semipermanent forms
of agroforestry. These types of farming dominate
in the mountainous and forested areas of Suma-
tra, Kalimantan (Indonesian Borneo), and Sula-
wesi. They require a variety of different
techniques, mainly felling, clearing, and burning
of a piece of forest for the cultivation of annual
crops. Farming these fields for one up to three
harvests is typically combined with planting
perennial shrubs and trees, collecting forest prod-
ucts, and hunting. This is either practiced in a
cyclical pattern by mobile communities or in
more sedentary forms that combine the cultiva-
tion of permanent fields with clearing additional
pieces of forest for temporary or permanent use.
Except for the eastern sago cultures, rice is the
main staple and the first crop to be sown after
clearing. Similar to more permanent rain-fed
upland fields (tegal), other crops are grown in
between or immediately after the rice crop and
later crop introductions further diversified these
systems. The representation of the various forms
of agroforestry as more primitive and necessarily
to be replaced by permanent agriculture on the
basis of sawah rice fields is partly a colonial
projection of developments on Java where
shifting cultivation was commonly found but rap-
idly declined over recent centuries. Moreover, a
late and overall low presence of administrators
and researchers on Sumatra, Kalimantan, and
Sulawesi resulted in low and superficial informa-
tion about these farming systems. More profound
and nuanced understandings emerged from
recent anthropological and historical research
(Dove, 1985a; Henley, 2011). However, the neg-
ative bias against shifting cultivation must be
understood primarily from colonial economic
and political interests on these islands that con-
tinued in similar forms in the policies of Indone-
sia after independence (Dove, 1985b).

The introduction of cash crops for global mar-
kets, set in motion by early colonial explorations,
rapidly expanded after the 1860s and profoundly
changed the agricultural landscape on various
Indonesian islands. The colonials introduced
large estates, managed by European private com-
panies and made productive with large numbers
of contract laborers. Indonesia became a major
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supplier of agricultural produce for international
markets. In the first half of the twentieth century,
Java dominated the international market for the
antimalarial quinine and had a highly productive
cane sugar sector. Sumatra tobacco became a
brand name in Europe and oil palm and rubber
estates supplied the Western industries. The late
colonial plantations were in many respects for-
eign introductions. Earlier, larger plantation-like
farms were present on Java and some other
islands, mainly for coffee, tea, spices, and sugar-
cane, but those were mostly managed through
contracts with local rulers who arranged commu-
nity farm labor for the delivery of the products.
The modern estates were run by European capital
investments, and imported tools and machinery.
Laborers were recruited from other islands and
outside Indonesia. In Sumatra, Kalimantan, and
Sulawesi, these enterprises stood in sharp con-
trast with the shifting cultivation practices of the
local farmers, leading to continuous tension and
frequent conflicts. A zone of intensive plantation
production is the northern region of Sumatra.
There, the land hunger of the European enter-
prises and differences between colonial and
local land rights were the source of an ongoing
struggle over land ownership and borders (Pelzer,
1978). Likewise, the recruitment of tens of thou-
sands of laborers from outside Sumatra, working
on the estate lands and processing the products
for low wages under harsh conditions, not only
implied a long-fought battle over labor conditions
but also confronted the colonial administration
with issues over settlements for the workers,
land rights, health, and social order
(Stoler, 1985).

It is no surprise that the soils in the forested
regions of Sumatra, Kalimantan, and Sulawesi
are suited for tree crops like rubber and oil palm
or shrubs producing pepper or fibers. With mar-
kets in reach, local farmers eagerly adopted these
crops as an additional and often main source of
income. This leads to an extensive smallholder
production of these industrial crops in subsequent
decades. Unlike the estate monocropping,
farmers integrated the cash crops in their shifting
cultivation practices. The technique had several
advantages, for example, a reduced disease
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pressure, leading to low production costs and
good-quality produce. Moreover, the variety of
crops grown in the local systems made the
farmers much less vulnerable to price fluctuations
of cash crops. This, for example, resulted in a
prosperous smallholder rubber production on
Borneo (Dove, 1993). The competition with plan-
tation production and the rivalry over land and
forest products, the latter resulting out of colonial
forest management and timber production, moti-
vated a negative assessment of the shifting culti-
vation practices. In addition, the large inflow of
contract laborers and the growth of urban trade
centers like Medan (Sumatra) resulted in a grow-
ing dependency on rice imports. This was a gen-
eral concern for the colonial administration,
coming to a climax in the late 1910s when access
to overseas markets became vulnerable due to
World War 1 and harvest failure in the immediate
postwar seasons. The plantation companies and
the colonial government, assuming that farmers
on Sumatra were ignorant about growing rice
properly, experimented with mechanized rice
schemes and set up a migration program to trans-
fer Javanese farmers to Sumatra, expecting they
would bring their intensive rice-growing systems
with them (Maat, 2014). The ill-informed colo-
nial policies thus worked against rather than stim-
ulated the skillful practices of the farmers and
their capacity to include new crops, techniques,
and methods into their farming systems.

There are no records of early local scientific
accounts of agriculture, although connections
with India and mainland Asia, witnessed by the
Hindu and Buddhist influences, in combination
with early state formation, may have produced
systemized knowledge of agriculture by admin-
istrators. The earliest written records of agricul-
ture were part of botanical investigations from
naturalists who were recruited by the Dutch East
India Company (VOC). The emerging colonial
state and scientific explorations from the early
nineteenth century resulted in a growing number
of descriptions of many different parts of the
archipelago. The reports include detailed
accounts of crops, crop varieties, cultivation
practices, and related cultural events and festivi-
ties. By the late nineteenth century, specialized
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agricultural research became institutionalized in
private experiment stations, the botanic garden in
Bogor, and further developed from the first
decade of the twentieth century under the colo-
nial Department of Agriculture (Boomgaard,
2006; Maat, 2001). With few exceptions, all
these studies were written in Dutch. Although
much of the investigations were targeted at cash
crops, there was also a substantial set of studies
into Indonesian agricultural technologies and
practices. In particular the colonial agricultural
extension service that employed Dutch and Indo-
nesian agricultural experts produced a substantial
number of studies of the farming techniques,
tools, and production methods in different
regions. A substantial number of these agrono-
mists challenged the common view of a backward
and irrational farming community, showing that
local strategies and techniques made sense given
the environments in which the farmers worked.
Their argument to experiment with innovations
that build on the local techniques rather than
introducing Western examples resonated well
with similar criticism on the introduction of
Western technological models in the late twenti-
eth century (Maat, 2011). The recent concerns
about the environmental impact of agriculture,
climate change, and dependency on fossil fuels
may foster a renewed attention for the techniques
and methods farmers have employed and
improved over the ages in the variety of ecolog-
ical settings the Indonesian archipelago has to
offer.
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The land in Japan has distinctive characteristics
which make it suitable for plant production, being
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influenced by favorable ecological conditions.
Because of this, intensive agriculture with
paddy rice has been the basis of most economic
activity over the last 2,000 years, and the people
stayed predominantly agricultural until recently.
However, Japan has since been transformed into
a heavily industrialized society with a remark-
ably rapid growth of its economy after the Second
World War. Now the Japanese have almost aban-
doned their traditional food culture, which
depends on rice plus other supplemental grain
foods, diverse vegetables, mountain plants, and
sea products. They have instead been paying
large amounts of money in order to incorporate
Westernized fatty and protein-rich foods from all
over the world into their cuisine. Rice consump-
tion has decreased dramatically in the last half
century, and the daily intake of nutritious foods
such as meat, milk, and other dairy products has
increased remarkably, leading to a high demand
for luxury foods. Within the Japanese agricultural
sector, only rice is produced to the level of
national self-sufficiency, while only 50 % of the
products derived from animals — themselves
raised by concentrates (feed grains) which are
nearly 100 % imported — is supplied domestically
(Table 1).

The early postwar effort to increase the pro-
duction of food to meet national requirements
actually led to a serious problem from around
1960, when the Japanese economy as a whole
began to boom and agriculture began to decline.
Rice cultivation narrowly survives with increased
abandonment of agricultural fields and deteriora-
tion of sub-natural environments which the
Japanese people had created over the past 2,000
years. The present situation with Japanese agri-
culture is the degradation of the rich, green nature
of the country that people had long admired as
Mizuho-no-kuni (the land of vigorously growing
rice plants).

Influential Trends of Geography and
Climate in Japanese Islands for Farming

Japan is a typical island country expanding along
the far eastern edge of the temperate Asian
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Agriculture in Japan, Table 1 Domestic supply, importation, and domestic demand of various foodstuffs in Japan®

(A) 2012°

Domestic Self-

supply Imported sufficiency
Products (in 1,000 t) |(in 1,000t) |(%)
Rice 8,692 848 91.1
Wheat 858 6,578 11.5
Barley 172 1,896 8.3
Soybean 236 2,727 8.0
Vegetables | 11,974 3,302 78.4
Fruits 3,027 5,007 37.7
Milk 7,608 4,191 64.5
Beef® 514 722 41.6
Pork® 1,295 1,141 53.2
Broiler® 1,457 736 66.4
Hen’s egg’ | 2,507 123 95.3

(B) 1962° Increasing
ratio of

Domestic Self- demand in

supply Imported sufficiency 1962-2012
(in 1,000 t) |(in 1,000t) |(%) (A/B)
13,009 182 98.6 0.72
1,631 2,490 39.6 1.80
1,726 0 100.0 1.20
336 1,284 20.7 1.83
12,245 16 99.9 1.25
3,387 245 93.3 221
2,526 357 87.6 4.09
153 4 97.5 7.87
322 0 100.0 7.57
155 0 100.0 14.15
981 0 100.0 2.68

“Demand and supply table of agricultural products; Ministry of Agriculture, Forestry and Fishery, Japan

®In carcass weight
“In fresh body weight
9In sold amount

continent. The Japanese archipelago covers a vast
sea area including 6,852 islands that extend from
subtropical Ishigaki (24°N, 124°E) to the north-
ernmost point of Hokkaido at Wakkanai (46°N,
142°E). It shows diverse landscapes and meteo-
rological conditions, but most of the area has a
temperate, oceanic climate. The total land area is
less than 380,000 km? (only one-thirtieth of the
territory of China), and the four main islands of
Hokkaido, Honshii, Shikoku, and Kytshii are
dominated by steep mountains that often reach
to 1,000 m or even more above sea level. Because
of mountainous nature of the islands, the amount
of flat land suitable for cultivating crops is less
than 15 % of the total area of land (Table 2).

In spite of its more or less cold winter, Japan
benefits from a longer warm season and yearlong
rainfall mostly above 1,000 mm per year (Fig. 1),
both of which are indeed useful for high-yielding
crop cultivation, particularly for paddy rice.
However, the climatic condition also accelerates
harmful weed generation that disturbs pure stand
formation of cultivated crops. The generally
warm, moist climate (almost similar to tropical
forests during summer seasons), which provides
high organic produce, has led to vegetation with
forests spreading throughout the archipelago.

These geographical features present Japanese
farmers with a difficulty in scale economy of
their farming and force them to do continual
hard work in almost all the seasons to improve
yield potential per unit area.

Delayed Start of Paddy Rice Agriculture
and Its Remarkable Growth from the
Very Beginning

In spite of its rich potential for crop production,
the actual start of paddy rice cultivation did not
occur until several thousand years after its origin
in the Yangtze River basin in the nearby Asian
continent. Around 2,400 years ago, when the
Jomon Period (ca. 10, 000 BCE — 400 BCE; this
period was dominated by hunting and gathering
characterized  with  straw-rope  patterned
[=jomon] pottery) was declining, the arrival of
new immigrants from the continent brought tech-
niques for paddy rice cultivation with their own
cultivars. As the Yayoi Period (ca. 400 BCE—ca.
300 CE, so-called from the place in Tokyd where
the new type potteries were first unearthed)
started, it replaced the lifestyle based on hunting
and gathering with one based on the cultivation of
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Agriculture in Japan, Table 2 An abstract of land size,
vegetation, and agricultural land use in Japan

Area Ratio
Item (km?) (%)
(A) Total land size of Japan® | 377,960 100.0
Hokkaido 83,457 22.1
Honshi 231,121 61.1
Shikoku 18,793 5.0
Kytisht 42,194 11.2
Okinawa (Rytikyt 2,277 0.6
Islands)
(B) Total arable lands® 45,490 12.0
Those used for paddy 24,690 6.5
rice®
(C) Forests® 244,616 64.7
(D) Grasslands® 22,337 5.9

AStatistics Japan (2014)

bAgricultural statistics (2013)

“Mostly seminatural grasslands. Green census, Japan
(1983)

“In general, Honshii (=Main Province) is geographically
divided into five regions, i.e., Tohoku, Kantd, Chiibu,
Kinki, and Chaigoku (see Fig. 1)

rice supplemented with various crops. Because
irrigation techniques had been rather primitive
and not as sophisticated as in China when the
rice culture was introduced, swampy areas along
mountain streams and basins were primarily used
for cultivation. Indeed, wooden farm implements
such as hoes and spades were already very
popular for working with improved japonica-
type rice varieties together with preparing and
transplanting skills of rice seedlings (a lot of
transplanted rice stubbles were traced at various
archeological sites of the Yayoi Period). It looks
as if Japanese agriculture had been consistently
staying at an intensive and labor-consuming
nature since its origin.

Soon after the introduction of paddy rice in
northern Kytishii around the fourth or fifth cen-
tury BCE, paddy rice production and its associ-
ated technology began to spread eastward into
Shikoku Island and Kinki region (the southern
Honshil near present Osaka) where the Yamato
Court later gained supremacy over all of Japan.
Atleast 2,000 years ago, they arrived in the Kanto
region (areas around today’s Tokyd) and subse-
quently moved toward north into the Tohoku
(northern Honshii) region. Large Yayoi remains
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of paddy fields discovered at Taruyanagi in
Aomori Prefecture at the northernmost end of
Honshii (42°N) demonstrate that the diffusion
of rice cultivation was very rapid and took
only several hundred years at most, despite a
large distance and different climates between
northern Kyiishii and northernmost Honshi.
Through experiments, Sato (1992) has endeav-
ored to show that domestically improved
thermosensitive cultivars, which ripened quicker
and earlier, were probably responsible for this
rapid progress of rice cultivation in cooler areas.

Development of Farming System in
Ancient and Medieval Ages

Although the traces of upland rice and other mis-
cellaneous grain cultivation were detected in var-
ious archeological sites of late Jomon Periods, the
beginning of the Yayoi Period should be thought
of as the real dawn of agriculture in Japan.
Because of the surplus production of introduced
paddy rice agriculture, it soon brought about
social arrangements with class distinctions.
Remains at the Yoshinogari archeological site in
northern Kytsht demonstrate that the agrarian
society of that time tightly created the construc-
tion of circular trenches protecting against their
enemies and had a state-like political structure in
which social stratification became clearly visible
(Fig. 2). A Chinese history book in the second
century CE noted long-lasting disturbances
among tiny tribal countries in western Japan
struggling for supremacy among their districts.
A much higher technology for agriculture
developed in the subsequent Kofun Period
(ca. 300-700 CE; Kofun refers to ancient tomb
mounds prepared for central and local rulers).
Social and technological progress came with the
introduction of advanced iron implements (those
hoes, plows, and spades led to deeper soil tillage),
maintained waterways, reservoirs, canals, and the
orderly planting of rice, all of which resulted in
higher yields and the further expansion of arable
land. These developments were probably accom-
panied by a change from using stone knives to
clip off the progressively developed panicles of



56

Agriculture in Japan

JFMAMIJ J ASOND

.

S

J FMAMIJ I ASOND

Okinawa
(Ryaky Islands)
e

av

Agriculture in Japan, Fig. 1 Regions and climates of
Japanese Archipelago — seasonal changes of mean air
temperature (°C, —e—) and precipitation (x 10 mm, =)
in various locations from Hokkaido to Okinawa. Average
of past 30 years from 1981 to 2010 was shown (Statistics

genetically diverse rice population to using
sickles to harvest the aboveground parts of genet-
ically identical crops with their heads attached.
Through these developments, the Yamato
Court finally held supremacy over rival countries
and was able to carry out social, economic, and
political reforms known as the Taika Reform
(Taika is the name of the era between 645 and
650 CE, which was first recorded in Japan) that
in the

of Japan 2014, Ministry of Internal Affairs and Commu-
nications). Months below 0 °C were excluded in the case
of Sapporo (Outline map is delivered from the website of
CraftMAP. http://www.craftmap.box-i.net/)

ancient empire of China. In 701, the legal system,
known as Ritsuryd (Criminal and Civil Laws),
was established to govern the whole country
except for Hokkaidd (which was not yet Japanese
territory). Under the Ritsuryd system, canal
improvements, reclamation of new paddy fields,
and rezoning of regular-size fields were all
planned by the central government in an effort
to significantly increase agricultural production.
However, the Japanese people did not develop
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Fig. 2 Yoshinogari
Archeological Site in Saga
Prefecture, North Kytisha.
The site was first excavated
around 1990, and a wide
area of state-like
settlements that developed
in the Yayoi Period became
apparent through a series of
investigations

customs for raising livestock and poultry for con-
sumption because Buddhism became the official
religion in the eighth century. Since then, they
depended greatly on rice as their main food and
supplemented it with various other grains and
plants with the occasional addition of fishes.
These characteristics of farming and cuisine that
date back to the period of consolidating central
power in the archipelago continued over the cen-
turies until the beginning of the modern age.

Although the best yields of rice in the Nara
Period (710-794) were supposed to be less than
1,000 kg per hectare (Furushima 1947; just
one-sixth of the present yield in Japan), that fig-
ure was surprisingly high when compared to
yields of wheat in England during the same
period (Evans 1975). The introduction of rice
was also advantageous for efficient food supply
at the time because it required basically no
fallowing of fields when they were regularly fer-
tilized and properly maintained. Thus the paddy
rice farming which originated at early Yayoi
Period led to a steady increase of population
size, in parallel with steady development of cul-
tivation techniques and further expansion of
paddy rice fields. In the Nara Period, the official
record noted more than five million citizens in
Japanese territory (Kitd 2000; cf., about 70,000
people were estimated to live in the latest Jomon
Period [Habu 20041]).

Governmental power under the Ritsury6 sys-
tem, however, began to collapse in the middle of
the Heian Period (794-1192), as private terri-
tories of powerful aristocrats, temples, shrines,
and clans emerged as shoen (manors). As central
rule became weaker and weaker because of the
social changes in the late Heian Period, officials
in district branches and wealthy farmers began to
arm themselves, and their influential leaders
formed bands of warriors known as samurai.
After a long struggle between samurai bands in
various areas, the remaining two most powerful
bands — Genji and Heishi — fought for national
supremacy in the twelfth century. The war fin-
ished with the Genji in power and the beginning
of the Kamakura Period (1192-1333) in which
Japan became to be ruled by a samurai govern-
ment (the first shogunate). In this feudal period, a
relationship developed between lords and vassals
from the samurai class, in which the latter usually
engaged in agriculture and managed their farm-
lands as well as providing military service for
wartime.

The establishment of manors and the intensi-
fication of agriculture in each locality resulted in
a further rise of agricultural output that led to a
second boom in land reclamation for paddy
fields, and surplus agricultural products were
gradually commercialized to create markets in
various regions. Attempts at double-cropping in
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paddy fields first emerged in the Kamakura
Period, probably trying to raise additional winter
harvests in lean years at the beginning. Later it
was established in wider areas (particularly in
western Japan) as a peculiar rotational cultivation
system with rice for the main crop plus wheat,
barley, or rape for the winter crop, which was not
so popular in other East Asian areas.

The increasing economic strength of various
lower classes, however, weakened the central
power of the samurai government and drew
Japan into a period of civil wars in the latter
part of the Muromachi Period (the reign of second
shogunate Muromachi, 1338-1573). Dominant
feudal powers in various regions began fighting
each other in an era known as the Sengoku Period
(1467-1598; Sengoku refers to warring states).
During that time, improving agricultural produc-
tion and expanding arable land were the greatest
concerns for powerful territorial lords (Sengoku
Daimy0; daimyod originally meant “great paddy-
field-owners”) because of the possibility of immi-
nent warfare. They took careful control of paddy
fields in their territories and expanded areas even
in hilly diluvial plains by using the construction
skills they had earned through their preparation
for civil war.

Unique Development of Farming During
Edo Period in the Premodern Age

After taking over the entire country, Hideyoshi
Toyotomi implemented a cadastral survey
(Kenchi) known as Taikd-Kenchi (Hideyoshi
was known by the title of Taikd) from 1582 to
1598. The survey involved measuring each paddy
field, ranking their productivity to assess the tax
base, and registering of individual landowners.
It established the Kokudaka (productivity, koku
being a unit of measurement for rice) system in
which arable lands were legally graded in terms
of average productivity. This brought an end to
the system of direct rule by feudal lords and
determined land tenureship for small-scale
farmers based on nuclear families. Ieyasu Toku-
gawa defeated the Toyotomi family in the Battle
of Sekigahara (1600) and completed the process
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of unifying Japan by establishing a new shogun-
ate. Under the Tokugawa family, Japan in the
Edo Period (1603—-1868) flourished in the Sakoku
(seclusion from other countries) policy, and each
of the surviving Sengoku Daimyd was regulated
by the Shogun (military general) Government
established in Edo (present-day Tokyd).

Because the daimyd could no longer acquire
more territory because of the strict Tokugawa
regulations, the only way that they could expand
their power was to reclaim land or to improve
their fields to get better yields (mainly of rice).
This led to improved irrigation systems within the
big river basins and diluvial tablelands that could
not previously be well controlled and utilized;
they also improved technology for crop cultiva-
tion. The average rice yield was recorded as
nearly 2,000 kg per hectare in the later period.
Hence, political stability and technical innova-
tions in agriculture brought another population
burst in this premodern age, resulting in the dra-
matic increase in a shorter period from
ca. 10 million people counted in late Sengoku to
more than 30 million in the middle of Edo Period
(Kit6 2000). However, this increase soon reached
the ceiling in social stagnation.

Despite the overall developments in agricul-
ture, however, the farmers who got their own
lands through the Taikdo-Kenchi were strictly
restricted to move or even to choose another
livelihood under the tightened feudal system.
Furthermore, a great deal of their harvested rice
was collected by the daimyo as a tax (nengu)
which left the farmers with relatively little rice
and therefore, a spartan existence, particularly in
earlier Edo Period. Under such a severe regime,
and because of it, many farmers made remarkable
improvements in technology for raising field
crops other than rice, especially for those which
were cultivated on upland. Winter harvests from
double-cropped paddy fields were also valuable
fruits for farmers as they were often excluded
from the nengu.

The use of human manure as a fertilizer was
an important development at this time; it was
used for higher production in intensively man-
aged paddy and upland fields. In fact, all of
human feces and urine were carefully collected
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and stored for fermentation by each farmer.
From Edo or some other big cities as Osaka and
Kyoto, most of the “night soil” was transported
to nearby rural areas where cash crop cultivation
was flourishing. It may be said that the Edo
people who lived more than 200 years ago had
almost completed the thorough use of resources
and the technological improvements in
recycling that are informative even for today’s
societies.

In the Edo Period, many books called nasho
(writings on agriculture) were written in various
areas, and some of them were published in xylog-
raphy and distributed widely. Publications to
describe agricultural technology and various
local cultivars contributed to further technologi-
cal improvements and examination of traditional
cultivars. Among others, the most notable work
in the first half of Edo Period was Nogyo Zensho
(Complete Writings on Agriculture, 1697) by the
lordless samurai Yasusada Miyazaki
(1623—-1697) in northern Kyuishi. This book pro-
vided practical instructions based on the author’s
comprehensive knowledge acquired over the
years, while the basic style of the book followed
the famous Chinese Nongzheng Qudnshii
(Complete Book on the Administration of Farm-
ing, 1639) which was written by Xa Guangqi late
in the Ming Dynasty. Miyazaki had long regret-
ted that the life of farmers required hard labor and
low incomes because of their paucity of knowl-
edge about the principles of agriculture (Fig. 3),
so he published information about the available
scientific principles and technology that was eas-
ily put to use anywhere in the country. In a sense,
an original agricultural science, rooted in the
traditional culture of Japan, came into existence
by this work. His book greatly influenced agri-
culture throughout the Edo Period, and it was
reprinted repeatedly over 150 years, almost until
the end of Edo Period.

The Tokugawa shogunate built many roads
which originated in Edo or Osaka in the seven-
teenth century. Various sea routes for shipping
were also established, so an integrated system of
transportation throughout all of Japan was pro-
gressively built with progressive development of
a market economy in the latter Edo Period. In this
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situation, Nagatsune Okura (1768—1860), one of
the most famous scholars of agriculture late in the
Edo Period, wrote many volumes on agriculture
and particularly made efforts to publish various
textbooks about cash crops. He also prepared
manuals on agricultural equipment and wrote
about plant protection. The application of this
knowledge and those techniques resulted in the
prosperous cultivation of rapeseed, cotton, and
other industrial crops in the Kinki region and
the rise of the processing industry near Osaka
that increased the amount of merchandise avail-
able for distribution.

Despite the remarkable growth in productiv-
ity, farming throughout the Edo Period still
depended on human power, and the merit of
scale was hardly found. Although plowing with
draft animals was practiced to some degree in and
around the Kinki region, it did not spread
throughout the country, partly because the tradi-
tional long-soled plows they used were less effi-
cient than hoes for deep tillage in paddy fields to
get a higher yield with a higher level of fertilizer
use. Hence, the labor-intensive cultivation con-
tinued to dominate and relied on specialized hoes
and spades just handled by man power. In his
nosho (An Investigation of Usefulness of Various
Agricultural Tools), Nagatsune Okura illustrated
a diverse range of hoes modified for various pur-
poses or soil conditions (Fig. 4). The intensive
farming system without any convenient machin-
ery had lasted until quite recently, just
supplemented by step-by-step fine tuning of
hand-operated tools.

Another example of prosperous development
of Japanese farming was found in sericulture in
the late Edo Period. A lot of novel techniques
were invented by farmers in various places of
silk production (a ndsho on sericulture written
by devoted sericulturist Morikuni Uegaki
(1753-1808) was even translated into French in
1848 when the country was not opened to the
West yet). Instances included thermal manage-
ment of silkworm development and crossbreed-
ing of various productive strains; both of these
scientific technologies were not well distributed
yet in Western countries of those days. These
technologies developed during the premodern
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Agriculture in Japan, Fig. 3 A rice cultivation calendar
in Edo Period, starting with the field preparation in spring
and ending with the harvest processing in autumn (cited
from the website of National Diet Library, Tokyo). The
illustration was shown at the introduction of Miyazaki’s
famous book — Nogyo Zensho. Farmers had to work very

age later contributed to the further development
of sericulture and silk-spinning industries in fol-
lowing Meiji Period.

Modernization in Japanese Agriculture
After the Meiji Restoration

In the second half of the nineteenth century,
Japan decided to open itself to international rela-
The

hard for the care of growth and maturation of paddy rice
plants from early spring to the middle of autumn without
any vacant days. (a) Preparing rice seedlings and paddy
fields. (b) Carrying seedlings for transplant. (c)
Transplanting seedlings. (d) Taking care of growing rice
plants. (e) Harvesting rice. (f) Processing harvested rice

Tokugawa regime lost its ability to govern effec-
tively, and the feudal system finally came to an
end in 1868. The new government under the
restored emperor declared the beginning of the
Meiji Period (1868—1912) and began to modern-
ize Japan along contemporary Western lines. As
Japan had almost no particular source of revenue
except for agriculture at that time and since 80 %
of the population belonged to the agrarian class,
the collection of land taxes was of great concern
to the new government. Introducing Western
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Okura late in the Edo Period (cited from the website of

Agriculture in Japan, Fig. 4 Various kind of hoes illus-

trated in Nogu Benri Ron (An Investigation on Usefulness ~ National Diet Library, Tokyo). He made a detailed inves-

yatsune  tigation on the variation of different kind of hoes that were
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agricultural technology (Taisei nogaku) was
therefore an urgent project for the government,
which wanted to increase the wealth and military
strength of the country in order to catch up with
European powers and the United States in a short
amount of time.

However, the modernization of Japanese agri-
culture at the outset was not as successful as it
was with industrialization, because the earliest
foreign experts invited into the country simply
tried to bring their own style of agriculture with-
out any modification and did not consider the
different state of affairs that existed between
Japan and their homelands. However, a few Euro-
pean scientists used a different approach to devel-
oping Japanese agriculture by evaluating
traditional technology and knowledge. For
instance, Max Fesca from Germany made a
huge scientific effort at analyzing traditional
Japanese techniques of cultivation, applying
Western technology to suit the needs of Japanese
agriculture, and developing new technology for
practical cultivation. Rono (rond refers to farmers
with outstanding farming knowledge), who had
fully mastered the knowledge and skills of tradi-
tional agriculture that had already been systema-
tized in the Edo Period, also played an important
role in the modernization of traditional agricul-
tural technology and its extension throughout the
country in the late nineteenth century.

In the early twentieth century, Japan had
nearly completed establishing a public system
of education and scientific research based on
Western models with a modernized governing
system. As centralized power became stronger
through and after the First World War, various
research results achieved at institutes and univer-
sities contributed to the remarkable increase in
agricultural production from 1920 to 1940.
Large-scale land innovation and wide distribu-
tion of chemical fertilizers also accelerated the
progress. Studies on the genome of wheat strains
by Hitoshi Kihara, the autumn deterioration of

<
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paddy soils by Matsusaburd Shioiri, and the
selection of the famous Norin No. 10 wheat vari-
ety (Norin is the abbreviation for the Ministry of
Agriculture and Forestry) were all world-renown
accomplishments prior to the Second World War.

Through repeated crossing with various native
cultivars from Mexico, for instance, the Norin
No. 10 later obtained high-yielding dwarf culti-
vars, which increased wheat production in devel-
oping countries dramatically through the “Green
Revolution.” Also pursued was the concept of
“synchronism in tillering and tiller development
in rice, wheat, and barley crops” established by
Tsukuda Katayama, which led to precise technol-
ogy for monitoring the growth and improving the
yield of rice and other grain crops (Fig. 5). In
Western countries, phyllochron (leaf appearance
interval) studies were initiated in the last 40 years
to take precise control of the growth of improved
wheat and other crops. In fact, Katayama and his
students completed the principle of phyllochronic
development of grain crops more than 60 years
ago, although the original studies, written mostly
in Japanese, were hardly read by Western
researchers.

The scientific achievements made before the
Second World War principally contributed to
higher productivity (approaching to the level of
4,000 kg per hectare in case of rice); however, the
farming system still remained unchanged in a
traditional, labor-intensive state for individual
farmers and villages.

Transfiguration of Traditional
Agriculture After the Second World War

Invasive Imperial Warfare against the Allied
Powers throughout the 1930s to 1945 came to
an end with the unconditional surrender of the
Japanese Empire. This defeat gave the Japanese
people an opportunity to replace an autocratic
system with a representative democracy akin to

Y

Agriculture in Japan, Fig. 4 (continued) carefully mod-
ified for various cultivating purposes in various districts.
Top: a comparison of different forms of hiraguwa

(plowing hoes). Bottom: a comparison of the size and
form of each part of bitchuguwa (cultivation hoes)
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Agriculture in Japan, Fig. 5 A schematic illustration
of Katayama’s Concept on tillering regularity in rice,
wheat and barley plants— the synchronism in tillering
and tiller development. Mother shoot (MS), which forms
her leaves in constant interval in any order, generally
bears her daughter tillers regularly in parallel with succes-
sive leaf formation of MS, so that the new tiller appear-
ance at the age of ‘n’th leaf emergence of MS usually
becomes apparent at the leaf axil of n-3 and the new-born
tiller develops further with homologous leaf formation,
resulting in successive increase in leaf number in lower
daughter tillers. Thus the grain crop plant is an integrated
unit of synchronously appeared tillers in various
orders and synchronously developed leaves on synchro-
nized tillers while showing different appearance. In the

those in Western Europe and the United States.
A thorough land reform was undertaken under the
strict regulation of occupying powers, mainly the
United States. The abolition of parasitic landlord-
ism (jinushisei, the system which became domi-
nant very quickly after the Meiji Restoration) and
the creation of independent farmers, mainly from
the ranks of previous tenant farmers, were
achieved in a short time. The newly created inde-
pendent farmers struggled to improve their yields
of rice, even though their small, scattered land-
holdings put them at a severe disadvantage.

In the early postwar period, the most promi-
nent popularization occurring in farmlands was
the almost Japanese original machine called
kounki (cultivator) which reduced the amount of
hard work required from farmers and stimulated
agricultural growth in the first decade after the
war (Fig. 6).

Remarkable progress was also made in the
technical development of farming materials

figure, (A) indicates the top elongating leaf on any time.
(1) in various color denotes the expanded mature leaf
attached to any node () of MS or daughter tillers.
Arrow is the position of the leaf axil with which succes-
sive daughter tiller is subtended. Daughter tillers are num-
bered acropetally with the codes as . . .Tn-5, Tn-4, and Tn-
3, being subtended by ...‘n-5’th, ‘n-4’th, and ‘n-3’th
leaves of MS, respectively. Number noted by each leaf
of daughter tiller indicates the leaf position as counted
from the initial foliage leaf of each tiller. Leaves with the
same color denote the synchronous emergence (and anal-
ogy in size) on different tillers. The Katayama’s Concept
shown above had been very useful tool for developing the
intensive technology in rice plant cultivation in Japan
during the Postwar period

such as pesticides, insecticides, herbicides, and
plastic films used for soil mulching and simplified
greenhouses, all useful for small-scale, intensive
agriculture. Advances in efficient fertilization,
such as topdressing of nitrogen at the
ear-formation stage of rice proposed by Shingo
Mitsui, led to stable, high rice yields as well.
When the farmers achieved an abundant harvest
of 12 million tons of rice grain in 1955, the
government declared that the country was in
“no postwar situation any longer!”

Japan experienced rapid economic growth
from 1955 to 1973, when an international oil
crisis interrupted its progress. The Basic Agricul-
tural Law (Nogyo Kihonho) was enacted in 1961,
when a massive outflow of labor from the coun-
tryside had become apparent, in order to make
farmers economically self-reliant with incomes
about the same as those for urban laborers. The
law concentrated on improving the productivity
and efficiency of labor in agriculture through
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Agriculture in Japan, Fig. 6 Kounki, innovative
cultivators that were intensively refined during the early
postwar period in order to improve labor efficiency in
small-sized fields that were usually covered with heavy
wet soils. The improved machines achieved the easier and

Agriculture in Japan,
Fig. 7 Improved rice
transplanter in action in
paddy rice fields of a part-
time farmer that owns 3 or
4 ha of land. Those part-
time farmers normally
complete routine tasks in
3 or 4 days during holidays
in early May (Photo taken
by Mutsuyasu Ito)

mechanization; the government did in fact suc-
ceed in improving agricultural labor productivity.
Thus, rapid economic growth after the Second
World War improved the standard of living for
farmers — much more quickly than had been the
case in Europe — and they have been relieved of a
lot of heavy labor by such machines as four-

quicker farming practices in labor-intensive agriculture,
relieving farmers who had previously been forced to work
(A scene showing students from Hokkaidd University,
1976. Photo taken by Michiaki Ito, Niigata University.
Used with his kind permission)

harvesters (Figs. 7 and 8, both being Japanese
originals) as well as various unique farming
tools useful for Japanese intensive agriculture.
However, the changes also created a serious
inconsistency for the existence of traditional agri-
culture, which had been progressively systema-
tized during the hundreds of years of farmers
struggle. The double-cropping system with rice
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Agriculture in Japan,
Fig. 8 A rice combine
harvester in action to
harvest the yield of well-
ripened rice crop, being
easily operated by an aged
farmer. Rice harvesting,
which was once one of the
most labor-intensive
farming activities, is now
usually completed by low
number of

workers — around one
person/hectare/day or less
(Photo taken by Mutsuyasu
Ito)

and winter crops, almost a Japanese original tech-
nology, is indeed disappearing now.

The population of farmers, in consequence,
decreased dramatically to about 3.3 % (in 2014,
they are mostly above 60 years old) of the Japa-
nese total work force in the past half century, and
most of them are now living as part-time farmers
dependent to a large extent on other industries.
In the meantime, Japan has been simply exhorting
the agricultural sector to be efficient economi-
cally; hence its output of such crops as wheat,
barley, soybeans, and buckwheat gets beaten in
international competition. Rice cultivation now
narrowly survives harvesting ca. 8 million tons
every year but is preferentially dependent on
being located in optimal environments as well as
the official policy of protection. The current,
apparently irreversible trend foreshadows the
increasing abandonment of agricultural land
usage, further alienation of seminatural environ-
ments, and the inevitable decline of Japan’s orig-
inal agricultural practices and traditions which
had been developed over almost two millennia.
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Agriculture in South and Central
America

Karl H. Schwerin

Conquest of South and Central America by the
Spanish and Portuguese in the sixteenth century
was rapidly followed by the introduction of Old
World crops. These included both those familiar
to European farmers, such as wheat, barley, oats,
and many temperate vegetables and fruits
catering to European food tastes, as well as trop-
ical crops from Africa and Asia, such as bananas
and plantains, sugar cane, and rice. At the same
time many American crops were carried to the
Old World — the most important being maize,
potatoes, manioc, beans, and squash.

From the time of conquest to the present, agri-
culture in this region has been dichotomized
between small-scale subsistence farming and
large-scale monocrop operations producing for
profit. Their development is summarized here.

Some native agricultural methods continued,
such as » swidden agriculture in temperate and
tropical forested regions, field cultivation with
the foot plow in the Andes, and intensive
chinampa agriculture in central Mexico. Other
techniques such as terracing declined, or as with
raised fields, disappeared altogether. The small
farmers incorporated some European crops as
staples — wheat in Mexico (principally among
mestizo farmers), barley in the Andes, onions,
cabbage or collards almost everywhere. Bananas
and plantains spread rapidly throughout the tro-
pics. Agricultural technology continued much as
before contact, perhaps because it was appropri-
ate to traditional agriculture which, though small-
scale, was highly productive.

Although early colonial institutions such as the
encomienda, corregimiento, and repartimiento
were designed to exploit native labor and mineral
resources, they also produced surplus foodstuffs to
support the European population, mining, and
colonial administration. As native populations

America,

in South and Central
Fig. 1 Cachama. Bananas and manioc in a morichal
field, Cachama, Venezuela. Drained field in a moriche

Agriculture

swamp, Karinya Indians. Karl

H. Schwerin)

1962 (Photo by

Spanish and Portuguese immigrants. Some were
cultivated dilatorily, but others were transformed
into plantation enterprises producing sugar,
tobacco, cacao, indigo, or cochineal (a red dye
obtained from the crushed dried bodies of female
cochineal insects, used to color food and drinks
and to dye fabrics) (also cattle, sheep, and horses)
which soon supported a lucrative trade with the
home country. Most plantations were dependent
on slave labor. Sugar, consumed raw or distilled
into aguardiente or rum, became the principal
economic enterprise in Brazil and the Caribbean,
and was particularly dependent on slave labor.
By the eighteenth century mining became con-
centrated in a few rich areas. Agriculture
acquired more importance in the colonial econ-
omy. Land grants were increasingly cultivated to
supply colonial needs for food grains and raw
materials such as cotton. The hacienda became
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Agriculture in South and Central America, amoriche swamp. Karinya Indians. February 1962 (Photo
Fig. 2 Mamo. Bananas, sugar cane, manioc in a morichal by Karl H. Schwerin)
field, Yavito, Rio Yabo. Typical drained field in Yavito, in
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Agriculture in South and Central America, Fig. 4 The peasant economy versus the capitalist economy

Agriculture in South and Central America, Fig. 5 Maize field. Mexico, Tenancingo, Tlaxcala, Mexico. Typical

peasant maize field. June 1957 (Photo by Karl H. Schwerin)
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Agriculture in South and Central America, Fig. 6 Mamo. Maize field. Maize field and shelters of Francisco
Vasquez, Isla La Isabel, Venezuela. Karinya Indians. February 1962 (Photo by Karl H. Schwerin)

Agriculture in South and Central America, Fig. 7 Forest and maize fields, Michoacan, Mexico. August 1962 (Photo
by Karl H. Schwerin)
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Agriculture in South and Central America, Fig. 8 Mamo, maize field on Isla La Isabel, Venezuela. Karinya Indians.

February 1962 (Photo by Karl H. Schwerin)

the vehicle for accomplishing this production.
Labor was secured through mechanisms such as
debt peonage and was administered in such a way
that it was almost impossible for the individual
laborer to break free.

After independence early in the nineteenth
century, slavery was gradually abolished
throughout the Americas. The hacienda, how-
ever, continued as a major system of ensuring
agricultural labor. It only began to disappear
with the Mexican Revolution of 1910. Though
much less important today, it continues to
operate in some Andean countries and in parts
of Brazil.

The nineteenth century was marked by wide-
spread expansion of agricultural capitalism in
the form of plantation systems producing a
wide variety of crops for industrial and con-
sumer markets in Europe and North America.
These included henequen (fiber obtained from
the leaves of the henequen agave plant, used in
making rope, twine, and coarse fabric) from the
Yucatan, bananas in Central America, and sugar

in the Caribbean and Brazil. Coffee, one of the
most profitable crops, was widely introduced,
from Mexico to Brazil. In Mexico and parts of
Central America, small farmers produced it; in
Costa Rica and Colombia medium sized farmers
were the rule; elsewhere large coffee fincas
predominated. Particularly in the latter case,
land was intensively exploited, without efforts
at conservation or improvement, leading to rapid
deterioration in soil quality and declining pro-
duction. Where land was abundant, the response
was to clear virgin land and plant new coffee
groves. Uruguay and Argentina became major
world producers of wheat, owing to the rich
Pampean soil. In both Brazil and the pampas,
immigrant labor was employed to clear the
land, in exchange for temporary usufruct of
part of the cleared area. Evicted after a time in
favor of the landowner, some immigrants
acquired their own (usually smaller) farms, but
most withdrew to the cities, leaving only the
larger fincas and estancias as significant agricul-
tural producers.
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Agriculture in South and Central America,
Fig. 9 Tenancingo. Harvesting beans. Tenancingo, Tlax-
cala, Mexico. Don Eleuterio Guzman pulling up bean
plants in a maize field. July 1957 (Photo by Karl
H. Schwerin)

Several different systems of agricultural
exploitation can be identified in this region
today. Yet agriculture has declined in importance
in national economies throughout the century,
dropping precipitously since 1980. Only in Cen-
tral America, Mexico and Brazil is 15-30 % of
the work force still farming, in most countries
only 10 % is still employed in agriculture,
which represents less than 10 % of the GDP for
the region.

The persistent dichotomy between large,
extensively cultivated holdings (latifundio) and
small, intensively  cultivated  properties
(minifundios) survives today. Though these are
sometimes geographically separated, they fre-
quently occur interspersed with each other

Agriculture in South and Central America,
Fig. 10 Tenancingo. Don Eleuterio Guzman harvesting
beans in a maize field. Tenancingo, Tlaxcala, Mexico. July
1957 (Photo by Karl H. Schwerin)

interacting as a symbiotic whole. This dichotomy
is also at the root of many economic and social
problems. Although precise data on distribution
of agricultural landholdings have not been
reported since the 1970s, the extreme bimodal
distribution has probably not changed signifi-
cantly. In El Salvador, Guatemala, and Peru
more than 90 % of agricultural landholdings
were under 10 ha, yet represented only about
30 % of the area. In contrast, 26 % of the area in
Guatemala and 61 % of the area in Peru were
larger than 1,000 ha, yet represented less than
0.5 % of the holdings.

Some small-scale specialized farming tech-
niques survive in scattered locales, such as local-
ized irrigation systems, chinampas in the Valley
of Mexico, drained fields among the Karinya in
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Fig. 11 Mamo. Threshing
beans. Ramon Antonio
Vasquez threshing out
beans by beating them with
a pole. Isla La Isabel,
Venezuela. Karinya
Indians. March 1962 (Photo
by Karl H. Schwerin)

Agriculture in South and Central America, Agriculture in South and Central America,
Fig. 12 Manioc field, Kuri, Rio Platano, Honduras. Fig. 13 Cachama. Teresa Tamanaico pulling, up
Miskito Indians. January 1981 (Photo by Karl (harvesting) manioc tubers. Cachama, Venezuela.
H. Schwerin) Karinya Indians. July 1962 (Photo by Karl H. Schwerin)
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Agriculture in South and Central America,
Fig. 14 Cachama. Teresa Tamanaico stripping manioc
tubers from wuprooted plants. Cachama, Venezuela.
Karinya Indians. July 1962 (Photo by Karl H. Schwerin)

Agriculture in South and
Central America,

Fig. 15 Cachama. Teresa,
Luis and Delia Tamanaico,
loading manioc tubers into
a basket to be carried home,
for processing. Cachama,
Venezuela. Karinya
Indians. July 1962 (Photo
by Karl H. Schwerin)

eastern Venezuela (Figs. 1 and 2), or terraces and
lazy beds in Mesoamerica and the Andes. Tradi-
tional methods of agriculture generally promote
ecological stability both because environmental
disturbance is minimal and because the
agroecosystem is stable. Unfortunately, develop-
ment, modernization, and institutional pressures
from the larger society often lead to abandonment
of these techniques, in spite of their suitability to
local conditions and often exceptional productiv-
ity. Thus most irrigation has been modernized and
commercialized and relies on pumping, reservoirs,
and lined canals. Yet there are efforts in some
places to reintroduce ancient agricultural tech-
niques, like ridged fields in the Titicaca Basin,
which have proven superior to current practices.
Many traditional practices should be preserved in
order to exploit their productive advantages, uti-
lize marginal microenvironments, maintain crop
diversity, and minimize production risks.

» Swidden agriculture or shifting cultivation is
still widely used in forested regions. It may support
as many as 50 million people. It is relatively pro-
ductive and successfully integrated into the eco-
logical regime of the tropical forest, yet requires
less labor than many other methods. It is a tech-
nology that does not require capital investment or
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Fig. 16 Tenancingo.
Maguey (Agave sp.)
Tenancingo, Tlaxcala,
Mexico. Nearly mature
maguey plants planted
along edge of field. July
1957 (Photo by Karl

H. Schwerin)

Agriculture in South and
Central America,

Fig. 17 Tenancingo.
Collecting agua miel.
Tenancingo, Tlaxcala,
Mexico. Mature maguey
plant (Agave sp.) with heart
carved out to create a cavity
for collecting the sap or
agua miel-subsequently
fermented to produce
pulque. July 1957 (Photo by
Karl H. Schwerin)

Agriculture in South and
Central America,

Fig. 18 San Pedro.
Hacienda peons. Hacienda
San Pedro, Caiiar, Ecuador.
1970 (Photo by Karl

H. Schwerin)
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Fig. 19 San Pedro. Team
of oxen. Hacienda San
Pedro, Canar, Ecuador,
José Narvaez loading plow
on yoke to carry to field.
1970 (Photo by Karl

H. Schwerin)

Agriculture in South and
Central America,

Fig. 20 San Pedro.
Plowing field with oxen

1. Hacienda San Pedro,
Canar, Ecuador, 1970
(Photo by Karl

H. Schwerin)

energy subsidies. When associated with sparse
populations its environmental impact is minimal,
perhaps even beneficial by stimulating renewed
forest growth. When intensified to the point that
the forest can no longer replace itself, swidden

ay

-
-

degradation. Rapid population growth throughout
Latin America has spurred migration in search of
farmland in lowland tropical forests from the Peten
and the Caribbean coast to the Amazon basin.
Resulting widespread deforestation has had seri-
ous ecological repercussions.
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Central America, <
Fig. 21 San Pedro.
Plowing field with oxen
2. Hacienda San Pedro,
Canar, Ecuador, 1970
(Photo by Karl

H. Schwerin)

Agriculture in South and
Central America,

Fig. 22 Wheat harvest

1. Hacienda El Colegio,
Cainiar, Ecuador.
Mayordomo Augusto
Urgiles oversees the cutting
of wheat. October 1969
(Photo by Karl

H. Schwerin)

One agriculture technique, the house garden,
is nearly ubiquitous among small farmers, even in
towns and cities. Their species diversity is high,
providing supplementary food, condiments,
herbs, medicinal remedies, fuel, fertilizer, and
ornamental plants (Fig. 3).

Peasant farmers conduct most small-scale
agriculture. A true peasant owns or controls his

land, runs his own operation and makes his own
decisions independently. The primary production
objective is for subsistence and survival. Peasants
do not think in capitalist terms, but instead are
oriented around the homestead (land, home,
tools), which cannot be converted or exchanged
for other means of production (see Fig. 4).
Because cash is limited, the peasant cannot afford
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Fig. 23 Wheat harvest

2. Hacienda EI Colegio,
Canar, Ecuador October
1969 (Photo by Karl

H. Schwerin)

Agriculture in South and
Central America,

Fig. 24 Wheat harvest

3. Hacienda El Colegio,
Canar, Ecuador, October
1969 (Photo by Karl

H. Schwerin)

to take risks; he often resists trying new crops and
techniques; technology remains traditional
(paleotechnic).

The strength of peasant farming is its hetero-
geneity and diversity. Planting a variety of
crops, in several locales, under varying condi-
tions, minimizes risk. The most important crops
are starchy staples — grains or root crops — and
legumes; perhaps supplemented by a high value

cash crop — tomatoes, coffee, or narcotics
(Figs. 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
and 17).

Large holdings can be roughly divided into

haciendas, estancias, plantations, and
agroindustrial enterprises. Hacienda organization
represents a unique adaptation to abundant land
and scarce capital. Labor to work the estate is
attracted by offering small subsistence plots to
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Agriculture in South and Central America, Cayetano Tenesaca, Corazon Murudumbay and Juan
Fig. 25 San Pedro. Threshing barley with horses. Haci-  Jose Tacuri threshing barley September 1969 (Photo by
enda San Pedro, Cafar, Ecuador. Joaquin Fajardo, Karl H. Schwerin)

Agriculture in South and Central America, Fig. 26 Planting potatoes. Hacienda El Colegio, Cafiar, Ecuador.
September 1969 (Photo by Karl H. Schwerin)
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Agriculture in South and Central America,
Fig. 27 San Pedro. José Narvaez planting ocas. Hacienda
San Pedro, Cadar. Ecuador. September 1969 (Photo by
Karl H. Schwerin)

local smallholders or landless laborers (most
commonly known as peons). Traditionally little
or no wages exchanged hands; today real wages
may actually be paid, although they are often
seriously in arrears because capital remains
scarce. For the same reason haciendas try to be
self-sufficient in terms of basic needs. They also
tend to be inefficient, relying on antiquated tech-
nology and cultivating only a small area of the
best land, leaving the rest uncultivated or in the
hands of the workers. Yet their production of
staple cereals and tubers, or milk, meat, and
wool may contribute significantly to national
economies. Hacienda property may be viewed
more as a basis for prestige or a hedge against
inflation than as an income producer. For this

Agriculture in South and Central America,
Fig. 28 San Pedro. José Narvaez planting ocas. Hacienda
San Pedro, Cafar, Ecuador. September 1969 (Photo by
Karl H. Schwerin)

reason, as well as scarce capital, haciendas also
tend to resist innovation. Most surviving haci-
endas are found in highland areas of the Andes
and Mesoamerica, though they have also been the
object of land reform from Mexico to Bolivia,
Peru and Ecuador (Figs. 18, 19, 20,21, 22, 23, 24,
25, 26, 27, 28, and 29).

Estancias are large holdings devoted to live-
stock production found mostly in the Southern
Cone and northern Mexico, although in recent
years cattle production has expanded rapidly in
the Amazon lowlands and Central America to
feed the North American demand for hamburger
and processed meats.

The modern plantation contrasts with the tra-
ditional hacienda in that it is fully and efficiently
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Fig. 29 Peons harvesting
mellocos (Ullucus
tuberosus). Hacienda El
Colegio, Canar, Ecuador.
September 1969 (Photo by
Karl H. Schwerin)

Agriculture in South and
Central America,

Fig. 30 The hacienda and
the plantation

CHARACTERISTICS OF THE PLANTATION

Distinguishing Characteristics
of the Plantation

1. Sharp separation of classes
2. Capitalistic enterprise

3. Monocrop specialization

4. Continuous commercial production

Hacienda lacks these, tends

toward self-sufficiency

plantation - A capitalistic type of agricultural organization in which a considerable
number of laborers are employed under unified direction and control in the production
of a staple crop for sale to an external market. (Sidney Mintz)

Contrasts Between the Hacienda and the Plantation

Hacienda
abundant land
scarce capital
pervasive control of labor
tries to avoid wages

ownership by family or traditional
institution (church, government)

personalistic & paternalistic
economically inefficient
paleotechnic

produces for domestic market

participates in regional and
er structure

Plantation
pervasive control of the land
abundant capital
scarce labor, often mobile
relatively high wages

ownership by company or
corporation

universalistic & impersonal
economically efficient

neotechnic, often highly mechanized
produces for external market

participates in international
power structure
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Agriculture in South and Central America, Fig. 31 Field of pyrethrum (Chrysanthemum spp.). Highland Ecuador.
June 1969 (Photo by Karl H. Schwerin)
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Agriculture in South and Central America, Transito Illapa Hacienda/Plantation San Pedro, Caiar,
Fig. 33 San Pedro. Laborers from Chimborazo Province  Ecuador February 1970 (Photo by Karl H. Schwerin)
hoeing pyrethrum 2. Manuela Transito Balente and

Agriculture in South and Central America, Fig. 34 San Pedro. Floreras (peon women) picking pyrethrum.
Hacienda/Plantation San Pedro, Cafiar, Ecuador October 1969 (Photo by Karl H. Schwerin)
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Agriculture in South and Central America,
Fig. 35 San Pedro. Olga Jachero picking pyrethrum.
Hacienda/Plantation San Pedro, Cafar, Ecuador October
1969 (Photo by Karl H. Schwerin)

operated with large amounts of capital (see
Fig. 30). The plantation generally concentrates
on monocrop specialization with the aim of con-
tinuous commercial production, usually for
export. Although their proportion of total agricul-
tural production has been declining, plantation
crops such as sugar, coffee, bananas, pineapples,
oil palm, cotton, tobacco, maize, and wheat con-
tinue to be the major source of foreign exchange
for several countries (Figs. 31, 32, 33, 34, 35, 36,
37, and 38).

Large farms in central Chile, Northern
Mexico, and Central America have also adopted
this mode, producing fruits and vegetables for the
winter market in North America. Production and
marketing of feed products (maize, sorghum and
millets, soybeans) and oilseeds (safflower,

Agriculture in South and Central America,
Fig. 36 San Pedro. Olga Jachero picking pyrethrum.
Hacienda/Plantation San Pedro, Cafiar, Ecuador October
1969 (Photo by Karl H. Schwerin)

soybeans, cottonseed) have become important in
Brazil, Argentina, Colombia, Guatemala, El Sal-
vador, and Mexico. Commercial farming is
almost always profitable, but profits increase
exponentially with the size of the operation.
They generally practise monocropping with
chemical additives such as fertilizers and pesti-
cides. Since larger commercial farmers partici-
pate in the international economy, they can
survive bad years by falling back on economic
institutions (loans, savings, insurance) to carry
them through.

The North American Free Trade Agreement
(NAFTA) has had serious repercussions in Mex-
ico. Imports of agricultural products produced
cheaply by large US and Canadian agribusinesses
has undercut the production of small and medium
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Agriculture in South and Central America,
Fig. 37 San Pedro. Lucrecia Alvaros picking pyrethrum.
Hacienda/Plantation San Pedro, Caiiar, Ecuador October
1969 (Photo by Karl H. Schwerin)

sized farmers in Mexico, forcing many to aban-
don the land, often moving to the cities in search
of alternative employment.

Social consequences of these developments
are that the peasantry is losing control over its
productive processes and is being transformed
into a rural proletarian underclass that is being
exploited as the primary labor force. These fac-
tors have deeply transformed production rela-
tions within the agricultural sector, resulting in
the modern agroindustrial complex. As a result of
increasing commercialization of agriculture, the
production of cash crops for export and industrial
use has expanded at the expense of the production
of basic food crops, leading to significant imports
in many countries of basic foodstuffs (Tables 1
and 2).

Efforts at agricultural modernization vacillate
between large, capital intensive projects and
smaller “appropriate” technology, designed espe-
cially for small farmers. However, the bias is
toward large-scale projects that are highly visible
and politically profitable, but which are often
viable only for the short term. In any case they
are rarely beneficial to the small farmer.

Agriculture in South and Central America, Fig. 38 San Pedro. Peon women picking pyrethrum. Hacienda/
Plantation San Pedro, Cafiar, Ecuador. August 1969 (Photo by Karl H. Schwerin)
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Table 1 Most important crops for domestic consumption
in Latin America

Maize 59,817
Manioc 29,633
Rice 23,217
Wheat 22,452
Potatoes 16,997
Dry beans 5,117
Sweet potato 1,796
Barley 1,646

From Statistical Abstract of Latin America. v. 38, 2002.
Data for 1999 (in thousand metric tons)

Agriculture in South and Central America,
Table 2 Export and industrial crops for Latin America
showing principal exporting countries, 1999

In Export value
thousand (millions of US
metric tons | dollars)
Cotton (Brazil, 1,164 261
Argentina,
Paraguay)
Sugar cane 539,308 | 4,457
Coffee 3,693 7912
Bananas 22,279,000 |2,816
Maize (Argentina, 13,183 832
Paraguay)
Soybeans 5,141 |2,/481
(Argentina, Brazil,
Paraguay)
Wheat (Argentina) 14,500 999

From Statistical Abstract of Latin America. v. 38, 2002
and International Trade Statistics Yearbook, 2001

See Also

Food Technology in Latin America

Potato: Origins and Conservation of Potato
Genetic Diversity

Swidden
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Agriculture in the ancient Near East is a topic
mainly studied by archaeologists and philolo-
gists who contribute to our knowledge with the
earliest archaeological evidence of cultivation
as well as with complex descriptions of
field management through the study of cunei-
form texts. Extensive contributions also derive
from biological and environmental sciences
studying the genetics and origins of our modern
crops and the ancient environmental conditions
of agricultural development by investigating
archaeobotanical, zooarchaeological, and
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Agriculture in the Ancient Near East, Fig. 1 Location
of the earliest archaeological sites with cultivated and/or
domesticated species in the Fertile Crescent: (/) Chogha
Golan, (2) Ali Kosh, (3) Chia Sabz, (4) Ganj Dareh Tepe,
(5) Sheikh-e Abad, (6) Jani, (7) Tepe Abdul Hosein, (8)
M’lefaat, (9) Nemrik, (/0) Qermez Dere, (/1) Magzalia,
(12) Kortik Tepe, (/3) Hallan Cemi, (/4) Cayonu, (/5)
Cafer Hoyuk, (/6) Asikli Hoyuk, (/7) Can Hasan III, (/8)
Nevali Cori, (/9) Gobekli Tepe, (20) Akarcay Tepe, (21)
Djade, (22) Halula, (23) Jerf al Ahmar, (24) Mureybet,
(25) Abu Hureyra, (26) El Kowm I and 11, (27) Bougras,
(28) Abr, (29) Qaramel, (30) Tell Ras Shamra, (37)

geoarchaeological remains from archaeological
sites in this large geographic area.

This article sets a geographic focus on the
Fertile Crescent, an area of relatively high pre-
cipitation that stretches from the Levant in the
west to the Turkish-Syrian border in the north and
Iraq and Iran down to the Persian Gulf in the
southeast. The Fertile Crescent is the area where
agriculture is known to have evolved and devel-
oped into an economy that supported the emer-
gence of ancient civilizations (Fig. 1). The close
relationship between cultural and agricultural
development defines the structure of this entry
with tripartite division into (1) emerging agricul-
the

Kissonerga, (32) Parekklisha-Shillourokambos, (33) Tell
Ghoraifé, (34) Tell Aswad, (35) Tell Ramad, (36)
Yiftah’el, (37) Iraq ed Dubb, (38) Gilgal, (39) ’Ain
Ghazal, (40) Netiv Hagdud, (41) Dhra, (42) Jericho, (43)
Nahal Hemar, (44) Wadi Fidan, (45) Beidha, (46) Basta,
(47) Dhuweila, (48) Azraq 31, (49) Wadi Jilat 7; PPNA:
Pre-Pottery Neolithic A (9800-8700 BC), PPNB:
Pre-Pottery Neolithic B (8600-7000 BC), PPN is applied
to Iranian sites, because PPNA and PPNB have additional
cultural connotations that do only apply to sites in the
western and northern part of the FC

establishment of agricultural production, expan-
sion of human populations, and genesis of first
cities; and (3) complex agricultural systems in
city-states and oriental empires until roughly
300 BC.

Emerging Agriculture

Considered as the basis for the development of
early civilizations, agricultural beginnings reach
back more than 12,000 years. Archaeological and
archaeobotanical research in the Fertile Crescent
during the last decades decisively determined our
current knowledge on the earliest findings of
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systematically gathered wild progenitor species
of modern crops in the late Upper Paleolithic
period (ca. 21000 BC), on the cultivation of
wild cereals, and on the appearance of first
domesticated species in the Aceramic Neolithic
(syn. Pre-Pottery Neolithic) period.

The first domesticated species in the Fertile
Crescent are einkorn (Triticum monococcum ssp.
monococcum), emmer (Triticum turgidum ssp.
dicoccum), barley (Hordeum vulgare), lentil
(Lens culinaris), garden pea (Pisum sativum),
chickpea (Cicer arietinum), bitter vetch (Vicia
ervilia), and linseed (Linum usitatissimum)
(Fig. 2). Singular finds of broad bean (Vicia
faba) and grass pea (Lathyrus sativus) have also
been discovered in the Aceramic Neolithic, but
become frequent only from the late Neolithic
onwards. Possibly also rye belongs to the early
domesticated species, as recorded at Abu
Hureyra and a number of other sites (Hillman,
Hedges, Moore, Colledge, & Pettitt, 2001). It
disappears from the Fertile Crescent during the
early Holocene and has its comeback only in the
Central European Iron Age. Remains of free-
threshing wheat (Triticum aestivum/durum) also
occur very early, but become abundant not before
the Early Bronze Age. Horticulture starts much
later than the cultivation of cereals, pulses, and
linseed — in the Chalcolithic period at earliest.

While the use of plants in subsistence has
already been demonstrated for Paleolithic sites,
the so far oldest evidence for systematic large-
scale gathering of wild cereals dates to 21000 BC
and derives from late Upper Paleolithic Ohalo II
in Israel. The cultivation of wild cereals started
between 9500 and 9000 BC in the Aceramic
Neolithic (syn. Pre-Pottery Neolithic) period at
a small number of sites (e.g., Jerf el Ahmar, Syria,
or Chogha Golan, Iran).

Populations of Aceramic Neolithic sites with
evidence of pre-domestication of wild cereals
continued hunting wild sheep and goat, while
for some of the sites, the beginning management
of these animals is suggested (Zeder & Hesse,
2006). Early settlements of cultivators are often
accompanied by storage structures, ground stone
tools such as grinding stones and mortars, and, as
concerns possible, harvesting tools, sometimes
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yield blades with sickle gloss (Riehl, Zeidi, &
Conard, 2013; Fig. 3). During these periods
changes in the settlement structures were also
observed and related with population growth
and social change, including monolithic commu-
nal architecture.

Until recently important questions on the
emergence of agriculture were addressing the
timing and the localization of early domesticated
species. There is meanwhile agreement that
domesticated species occurred in a number of
archaeological sites throughout the Fertile Cres-
cent (multiple origins model; Fuller, Willcox, &
Allaby, 2011) more or less simultaneously from
the PPNB onwards and started to dominate plant
assemblages from the mid-PPNB (Pre-Pottery
Neolithic B; 8300-7500 BC) onwards (Nesbitt,
2002; Fig. 2).

Domesticated species evolved through the
management of their wild progenitors; thus
the identification of cultivation of the wild pro-
genitor species (syn. pre-domestication cultiva-
tion) is essential for our understanding of
how hunter-gatherers evolved into farmers.
Pre-domestication cultivation began more or
less simultaneously, but the crop species culti-
vated varied in the different areas (Willcox,
2013). Archaeobotanical data suggests that the
transition from pre-domestication cultivation
starting around 9500 BC to the first occurrence
of domesticated phenotypes took several hun-
dreds of years; thus archaeobotanical and archae-
ological research questions on the emergence of
agriculture now address the reasons for the slow
development of agriculture, while some genetic
studies on modern cereal crops still favor models
of a rapid transition to agriculture.

The role of climate has been frequently
discussed as one potential main release factor
for the emergence of agriculture. While earlier
studies were attributing more relevance to the
cooler climatic conditions of the Younger
Dryas, suggesting a decrease of resources to
have pushed hunter-gatherers into agriculture,
recent research acknowledges regional variation
of climatic effects due to the very diverse geo-
morphological layout and rather focuses on the
warmer and moister conditions during the early
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Agriculture in the Ancient Near East, Fig. 3 Archaeological tools with potential agricultural use from the Aceramic
Neolithic site of Chogha Golan (Iran); from left to right: mortar, pestle, blades

Holocene to have provided an ideal environment
for larger-scale cereal cultivation. Also the end of
the early Neolithic (PPNB cultures) has been
related to climate fluctuations — the 8200 BP
event, respectively (Bar-Yosef, 2009).

Most of the local evidence for climate effects
on subsistence development is however currently
too coarsely resolved to allow general conclu-
sions on the relationship between climate fluctu-
ations and the emergence of agriculture. Future
research will have to focus on local paleoclimate
archives in the direct vicinity of archaeological
sites to address questions of interactions between
people and climate.

Established Agricultural Societies

While the emergence of agriculture fascinated
many researchers, much less is known on agri-
culture in settlements of the Pottery Neolithic
(syn. late Neolithic: 6800-5300/5200 BC),
while there is more information again on
Chalcolithic (52004000 BC) agriculture
(Fig. 4).

For the late Neolithic a variety of cultures
overlapping in space and time has been defined,
such as the Hassuna (c. 6500—-6000 BC), Samarra
(c. 6000-5500 BC), or Halaf -cultures

(c. 6000-5400 BC), with settlements of very

some settlements were very large and of long-
term occupation (e.g., Tell Sabi Abyad or Tell
Halula), small, temporary sites were much more
frequent, suggesting that the population had
a high degree of mobility (Akkermans &
Schwartz, 2003).

As concerns agriculture, this period may be
seen as a consolidation period when domesticated
species had completely replaced their wild pro-
genitors; cultivation on extended territories and
intensive storage along with an increase in pasto-
ralism took place, which allowed population
growth (cf. Neolithic demographic transition).
Agriculture was cereal based with mainly barley
and emmer wheat. Free-threshing wheat is also
present in larger numbers in some Syrian settle-
ments, while einkorn is better represented
towards the coast in Palestine, Cyprus, and Tur-
key. All other early Neolithic crop species con-
tinued to be cultivated. Despite a focus on crop
species, wild plants still seem to play a major role
in the human diet, and similarly hunting contrib-
uted largely to subsistence. Although ancient
people were always using a wide array of plant
food, the cultivation of vegetables is extremely
difficult to prove, because in contrast to seeds and
fruit stones, their soft tissues preserve rarely in
the archaeological context and they are extremely
difficult to identify. Therefore knowledge on veg-
etable cultivation mainly derives from the textual
evidence of the Early Bronze Age onwards
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Agriculture in the Ancient Near East,
Fig. 4 Archaeological sites of the late Neolithic
(Pottery Neolithic) and Chalcolithic periods with
archaeobotanical information: (50) Ali Kosh, (57)
Arjoune, (52) Arjoune, (53) Ayios Epiktitos Vrysi, (54)
Bougras, (55) Cape Andreas Kastros, (56) Catal Hoyuk,
(57) Cayonu, (58) Choga Mami, (59) Dhali Agridhi, (60)
Dhuweila, (61) El Kowm 1, (62) Jaffarabad, (63) Jericho,
(64) Khirokitia, (65) Magzalia, (66) Tell Abu Hureyra,
(67) Tell el’Oueili, (68) Tell Ras Shamra, (69) Tepe
Hasanlu, (70) Tepe Musiyan, (7/) Tepe Yahya, (72)
Umm Dabaghiyah, (73) Wadi Jilat 7, (74) Yarim Tepe I,
(75) Abu Hamid, (76) Arpachiyah, (77) Aswan region,
(78) Bendebal, (79) Bnei Beraq, (80) Cadir Hoytk, (87)
Cayboyu (Aswan), (82) Choga Mami, (83) Eridu, (84)
Girikihaciyan, (85) Hacinebi Tepe, (86) Hassek Hoyiik,
(87) Hirbet el-Msas (Tel Masos), (88) Horum Hiiyiik, (89)

(Waetzoldt, 1987). The occasional presence of
storage of wild plant seeds in Neolithic sites
(Fairbairn, Martinoli, Butler, & Hillman, 2007)
suggests a broad-spectrum economy rather than
specialized agricultural production. On the other
hand, irrigation techniques as evident for the cen-
tral Mesopotamian Samarra culture (e.g., Choga
Mami; Helbaek, 1972) imply collective aims to
increase crop yields in these societies which con-
sequently led to a higher degree of specialization.

Horvat Beter, (90) Ikiztepe, (91) Jaffarabad, (92) Jawa,
(93) Jericho, (94) Kenan Tepe, (95) Kish, (96) Kissonerga,
(97) Kissufim Road, (98) Korucutepe, (99) Kosak
Shamali, (/00) Kumtepe, (/0/) Kurban Hoyik, (/02)
Lemba-Lakkous, (/03) Mylouthkia, (/04) Nahal
Mishmar, (/05) Nahal Qanah Cave, (/06) Oylum
Hoyik, (107) Sataf, (/08) Sharafabad, (/09) Shigmim,
(110) Tappeh Gijlar, (/11) Tel Saf, (112) Tell Abu
Matar, (/13) Tell Afis, (/14) Tell Aqab, (115) Tell Brak,
(116) Tell el’Oueili, (/17) Tell Esh-Shuna, (/18) Tell
Halif, (//9) Tell Hammam et-Turkman, (/20) Tell Ilbol,
(121) Tell Karrana, (/22) Tell Kurdu, (/23) Tell Sabi
Abyad, (/124) Tell Shiukh Fawqani, (/25) Tepe
Farukhabad, (/26) Tepe Hasanlu, (/27) Tepe Sabz, (128)
Tepe Yahya, (/129) Tepecik, (/30) Tilbeshar, (/31)
Tuleilat Ghassul, (/32) Umm Dabaghiyah, (/33) Umm
Qseir, (/134) Wadi Fidan, (/35) Yarim Hoyiik

Crescent as a whole, with regionally strong sus-
ceptibility to drought, people were settling in
regions where freshwater was easily available,
even in the regions of higher precipitation such
as northern Syria during the Neolithic Halaf
period, where most of the sites were located
close to flowing water.

The Chalcolithic period is associated with
a range of changes in the organization of subsis-
tence and lifestyle. The southern Iraqi site of Tell
al-Ubaid (6500-3800 BC) is name giving for the



Agriculture in the Ancient Near East

cultural traditions of the Chalcolithic. The Ubaid
culture expanded into northern Mesopotamia
roughly 1,000 years later and is considered as
the starting point towards urbanization and the
basis for the later Sumerian civilizations in the
south. Small cities and religious centers devel-
oped in this area (e.g., Eridu), and together with
a precursor of the later emerging writing system,
the beginnings of controlling trade were set
(Nissen, 1999).

Farmers of the southern Mesopotamian Ubaid
culture were applying irrigation techniques on the
alluvial soils of the Euphrates resulting in high
yields which supported rapid population growth.
The presence of early irrigation has been recog-
nized also in the geoarchaeological record, i.e.,
directly in the forms of canals and indirectly by
the location of archaeological sites in regions of
low mean annual precipitation (Wilkinson,
2003).

The Chalcolithic period is also closely related
to the beginnings of horticulture. As it requires
the technological knowledge of vegetative prop-
agation, it is generally considered to have devel-
oped after grain agriculture had been fully
established. In contrast to cereal agriculture,
there is also a higher necessity of a year-round
sedentary lifestyle to protect the plants from pests
and browsing damage which should have resulted
in a generally lower mobility at least for parts of
the population.

In the archaeobotanical record, the morpho-
logical differentiation between wild and domes-
ticated fruit stones is generally problematic
which explains the difficulty to determine the
precise beginnings of fruit domestication. Also
the extent of fruit cultivation is impossible to
assess without textual sources which are avail-
able only from the Early Bronze Age onwards.

While single olive stones occur at least since
the Aceramic Neolithic or even earlier (e.g., at
Epipaleolithic Ohalo II/Israel), they become
more frequent in the Chalcolithic period. The
natural distribution of wild olive (Olea europaea
ssp. oleaster) follows the Mediterranean coast,
limited in distribution into the inland regions of
the Fertile Crescent through summer drought.
This explains the presence of olive mostly in the
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western part of the Fertile Crescent during the
Chalcolithic period. Olive finds from further
inland Early Bronze Age sites are discussed for
their origin, as irrigation practice may well have
allowed olive cultivation outside its natural dis-
tribution area, while trade of economic products
already played a certain role and may have
equally contributed to the extended area of find-
ings. A comparatively moister climate during the
early to mid-Holocene may have also played
a role in ancient crop plant distribution differing
from modern patterns (Riehl, Pustovoytov,
Weippert, Klett, & Hole, 2014).

In contrast to olive the natural distribution of
wild grape (Vitis vinifera ssp. sylvestris) extends
further inland along the lower foothills of the
Taurus Mountains between southern Turkey and
northern Syria. Its archaeological finds therefore
extend further into these inland regions during the
Chalcolithic period. Although earliest finds of
grape date back to the Neolithic period, its
domestication in the Fertile Crescent has long
been considered to have happened during the
Early Bronze Age. However, recent findings,
such as the Chalcolithic winery of Areni in Arme-
nia (4000 BC), suggest possibilities of earlier or
simultaneous cultivation outside the Fertile Cres-
cent (Barnard, Dooley, Areshian, Gasparyan, &
Faull, 2011).

As with the two previous fruit crops, fig (Ficus
carica) has been found in early prehistoric sites,
but its domestication probably occurred during
the Chalcolithic period, although there are claims
for domestication at Aceramic Neolithic Gilgal
I/Israel (Kislev, Hartmann, & Bar-Yosef, 2006).
Seeds of wild fig are indiscernible from domesti-
cated seeds and a final proof of very early domes-
tication is therefore pending. Its relatively large
size and high content in carbohydrates may
explain its attractiveness for gathering humans.

Date (Phoenix dactylifera) is mainly found in
archaeological sites located within the natural
distribution area of the tree which is south of
32°N latitude. Beside of some very early finds,
date stones appear domesticated around 4000 BC
in southern Mesopotamia at the site of Eridu and
a number of other Chalcolithic sites in Iraq, Iran,
and Jordan. It becomes a very important
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economic plant in later history, i.e., during the
Early Bronze Age when oasis agriculture devel-
oped (Tengberg, 2012). Rosaceae fruits (apple,
pear, plum, cherry) need grafting/vegetative
propagation and are intensively cultivated not
before classical antiquity (Greek and Roman
times).

The end of the Chalcolithic has been related
with diverse catastrophic events, including inva-
sions and climate change, i.e., the 5200 BP event
(Bar-Matthews & Ayalon, 2011). Such an event,
as recorded for the western part of the Fertile
Crescent, may have resulted in increased
interannual variation in precipitation and
extended droughts that would have affected
yields. Although the 8"3C record in Chalcolithic
barley grains reflects increased drought for Tell
esh-Shuna in Jordan and Tell Shioukh Faouqani
in northern Mesopotamia, the effects in other
regions of the Fertile Crescent of such climate
fluctuations may have been very diverse (Riehl,
Pustovoytov, Weippert, Klett & Hole, 2014).

Complex Agricultural Systems

The city-states and empires of the Bronze and
Iron Ages and their sociopolitical layout under
numerous different kings cannot be discussed
here in detail (for more information, see
Akkermans & Schwartz, 2003; Van De Mieroop,
2003; Nissen, 1999; and other textbooks). There
is a massive amount of data on agricultural tech-
niques in southern Mesopotamia from cuneiform
texts (various volumes of the Bulletin on Sume-
rian Agriculture), while information on agricul-
tural production in other regions of the Fertile
Crescent also derives from archaeological and
archaeobotanical studies (Fig. 5).

The Uruk period (4300-3100 BC), the transi-
tion from the late Chalcolithic Ubaid into the
Early Bronze Age period, combines all attributes
of increasingly complex societies, such as popu-
lation growth and progressive social stratifica-
tion, including side effects of competition for
resources and the need for institutionalized
organs coordinating the more and more complex
processes within the society. The development of

Agriculture in the Ancient Near East

writing in form of pictograms supported the
increasing complexity of administration.

These developments were part of the urbani-
zation process which was naturally bound to
increasing agricultural yields which were partic-
ularly profitable in regions with developed irriga-
tion systems (Postgate, 1992). Geoarchaeology
considerably contributes to our knowledge of
how these systems functioned and could be
maintained in the face of changing environments
and increasing food demands from rising
populations. Five stages in the development of
Mesopotamian irrigation systems can be
discerned from their initial development in pre-
historic times to their demise starting in later
Islamic times (Wilkinson, 2003, chap. 5).

With the beginning of the Early Bronze Age,
cities of various ranks evolved also in upper Mes-
opotamia and Syria, although the type of city-
states, based on agricultural surplus, only
becomes evident from 2600 BC onwards. The
processes that started in the Chalcolithic period
continued in the following Early Bronze Age
Jemdet Nasr (3100-1900 BC) and Early Dynastic
(29002334 BC) periods when the plow was
developed and agricultural surplus was used for
importing other goods into the south, such as
construction wood and mineral resources through
long-distance trade. Trade of agricultural prod-
ucts such as olive oil and grape wine is well
documented in cuneiform sources from the
Early Bronze Age (e.g., Ebla/Tell Mardikh 2400
BC) onwards as well as in later archaeological
finds, such as the Late Bronze Age shipwreck of
Uluburun (Haldane, 1993). While single oil
presses are known from the Mediterranean region
during the Chalcolithic, they only become more
frequent during the Early Bronze Age. Agricul-
tural surplus production was regionally intensi-
fied by focusing on few crop species with reliable
yields, such as barley which was a main crop in
many northern Mesopotamian cities (e.g., Emar;
Riehl, Pustovoytov, Dornauer, & Sallaberger,
2012). The broad spectrum of crops observed
since the Neolithic was however still cultivated,
but barley became the most abundant cereal crop
during the Early Bronze Age. Free-threshing
wheat was cultivated particularly in inland
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settlements, while emmer wheat was represented
with higher proportions in the coastal regions.
Particularly for the sites in the north (e.g.,
Urkesh/Tell Mozan), knowledge on ancient agri-
culture is well founded on bioarchaeological
results (Doll, 2010; Riehl, 2010b). While in the
drier south irrigation was necessary to receive
sufficient yields to support large populations,
farming was mostly rain-fed in the north,
although the water of the rivers Khabur and
Euphrates could have been used occasionally
for irrigation of specific crops, as is evident for
later periods at the upper Euphrates (Riehl
2010a).

While potential weed species are already iden-
tified in Aceramic Neolithic sites, and in these
contexts interpreted to indicate early cultivation
of wild progenitor species of modern crops, they
are much more numerous from the Bronze Age
onwards and have been used by archaeobotanists
to investigate local crop husbandry practices at
some archaeological sites (van Zeist, 1993).

Textual evidence suggests that the central
organization of the northern Mesopotamian city-
state included the majority of the inhabitants and
that agriculture was organized as collective labor
(Sallaberger & Ur, 2004), which would corre-
spond to organizational forms in southern Meso-
potamia, although irrigation was not a significant
part of labor organization in the north. Redistri-
bution of the communally harvested crops
according to status seems to have been the rule.
For southern cities very detailed information on
the organization of crop and animal husbandry,
including administrative = management, is

<
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available from textual records (e.g., Hruska,
1990; Powell, 1984). As taxation could have
been a problematic burden particularly in years
with crop failures, the economic relations to the
north and other regions for subsidizing were
a significant political aspect. Increasing popula-
tion pressure particularly in the south is consid-
ered to have provoked competition for resources
between different city-states during the Early
Dynastic period which was accompanied by
developing dynasties and war.

Shortly before the end of the Early Bronze
Age, the Akkadian Empire (2334-2193 BC)
becomes dominant in the whole region of south-
ern and northern Mesopotamia and beyond. In the
south the third dynasty of Ur came into power in
the twenty-first century BC for a short time.
Involved into diverse warfare, accompanied by
famine, it came to an end around 2004 BC. The
collapse of the Akkadian Empire at the end of the
Early Bronze Age has frequently been related
with the Holocene climatic fluctuation of 4200
BP (Staubwasser & Weiss, 2006). It corroborates
the geoarchaeological record in the region, indi-
cating a distinct change in the regime of water
streams from relatively stable, moderately strong
water flows to increasingly rare, erratic, and
stronger flows, which suggests increasing aridity
(Riehl et al., 2012). As large-scale environmental
change is generally related to bottlenecks in agri-
cultural production and accompanied by migra-
tion (e.g., the nomadic Amorites), upheaval, raids
(e.g., invasions of the Gutians), and war may have
contributed to the collapse of the empire, simi-
larly as with Ur III. In fact, archaeobotanical

«

Agriculture in the Ancient Near East, Fig. 5 (continued) Quzagq, (/95/326) Tell Qarqur, (/96) Tell Qashish, (197)
Tell Selenkahiye, (198/281/330) Tell Shiukh Fawqani, (199/240/282) Tell Taannach, (200) Tell Taya, (201) Tell Zagan,
(202/242/284) Tepe Farukhabad, (203/243) Tepe Hissar, (205/244/285) Tepecik, (206/245/286) Tilbeshar, (207) Titris
Hoyiik, (208/246) Umbashi, (209/247/287) Umm el-Marra, (2/0) Ur, (211) Wadi Fidan, (2/6) Kalavasos village, (2/9/
258/303) Kinet Hoyiik, (221) Manahat, (222/262) Marki-Alonia, (224/264/308) Pirak, (225/311) Shiloh, (226/265/317)
Tel Michal, (227/266) Tel Nami, (229/269) Tell Aphek, (230/270) Tell Atchana, (232) Tell ed-Der, (234/273) Tell
Gerisa, (235/274) Tell Hadidi, (241/283) Tell Yoqneam, (243) Tepe Hissar, (248) Apliki, (250) Ayios Dhimitrios, (252/
296) Deir’ Alla, (254) Hala Sultan Tekke, (256/301) Kamid el-Loz, (260) Kusakli, (263/306) Nimrud, (276) Tell Hwes,
(278) Tell Munbagqa, (279/329) Tell Schech Hamad, (280) Tell Sera, (288/334) Zincirli, (290) ’Ain Dara, (292) Bastam,
(293) Beer-Sheba, (294) Cadir Hoyiik, (297) En Rahel, (298) Hirbet el-Msas (Tel Masos), (299) Horbat Rosh Zayit,
(300) Idalion, (302) Khirbet en-Nahas, (305) Moa, (307) Nush-i Jan, (309) Qal’eh Ismail Aqa, (3/0) Rifa’at, (3/2) Susa,
Ville Royale, (313) Tahirbaj Tepe, (3/4) Tamara, (316) Tel ’Ira, (321) Tell Halaf, (323) Tell Hesban, (324) Tell Keisan,
(327) Tell Qasile, (328) Tell Qiri, (332) Tzafit, (333) Udhruh
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barley from this region shows increased drought
stress in the second half of the Early Bronze Age
(Riehl, Pustovoytov, Weippert, Klett & Hole,
2014). Extended drought may have also strongly
affected agricultural production further south by
decreasing yields and increasing soil salinity
which has been already discussed in earlier
works on southern Mesopotamian agriculture
(Jacobsen & Adams, 1958).

During the Middle Bronze Age (c. 2000-1500
BC), the major empires of Babylonia
(c. 1894-539 BC), a foundation of the nomadic
Amorite dynasties, located in southern Mesopo-
tamia, the Old Assyrian Empire (c. 2000-1400
BC) in the area of the upper Tigris river in north-
ern Mesopotamia, and the Hittites (2000—1200
BC) were controlling the Near East, probably
with a certain continuity of economic interests
that already existed during the Early Bronze Age.

The political history of the Middle Bronze
Age empires is well documented in ancient
texts, and there is equally comprehensive infor-
mation on agricultural organization in the middle
Euphrates region (Lafont, 2000) and crop prod-
ucts in the Hittite area of influence in central
Anatolia (Hoffner, 1974).

While the middle and lower Euphrates regions
are bare of any archaeobotanical studies, some
few results from Hittite settlements in Anatolia
indicate a broad-spectrum plant production with
additional crop species, such as einkorn (Triticum
monococcum), spelt (Triticum spelta), or millet
(Setaria italica), that are not cultivated farther
south. This supports the importance of cereals in
the Hittite economy as suggested by the cunei-
form evidence, indicating a high diversity of
names describing different types of bread. Lentil
is the generally preferred pulse crop, as
archaeobotanical studies mostly in northern Mes-
opotamia and the Levant suggest, although its
cultivation slightly decreases during the Middle
Bronze Age. The reduction of some of the pulse
crops with higher water requirements corrobo-
rates a general trend in the Middle Bronze Age
which has been interpreted as a shift in agricul-
tural production towards more drought-resistant
species as a consequence of increasing aridity
with the end of the Early Bronze Age (Riehl,
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2009). In most of the Syrian archaeological
sites, barley is the main crop. At the middle
Euphrates city of Mari, the lack of man power
for cultivating the fields was a problem leading to
local underproduction which forced the palace to
acquire barley on the market (Lafont, 2000).

For Babylonia, there is no indication of eco-
nomic decline in the first three centuries of the
second millennium, although in the north politi-
cal conflict and continuous change of political
regimes and economic structures seems to have
been the rule during the Middle Bronze Age.

The Late Bronze Age saw a number of differ-
ent competing kingdoms and powers, expanding
and retreating in the different geographic areas
of the Fertile Crescent (for details on the politi-
cal and cultural history, see Nissen, 1999) which
probably had its effects on agricultural
economy.

An influential Hurrian state in northern Meso-
potamia at the transition from the Middle to the
Late Bronze Age was Mitanni (1500-1300 BC).
The end of the Middle Bronze Age is marked by the
attack of the Hittites on Yamkhad, a northwestern
Mesopotamian kingdom with its center at modern
day Aleppo.

Material culture and the continuation of
important empires such as the Hurrians and Hit-
tites suggest an even transition to the Late Bronze
Age (Akkermans & Schwartz, 2003). Some Hur-
rian settlements already existed during the Early
Bronze Age (e.g., Urkesh/Tell Mozan). Egypt
was also strongly represented, particularly in the
area of modern Syria. Overseas trade played an
increasing role and was a sign of, and a means for,
the international character of a large number of
territorial states, shaping agricultural production
for specific needs, such as olive oil and wine.

Although with the transition from the Middle
to the Late Bronze Age, many powerful cities
disappeared, and discontinuation of administra-
tive and scribal practices decreased, in terms of
cultivated crop species, there is no particular dif-
ference visible between Middle and Late Bronze
Age agriculture, despite a possible intensification
of olive cultivation through extending the pro-
duction area into the northern Levant and the
upper Euphrates region (Riehl et al., 2012).
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The end of the Bronze Age has often been
explained as a consequence of the putative inva-
sion of the Sea Peoples. Aside from political
conflicts, economic decline has been proposed
as a reason for the collapse of the Late Bronze
Age civilizations as well as a climatic impact
(Bond event no. 2).

The global cooling event between 1200 and
700 BC (Bond et al., 2001) corresponds well with
the stable oxygen isotope data from Lake Van
(Litt et al., 2009) and thus might have had an
impact on Near Eastern agriculture. A climatic
reasoning has also been discussed in the literature
before, as the “1200 BC hypothesis” of increased
aridity (Neumann & Parpola, 1987), supported by
archaeoclimatological models (Bryson, Lamb, &
Donley, 1974). Similarly Rohling, Hayes,
Mayewski, and Kucera (2009) have suggested
that the cooling period at the end of the Late
Bronze Age adversely affected the agricultural
quality in the northern and northeastern regions
of the Aegean, thus triggering end-of-Bronze Age
migrations.

Most likely complex interactions between
political and ecological factors were responsible
for these massive supraregional changes. Com-
plete restructuring of the society must have taken
place due to large-scale nomadization, migration,
internal population movements, and technologi-
cal and trade network changes. How these
changes influenced agricultural organization is
still unclear, but there is also some evidence for
the maintenance and restoration of the lower
Khabur and middle Euphrates canals by local
rulers (Fales, 2008).

With the beginning of the first millennium BC,
the political situation in the Near East had become
more stable, and a new network of states arose,
which becomes tangible in the ninth century BC by
written records again. Iron Age Syria has been
characterized as a region of numerous small states,
which was absorbed into the provincial systems of
vast multiregional empires (Akkermans &
Schwartz, 2003). The generally broadening net-
work of commercial connections doubtlessly had
an influence on agricultural production.

Agricultural  organization  during the
Neo-Assyrian Empire (934609 BC), which

Agriculture in the Ancient Near East

embraced practically the whole Near East, was
the planned distribution of rural labor forces, the
installation of large-scale irrigation systems, and
a centralized program of rural land settlement
policy (Bagg, 2000). Agricultural surplus was
also possible due to a dense rural population.
New crops appear in the archaeobotanical
assemblages, such as cotton (Gossypium sp.),
pomegranate (Punica granatum), and cucumber
(Cucumis sativus), most of them requiring irriga-
tion in areas of irregular and low rainfall. This
corroborates the importance of irrigation as is
evident from the texts. Changes in persisting
crop species are particularly visible in free-
threshing wheat and grape ubiquities, which
occur generally more often in the
archaeobotanical record of the Iron Age (Riehl,
2009) and which are confirmed by the textual
evidence of numerous vineyards in northern Mes-
opotamia. The larger body of textual evidence
from the first millennium also reveals more
linen textiles than in the second millennium.
Flax for linen production requires additional irri-
gation. Still, the textual evidence is almost exclu-
sively for the import of linen as tribute from Syria
to the Neo-Assyrian Empire. Only later during
the Neo-Babylonian period (626-539 BC) do we
find evidence for more frequent linen cultivation.
Olive is not frequently mentioned in ancient
texts, but the import of olive oil from the west is
attested, corresponding with the archaeobotanical
record. A local increase in the water supply is also
visible in the Iron Age 313C values (Riehl,
Pustovoytov, Weippert, Klett & Hole, 2014).

Perspectives

Although substantial contributions are available
from ancient philology, archaeology, and the nat-
ural sciences on different aspects of ancient Near
Eastern agriculture, no systematic overview has
been published yet, which is partly due to the
diversity of the sources and the methodological
problems of interpreting these sources within
a wider framework.

The rich textual record of cuneiform tablets,
which has been estimated to number more than
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500,000 texts, covers a broad range of informa-
tion related to agriculture that has not yet been
systematically analyzed. Archaeobotanical data-
bases (e.g., www.ademnes.de) comprise millions
of seed records from Near Eastern sites. Local
geoarchaeological studies, including geographic
information system (GIS)-based analysis of sat-
ellite imagery and modeling, have been published
and helped with the identification of settlement
and land use patterns as aspects of early economic
systems in some few regions of the Near East.
Additional independent methods, such as stable
carbon isotope analysis, which has been used for
investigating water stress on crop plants during
their grain-filling period, can help verify these
results. Syntheses of these different data sources,
after careful analysis of the methodological prob-
lems, will provide more comprehensive results on
ancient agriculture in the near future, which may
be also of some relevance to issues of conserva-
tion of genetic resources in the Near East.
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Agriculture in the Islamic World

Lucie Bolens

The success of classical Islamic agriculture is due
to the adaptation of agrarian techniques to local
needs, and this adaptation itself is due to a spec-
tacular cultural union of scientific knowledge
from the past and the present, from the Near
East, the Maghreb and Andalusia. A culmination
more subtle than a simple accumulation of tech-
niques, it has been an enduring ecological suc-
cess, proven by the course of human history.

In the definitions which open the Kitab al-
filahah (Book of Agriculture), this function is
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said to be blessed by God because it has as its end
the production of the sustenance of life. Agricul-
ture consists of restoring to the earth what has
been furnished by harvesting from it, by fertiliz-
ing, watering and making efforts to avoid the
problems caused by excessive heat. This restora-
tion to the soil implies a knowledge of the
whole — the soils, the plants, the most suitable
tools. Balance (mizan) is the aim, or reciprocity
between what is taken from the earth and what
must be given back in order to make this vital
alliance with Nature endure.

The complex union of facts with the general
conjunction of the Mediterranean world between
the eleventh and the fifteenth centuries means
that a de-positioning of history is indispensable
for understanding a crisis as well as a success. No
progress is linear, and it is always useful to draw
inspiration from the aleatory nature of history, in
order that this discipline, fundamentally cultural,
may also have a practical impact.

The successional right of the four Islamic
judicial schools permits “holdings” according to
a customary right which is similar to the right to
private property of the Romans. Royal power
encouraged territorial expansion among the
princes of the blood and high officials of the state.

From a historical point of view, the important
thing is the fact of reciprocal information through-
out the Dar al-Islam (the Islamic world). There
emerges the impression of a coherent school and a
general movement — of people, goods and
ideas — from the East to the Islamic West.

The ancient tradition, prolonged and recov-
ered from the ancients (al-Alwalr), integrated
the ideas of fourth century scholars like Aristotle,
Dioscorides, Galen and Anatolius Democritus
with those of the botanists of the ninth century
and contemporary scholars of geoponics, the art
and science of cultivating the earth. If the myste-
rious Filahat al-Nabatiyyah (Nabataean Agricul-
ture, by Ibn Wahshiyyah, ca. 1,000) traces the
origins of agriculture back to Adam, those who
lived in the classical age were equally inspired by
knowledge obtained from anonymous farmers
who retained the memory of ancient ways. Tra-
dition and scientific curiosity have not always
been at odds with each other.
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On a religious level, the earth and water, as in
the Hebraic tradition, belong to no one person;
they belong to God. Historical accounts of
Islamic expansion distinguish between Arab
lands and lands situated in the conquered coun-
tries. Under the early caliphs, Arab lands were
surveyed and registered. A basic tax was
established, 10 dirhams for a jerib of grapes,
8 dirhams for a jerib of palm trees, 6 on a jerib
of sugar cane, 2 on barley. The jerib, a unit of
measure, equaled 360 cubits, according to
al-Mawardi. The lands of people who freely
converted to Islam were subject to a deduction
of a tenth, dime, varying according to province
and century from the eighth to the twentieth cen-
turies. In Andalusia, the tax was one-fifth. After
the Reconquista, the farmers there continued to
be called quinteros.

Lands which were forcibly conquered were
redistributed. Al-Wansharisi, a fifteenth century
Maghreb legal expert, notes numerous examples
for studying classical Islamic agriculture in
Andalusia and the Maghreb.

Collective lands, jema’a, existed in certain
parts of Dar al-Islam, used for the movement of
flocks of large and small grazing stock. Culti-
vated land was also divided up legally and
parceled out.

“Tributary” lands were conquered lands lying
outside Arabia, beginning with Syria (Sham).
They were considered lands not belonging to
anyone, the property of the state or the caliph.
By contrast, they were left to their former owners,
according to a right of use. A land tax called
kharaj was paid to the Treasury (bayt al-mal)
and the amount of tax was set according to the
quality of the soil. From the 700s, the principle
was applied in the form of a supplemental tax to
Jews, Christians and Sabeans, being the Ahl al-
kitab (People of the Book), or dhimmis.

Individual land holdings were called igta, they
were lands grafted to a private individual
according to clauses which were more or less
restrictive depending on rents. All lands which
the caliph gave to his subjects so that they might
transform and cultivate them were so designated.
Wagf lands were lands granted by private indi-
viduals to mosques, hospitals, schools and other
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charitable institutions. They are often translated
as charitable properties. They were not subject to
land speculation.

All these lands, except for the wagf properties,
could be the object of commercial transaction —
sale, rent, or purchase — which had nothing to do
with feudal land statutes. In the twelfth century,
the Sevillian Ibn Abdiin, in his Treaty of hisbas,
encouraged personal appropriation of land as a
means of stimulating economic growth.

The information which appears in the docu-
mentation needs examining. It is based on exper-
imentation which resulted in the shattering of
prior philosophical premises. Empiricism
appeared to be the condition of renewing knowl-
edge and techniques. Ibn al-‘Awwam writes: “I
affirm nothing which seems right to me without
having proven it in numerous experiments”. In
agriculture, the results refer to the practical suc-
cesses of sheaves of grain, fruits, or taxes.

The theory of climates, al-iklim, compares
Andalusia with Iraq and makes pertinent constant
reference to Nabatean agriculture.

“Indeed”, writes Ibn al-‘Awwam, ‘“what suits
our country is the result of what comes from the
concordance of tradition with experimental
results”.  The  respect for  ecological
balance — mizan — between the soil, the micro-
climate, and various cultivated plants guarantees
the success of the harvest. The “weather” governs
the results, and the seasons are stated in the “Cal-
endar of Seville” according to their names in
Syrian, Persian, Hebrew and in indigenous
romance languages. More subtle than a syncre-
tism, it was a question of a whole society.

Islamic agriculture had, at first, been Arab
agriculture, since Islam first appeared in the
Arabian peninsula, among the Bedouins and
camel drivers. Around the big cities, agriculture
was the agriculture of the oasis, a natural miracle
brought about by the presence of water in a
desert of sand and stones. The history of agricul-
ture in Islamic countries, established over a long
duration as Fernand Braudel has described, is
made up of a fundamental unity. The first great
geo-climatic regions were sub-arid dominants
around the Mediterranean basin. The
Ummayyad empire, then the Abbasid empire,
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finally integrated the sub-tropical regions with
temperate ones. However, the essential original-
ity of Islamic agriculture is still linked to
the Mediterranean regions and to the fluvial
valleys. The first Islamic empires and the caliph-
ate of Andalusia owed their agriculture to the
great rivers carrying water and fertilizing silt
(alluvium); the Tigris, Euphrates, Nile, Guadal-
quivir and the Guadiana all gave both soil and
waterless, sun baked lands.

Between the seventh and the thirteenth cen-
turies, the displacement of peoples and technical
skills gave rise to a migration of cultivated
plants, from the East towards the West, from
subtropical zones towards the Mediterranean
basin, from the monsoon regions to semi-arid
lands; from China towards Persia, passing
through India; and from Afghanistan towards
the Fertile Crescent and the Maghreb, creating
in its passing the gardens of Sicily and of Anda-
lusia. Just as the ancient Romans constructed
aqueducts and waterworks to provide food on a
scale for the cities and municipalities which
were their centres of power, so the Islamic
empire, founded on caravan cities, also wove a
net across the countryside of hydraulic equip-
ment for agricultural adaptation, for example
acequias [an earthern channel that conveys
water], ganats [a water management system]
and norias [a stone grinding wheel]. In spite of
the progressive climatic diversification which
occurred as the area ruled by Islamic law
increased, from the Sudan to the Caspian sea-
ports, from the Straits of Gibraltar to the bound-
aries of the Ottoman Empire and to India, the
determining character of their agricultural sys-
tem remained the adaptation of irrigation to local
and regional needs and the spread of plant spe-
cies away from their original ecosystems.

The spread of agricultural land and the inten-
sification of irrigation in sub-Iberian regions
which tended to be hot and very humid sub-arid
areas were spectacular. Legal aspects of land
holding were closer to those of Rome and Byzan-
tium than the medieval West. Individual property
ownership was actively encouraged.

Technological and cultural methodologies
were informed by the need for renovation while
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remaining empirical. Among the agrarian jobs,
that of the autumn harvest is characteristic in that
the human job prevails over the financial invest-
ment. The swing plough was preferred over the
heavy Brabout plough of the French colonist; not
exposing the deep beds of cultivated land to ero-
sion and intense heat was the golden rule of
ecology in Andalusia. In the golden Andalusian
age, this protection of the Mediterranean soils
was subject to laws of a scrupulously careful
ecology. The misha, a heavy, hand-held spade
was the tool for restoring the soil. The object of
such agriculture was closing the soil, not
opening it.

Among agricultural systems, the biennial rota-
tion of crops is essential for maintaining fallow
fields. Biennially or by a more complex number
of years, but always by an even number, the
rotation of crops shows a deep understanding of
the plant world. The refertilization of soil, the
base of all agriculture, comes about through the
joint knowledge of plants and soils, the mastery
of botanical and edaphic science. In Andalusia,
well before the era of the English physiocrats of
the 1800s, this agriculture revolution was closely
based on high level of knowledge of the life
sciences and on a love of nature which was the
common gift of both the Islamic and the Hebraic
tradition.

Certain plants modified dietary habits, for
example sorghum, a common basis of diet in
Asia and Africa; rice in flooded areas; sugar
cane which is used for preserving and for thera-
peutics; the eggplant transported by the Jews in
the second diaspora; citrus fruits from China;
durum wheat from Africa, a nutritional mainstay
in the form of bulgur and couscous; watermelons;
and banana trees, acclimated in Egypt before
arriving in the Maghreb and Andalusia.

The cultivation of other plants influenced
styles and types of clothing throughout the
Islamic regions. There was cotton, introduced to
Andalusia after the arrival of the Kurd Ziriyab in
the 900s, dye plants which brought a passion for
Persian and Indian colours to the puritanical Ber-
bers, and perfume which supplied the base of a
whole range of products, such as lotions, salves,
and soaps, and which was manufactured from the
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almost limitless supplies of fragrant flowers from
Turkey and Morocco.

With a deep love of nature and a relaxed way
of life, classical Islamic society achieved ecolog-
ical balance, a successful average economy of
operation, based not on theory but on the acquired
knowledge of many civilized traditions, a society
which wanted to live without the spectre of fam-
ine and hunger.

Colonialism seriously upset the traditional
agricultural balance in order to increase profit-
ability for the colonizers. This has been widely
written about and is proven today by global eco-
nomic realities. In the 1900s, colonial settlers and
city authorities (wrongly) interpreted the indige-
nous practice of transhumance (moving flocks of
animals from one area to another) as
non-ownership of land. This distortion of a
multisecular custom of complement between
plant and animal husbandry (for example, in the
Maghreb) caused grave damage to the native
economy. Colonial agriculture thus found
pseudo-legal advantages in a vast redistribution
of land, which brought great economic benefit to
the colonial settlers who had come out from the
cities and towns.

We are witness today to the slow recovery of
agrarian balance in former colonies like Algeria.

See Also

Irrigation in the Islamic World
Qanat
Technology in the Islamic World
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Agriculture in the Pacific

William C. Clarke

The environments where traditional agriculture
was practiced in the Pacific Islands ranged from
frost-prone but gardened mountain slopes at
8,500 ft (2,600 m) in Papua New Guinea to tiny
atoll islets lying scarcely above the reach of the
waves in the always warm equatorial ocean.
Heavy downpours almost everyday keep some
places in the Pacific Islands permanently humid;
short wet seasons followed by long dry spells
characterize the rainfall in other places. Still
others with almost no rainfall are true deserts.
Some single islands contain this whole
range — the big island of Hawaii, with its high,
massive volcanoes and its sharply contrasting
windward and leeward coasts, is a notable exam-
ple of such climatic variety. A comparable dis-
similarity exists in Pacific Island soils, with some
young volcanic soils being highly fertile, whereas
on atoll islets the only natural soil material may
be rough coral rubble, which is alkaline, has a
very low water-holding capacity, contains little
organic matter, and is unable to supply plants
adequately with many of the nutrients required
for vigorous growth.

Traditional Pacific Island agriculturalists met
this wide range of often challenging conditions
with an even wider range of agronomic tech-
niques and crops, which enabled food production
on all but the most barren islets or at the highest
elevations of the larger volcanic and continental
islands. This wuniverse of agroecosystems
included elaborate terracing and irrigation to
grow the water-loving taro, massive drainage
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works to grow less water-tolerant crops such as
sweet potatoes, mulching and composting to
enrich the soil and to slow water loss, planting
crops in built-up mounds of soil to encourage
cold-air drainage and so lessen frost damage,
planting in excavated pits to reach the water
table on dry atoll islets, and (in systems of
shifting cultivation) the use of forest or woodland
fallow — planted in some places, spontaneously
natural in others — to restore fertility to soils after
they had been gardened.

The Origin and Evolution of Pacific
Island Agriculture

When, from the sixteenth century onwards, Euro-
pean explorers began to encounter the sophisti-
cated Pacific Island agriculture then practiced, it
was not surprising that some of them believed
they had sailed to a Garden of Eden, where bread-
fruit trees and coconut palms provided food with-
out work, and where only a little labor was
needed to make irrigated terraces of taro bear
heavy harvests of starch-rich corms or tilled
beds of sweet potatoes produce many baskets
full of nutritious tubers. Initially, Europeans saw
this productive agriculture as though it were some
sort of a divine gift given to the Pacific Islanders,
who had been favored with gardens and orchards
that yielded unchangingly through time and that
remained continuously in harmony with local
environments. It is now clear on the basis of the
extensive research into Pacific prehistory carried
out only over the past few decades that such a
view is far from accurate.

Pacific Island agriculture has never been
static. It has been evolving constantly from its
beginnings, as migration led people to new envi-
ronments where there were previously unknown
wild plant species, as the agriculture itself
changed the environment, as the need for food
expanded with growing island populations, as
new crop plants were introduced, or as the agri-
culturalists experimented and introduced produc-
tive innovations. The Pacific Island agriculture
first seen by Europeans was only an instant snap-
shot of a long and very dynamic history.
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Twenty-five years ago it would have been
asserted confidently by many scholars that Pacific
Island agriculture had originated in southeast
Asia and that Pacific Island cultivated plants
had been domesticated in that same hearth. All
that the ancestors of Pacific Islanders had done
was to carry the Asian techniques and crops with
them as they dispersed to the farther oceanic
islands. It was recognized that the sweet potato
and a few other less important crops did not fit
this scenario, having been shown to have origi-
nated in the American tropics. However, the pres-
ence of these exceptions was explained away by
various, often fanciful, theories of migration or
simply as the result of introductions by Portu-
guese or Spanish voyagers during the fifteenth
and sixteenth centuries — though recent
archeological research in the Cook Islands
(central eastern Polynesia) shows the sweet
potato to have been present there by about
AD 1000.

We know now that although some plants of
Southeast Asian origin and domestication were
transferred without significant change far into
the Pacific (some species of yam, for instance),
there is also evidence in support of early indig-
enous domestication and development of agri-
culture in the Pacific, specifically in western
Melanesia (Solomon Islands and the island of
New Guinea). The length of occupation there
(at least 40,000 years in New Guinea) is more
than sufficient for the experimentation necessary
for independent domestication. And chromo-
somal and paleobotanical studies now indicate
that plants that may have been domesticated in
this region include sago, one type of Colocasia
taro, one kind of banana, sugar cane, Canarium
(anut-bearing tree), Saccharum edule (arelative
of sugar cane with an edible inflorescence), kava
(the ritual and social drink still important in
many parts of the Pacific Islands), and a variety
of other plants, including several fruit trees.
This attention to trees and the creation of
orchards is a characteristic of food production
all across the Pacific and was probably carried by
itinerant colonist-cultivators from its place of
origin in western Melanesia to Polynesia and
Micronesia.
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Further, especially strong evidence for the
early development of agriculture to the east of
southeast Asia comes from an archeological
study in the Papua New Guinean highlands at a
place called Kuk. A great deal has been written
about Kuk, and the evidence has been interpreted
in various and changing ways, but there is general
agreement that Kuk demonstrates a long history
of agricultural development, beginning about
9,000 years ago and involving, among much
else, an ever-growing complexity of drainage
works and water control in a large swamp,
changes over time in cropping combinations
from mixed gardens to taro monoculture to
sweet potato dominance, responses to deforesta-
tion and land degradation brought about by
shifting cultivation on the surrounding slopes,
and the development of planted or encouraged
tree fallows. Kuk, as well as evidence from pre-
history elsewhere in the Pacific, shows that a
dynamic agronomic and botanical science has
long existed in the Pacific, in terms both of
basic understanding and applied techniques. The
origins of agriculture in the Pacific can now be
said to have a time depth comparable to that of
better known sites in southwestern Asia and trop-
ical America.

No less mistaken than the view that traditional
agriculture has been static in the Pacific Islands is
the view that it has always been in harmony with
its environment. Rather, as in the history of any
dynamic agriculture, there have been episodes of
deforestation, serious soil erosion, land degrada-
tion, and crop failure. Pacific Islanders did what
all peoples, especially pioneers, do: in their
efforts to make a living, they actively manipu-
lated, modified, and, at times, degraded the eco-
systems in which they lived, producing
environmental changes that in turn required eco-
logical adaptations and social adjustments. Con-
sidering the whole landscape, the most
widespread of the human-induced changes in
the prehistoric Pacific has been deforestation,
with the cleared forests replaced by grasslands
that required cultivation techniques different
from those associated with forest-fallowed gar-
dens. In many places, fire-maintained fern grass
savannas underlain by infertile, eroded, or
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truncated soils came into existence or were
extended by agricultural activities. This distinc-
tive plant — soil complex is known as foafa in
several Polynesian islands and as talasiga in Fiji.
These dramatic landscape changes resulting from
pioneering clearance for agriculture did not, how-
ever, bring unmitigated environmental degrada-
tion. Rather, in many places, they resulted in what
has been termed “landscape enhancement,”
whereby the eroded soil transported down the
slopes filled in the lower valleys and created
swampy zones that were ideal sites for what
came to be sustained yield, intensive cultivation
of wetland taro. Other responses included the
development of dryland cultivation techniques
to cope with the changed agricultural environ-
ment, irrigated terracing, and an elaborated use
of trees.

Traditional Agriculture in the Pacific
Islands

The wide range of agricultural systems and tech-
niques devised by Pacific peoples over millennia
can be considered as ways of solving the agro-
nomic problems presented by the great variety of
island environments. For instance, in forested
areas of low population density, soil fertility
was maintained by simple no-tillage shifting cul-
tivation wherein natural forest fallow rehabili-
tated the soil after gardening. Where forest was
diminished, leguminous or other nitrogen-fixing
trees (such as Casuarina spp.) were encouraged
or planted. In grasslands a variety of mulching
and composting techniques were developed. On
atolls where soil was poor or absent and rainfall
often low, Islanders created an ingeniously pro-
ductive and sustainable agricultural environment
for the giant swamp taro (Cyrtosperma
chamissonis) by excavating a pit to reach the
water table (“the freshwater lens”) below the
coral rubble and building up fertile soil in the
pit by composting leaves of breadfruit and several
other wild or semidomesticated trees as well as
seaweed, pumice, and other materials.

The management of wet and dry conditions by
irrigation and drainage was widespread and
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ranged from very simple ponds and small ditches
to elaborate, kilometer-long, stone-lined chan-
nels and extensive hillside terracing. Irrigation
and drainage were not necessarily spatially exclu-
sive in that the ditches that drained water away
from sweet potato beds were used to provide a
moist growing site for taro and other water-loving
crops. Water control may also have been used to
control insect pests. As population densities
increased or as political control expanded
enabling greater labor mobilization, some sys-
tems of wet cultivation of taro in Polynesia
became very intensive, productive of yields as
high as from 30 to 60 metric tons per hectare.

The agricultural tool kit of the traditional
Pacific was simple, mostly derived from
unprocessed natural materials: wood, plant fiber,
stone, shell, and bone. Wooden spades were elab-
orated in places where tillage and swamp culti-
vation was common. Wooden hoes were made
here and there but were rare. The paramount
agricultural tool was the digging stick. Used for
loosening soil, digging roots and corms, making
holes for planting and house posts, or as poles for
carrying burdens, digging sticks ranged in size
from heavy, 2-m, two-man tools used coopera-
tively to turn grassland or swampland sod to the
light sticks used by girls to open shallow holes in
soft forest soil. They remain widely in use today,
and modern technology has yet to find a better
tool for planting taro.

Before being replaced by steel tools, stone
adzes and axes were effective in opening vast
areas of forest and were far more sophisticated
than they might seem at first glance. For instance,
the cutting edges of stone axes might be facetted
and asymmetrical to make resharpening more
effective and to prevent the blade sticking in the
tree during felling. Wooden spades and the way
they were handled had similarly subtle attributes.

Organization of agricultural labor varied across
the Pacific, with, for example, men doing the
clearing but women most of the gardening in Mel-
anesia, whereas in Tonga and Samoa in Polynesia
men carried out all the agricultural tasks. Tradi-
tional Pacific livestock comprised the pig and
chicken. Pigs were of great importance ritually
and socially in many places and were a way to
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“bank” the food produced in tuberous starchy veg-
etables, which did not store well. During the
periods when pigs were being accumulated for
ceremonial feasts, considerable land and agricul-
tural labor would be devoted to producing
their food.

Like all traditional agriculturalists, Pacific
Islanders possessed an enormous store of knowl-
edge about both the domesticated and the wild
plants and animals in their environment. This
indigenous knowledge was organized by means
of complex folk taxonomies that provided a
framework for pleasurable intellectual activity
as well as serving practical purposes. Similarly,
aesthetics was a part of Pacific Island science of
agriculture and land use management. Pacific
people in traditional landscapes enjoyed the
arrangement of productive diversity all around.
Medicine here, perfume there, fiber in the hibis-
cus stem, fruit, timber, edible leaves, and so forth.
There is a strong aesthetic pleasure in these
observations of utilitarian diversity. As Malinow-
ski (1935) wrote about the Trobriand gardens he
made famous in Papua New Guinea:

The gardens are, in a way, a work of art. Exactly as
a native will take an artist’s delight in constructing
a canoe or a house, perfect in shape, decoration and
finish, and the whole community will glory in such
an achievement, exactly thus will he go about the
laying out and developing of his garden. He and his
kinsmen and his fellow-villagers as well, will be
proud of his labours. .. During all the successive
stages of the work, visits are exchanged and mutual
admiration and appreciation of the aesthetic quali-
ties of the gardens are a constant feature of
village life.

In the Pacific, as elsewhere, the complexity of
traditional agriculture has undergone a simplifica-
tion in modern times. Polycultural gardens of sub-
sistence crops have been replaced by monocultural
stands of commercial crops such as coconuts, gin-
ger, coffee, and citrus. Intensive systems of irri-
gated taro or dryland yam cultivation have fallen
out of use, often replaced by the less demanding
cassava (manioc). On the other hand, with the
current interest in locally based sustainable devel-
opment, there is a growing concern to revive some
of the indigenous traditional systems that served
Pacific Islanders well in their past.
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The Maya are a diverse group of Native
Americans, who speak 31 languages within the
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Mayan Language Family. They live in Southern
Mesoamerica, in Mexico from Chiapas through
Yucatan and south through Guatemala in the
Peten lowlands and mountainous highlands and
into Belize, Honduras, and El Salvador. Settle-
ments started as early as 2,000 BCE along the
mangrove coastal margins of the Pacific, but most
settlements started after about 1200 BCE, with
identifiable ceramics, and lasted through the
Pre-Classic 1200 BCE to BCE 250 and the Clas-
sic Period from (BCE 250) to (BCE 850).
Declines or transitions punctuated their history
at the end of the Pre-Classic, perhaps in the Mid-
dle Classic, (BCE 500), the sharp decline often
called the Maya “Collapse” in ninth century
(BCE), and the population collapse due to the
diffusion of European diseases and conquests
starting in the sixteenth century. All but the last
of these major transitions are regional, and the
most famous is the Terminal Classic Collapse of
the ninth century (BCE), which occurred in the
central lowlands of Guatemala’s Peten state and
adjacent Belize, Honduras, and Mexico’s
Chiapas and southern Yucatan. Much of the writ-
ing about the Maya, including about its agricul-
ture and environment, focuses on this Terminal
Collapse and the Late Classic period (BCE
550-850) that preceded it though more and
more publications are dealing with both the pre
and post classic periods. The terminal classic in
the central Lowlands represents an end to this
intensive urban and agricultural civilization’s
great achievements in building, writing, art,
astronomy, and agriculture, and the relatively
quick return of tropical forests that enveloped
the temples and terraces that had functioned for
centuries.

The Maya World has two main geographic
divisions: volcanic highlands and limestone low-
lands. The highlands center on a series of north-
south running and variably active volcanoes
along the Pacific Coast side, which abut a com-
plicated series of metamorphic and sedimentary
rocks to their east. The Maya farmed these slopes
and river valleys from Chiapas, Mexico into Gua-
temala, Honduras, and El Salvador. These
uplands generally have deep and fertile soils,
though rainshadow driven dryness, steep slopes,
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some poor soils, and seismic volcanic events
have limited subsistence in different places at
different times. The lowlands mainly refer to the
limestone Yucatan platform ranging from Mex-
ico, through Guatemala, to Honduras. Within this
division are the karst plains of the northern
Yucatan with no rivers but sinkholes, the faulted,
karstic central and southern Yucatan, the more
complicated geology to the south (including the
granitic Maya Mountains); and the surrounding
coastal zones with rivers and more coastal
resources.

Climate also varies significantly across this
region, from the semi-arid northwest Yucatan
with about 500 mm of annual rainfall to the
high elevations of the Maya Mountains that
receive almost ten times more rainfall. Generally,
the lowlands receive about 1,000-2,000 mm of
rainfall and most of the region does have a dis-
tinct dry season from December to May that must
be figured into every agricultural practice and
adaptation in the region. These general regions
all provide different potential resources and lim-
itations for agriculture. One limitation for the
whole region was recurring drought that corre-
sponds to cultural declines especially with the
Terminal Classic Collapse (Hodell, Brenner, &
Curtis, 2000).

Research into Maya agriculture is long and
rich. The start of agriculture in the Maya World
comes from the earliest evidence of maize in the
floodplains of coastal Veracruz by about 7,000
BP and evidence from starch grains for root crops
in nearby Panama comes about the same time
(Piperno, Ranere, Holst, & Hansell, 2000). This
beginning of Mesoamerica’s great triumvirate of
staple crops — maize, bean, and squash — comes
with the spread of extensive » swidden or milpa
farming and perhaps floodplain farming. This
shows up in the Maya Heartland of Guatemala’s
Peten and nearby Belize from about 5,000 to
4,000 BP as increased charcoal and pollen from
the weeds that usually accompany agriculture.
Pollen from maize and manioc actually show up
before 5,000 BP in Belize (Jones, 1994; Pohl,
Pope, Jones, Jacob, Piperno et al., 1996).

In the early twentieth century, scholars viewed
swidden agriculture as the means for how the
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ancient Maya fed themselves because many had
observed milpa farming across the region and
studies showed that it provided a level of subsis-
tence needed for the dispersed populations of a
tropical forest civilization. In the 1960s, though,
many scholars came to see the milpa as insuffi-
cient to feed the growing estimates of ancient
Maya populations. Many regional surveys started
showing more and more large-scale Maya sites
that must have had high populations, and studies
for decades had reported evidence for intensive
forms of agriculture, including extensive, well-
made terraces.

The agricultural staples of the Maya worlds
were of course maize, beans, and squash, though
there were a host of other possible and known
crops like cassava, sunflower, amaranth, and
many other fruits and vegetables, whether culti-
vated or collected. There were also sources of
meat from turkeys, ducks, doves, deer, fish, and
other animals, though what role they played in
Maya agriculture and what proportion of Maya
diets they made up is still not well known. Cacao
was certainly an important commodity grown in
different environments over much of the Maya
Lowlands. Since we know from documents and
archaeological evidence that the Maya and other
Mesoamerican peoples highly prized cacao,
scholars have tried to identify cacao in many
possible ways: by noting the requirements of the
crop, using ethnohistorical information, and
looking for pollen and other fossil evidence.
Tobacco, cotton, palms, and many others were
nonsubsistence crops. This cornucopia of known
foods has also fueled discussion of other possible
staples to feed large populations and solve the
riddle of Maya subsistence (Dahlin et al., 2006).
Scholars have found evidence for use of many
other crops like agave and many arboreal ones
like ramon or breadnut (Gomez-Pompa, Salvador
Flores, & Aliphat Fernandez, 1990).

Forms of Agriculture
We should note that we still know little about the

agriculture of the ancient Maya, but many tradi-
tional and novel techniques are turning up more
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evidence with each field season (Beach,
Luzzadder-Beach, & Dunning, 2006b). Tradi-
tional research tools are still the backbone of
research and include regional survey, sampling,
mapping, and archaeological excavation. Adding
to these methods have been an array of steadily
improving geophysical, chemical, and biological
methods. Each of these methods are whole sub-
jects in themselves but we should not divorce a
discussion of the methods from the findings,
because techniques change and may make find-
ings obsolete. For example, remote-sensing tech-
nologies have added to our breadth of knowledge,
but some radar images have produced false-
positive identifications for vast wetland agricul-
ture in areas that are not even wetlands.

We can divide ancient Maya Lowlands agri-
culture into upland and lowland forms and out-
field and infield forms. Upland agriculture
occurred on well-drained and seasonally drained
soils and lowland farms had to contend with
seasonally or perennially high water tables. Out-
fields simply refer to fields at some distance from
Maya sites and infields were agricultural areas
within or adjacent to sites and thus more likely
the focus of intensification techniques.

One type of infield in Maya societies is kitchen
gardens or solares, which is still a common fea-
ture of traditional and indigenous communities.
These, like similar farming systems around the
world, are intensive, high input, close-to-home
adaptations for growing crops. Kitchen gardens
often use polycultural methods that grow as much
on small areas as possible by arranging crops at
different levels or canopies. Ethnohistorical stud-
ies have found that polycultural gardens produce
about 11 % of domestic caloric intake and few
bulk staples, focusing more on dietary supple-
ments, medicinals, ornamentals, and ritual
objects. Archaeological evidence such as the
size of walled areas around mounds may how-
ever, suggests greater pre-Hispanic contributions
from kitchen gardens at certain periods (Beach
et al., 2006b).

In uplands, milpa, or slash and burn farming,
is the mainstay of nonintensive agriculture.
A milpa is small farm that milperos slash
and burn usually toward the end of dry season
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(from December to May). Milperos slash the
tropical forest vegetation today with metal
machetes (or more mechanized implements)
but had to use stone tools in antiquity. They
would slash vegetation, including girdling trees
to make the vegetation dry enough to burn, and
thus produce enough wood ash to enrich and
prepare the seed bed for planting. They would
usually plant multiple crops (e.g., corn, beans,
squash, and chilies) in each milpa and indeed
prepare more than one milpa every year to insure
against the vicissitudes of climate (e.g., drought
and hurricanes) and pests in these seasonally dry
tropics. Each milpa might remain productive for
2 or 3 years and then weed competition and
nutrient depletion would drive farmers along to
new areas to slash and burn. Farmers might
return to the old milpas after fallows of 10 or
more years and restart the process. Although this
is extensive agriculture, farmers might intensify
this by shortening the fallow time, but this
requires more labor for weeding and fertilizing
(Beach et al., 2006b).

Upland agriculture occurred along slopes of
varying degrees and, for any semblance of long-
term sustainability, required conservation tech-
niques to limit soil erosion in the Maya Low-
lands, where the limestone soils were already
thin, and in the Highlands, where slopes are
much steeper and longer. We have substantial
evidence that soil erosion, in lake sedimentation
and buried depression soils, started early, by
about 3,000 BP, in the Maya Lowlands. Rates of
erosion only rise when major drivers of erosion
occur and the main evidence for such drivers is
the coincidence of weed and crop pollen, char-
coal, and mineral sediments. These link defores-
tation and Maya farming together with increased
runoff, caused by some combination of decreased
transpiration and infiltration into soils. The
increased erosion may have also coincided with
another erosion driver, namely moving defores-
tation onto steeper slopes, where gravity can act
to accelerate overland flow and all major types of
water erosion. Modern evidence in this region
shows that erosion rates are very high after defor-
estation and soils erode to bedrock surprisingly
fast. Some scholars have even linked soil erosion
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with the Terminal Maya Collapse (Beach, Dun-
ning, Luzzadder-Beach, Lohse, & Cook, 2006a).

Ancient Maya farmers, like early farmers
everywhere, had to adjust their early pioneering
experience. They had several options that all
required more labor inputs: conservation tech-
niques on slopes or management of flat or depres-
sion environments. The least laborious options
would have been to farm flat areas, but there
were too few flat areas that were not seasonally
waterlogged around the settlement-carpeted
limestone, karstic ridges of much of the central
Maya Lowlands.

Upland Agriculture and Terrace Systems

In many places around the Maya Lowlands are
large tracts of terraced lands. Indeed, travelers
have mentioned terraces since at least the early
twentieth century, and they have since identified
many types of terraces that take advantage of
specific slope situations. Terrace systems are
intensive forms of agriculture that attempt to
engineer slopes to make them sustainable. Indig-
enous terrace systems, starting more than
5,000 years ago, are nearly a universal human
adaptation to farming on steep slopes, with sev-
eral ancient terrace systems such as those in
the Philippines, recognized as UNESCO World
Heritage Sites. The factors that make steep slopes
unsustainable are thin soils that cannot store
enough water or nutrients and extremes of
water: either too much destructive overland flow
or too little to support crop needs during the
dry season. Thus for terracing to be worth the
heavy labor efforts, farmers must build up soils,
minimize the impacts of overland flow, and max-
imize soil moisture for the growing season.
Terrace systems also must return nutrients
harvested in crops to maintain crop yields over
time. Studies have thus attempted to find evi-
dence for soil depletion coinciding with the Ter-
minal Classic Collapse as well as find evidence
for terrace soil maintenance from night soil,
composted waste, and wetland organic matter
(Turner, 1974; Beach, Luzzadder-Beach,
Dunning, Hageman, & Lohse, 2002).
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Terraces must function to slow the destructive
force of overland flow, divert water away or to
soils, help drain excess water, and dam up soils
and potential fertility. There are surprisingly
common terrace remnants left in the Peten after
more than a thousand years and most tend to be
engineered from limestone boulder dams, though
some are earthen and some might have been
vegetative hedges as well, which have left no
obvious traces. The terrace dams were either sin-
gle rows of large boulders or double rows of
boulders with gravel, cobble, and ceramic fills.
They often had gravel bases and cobble buttresses
and some still testify to pre-Maya times with soils
buried below the terrace dams and below soil
sequences that filled in behind the dams
unintentionally or by active human manipulation.
Terraces occur in many slope positions:
contoured around slopes, across channels, as
boxes with little slope, around crests, and prom-
inently at the base of slopes. Some landscapes
have all types; others only have one. Since each
has a different slope position, each creates a dif-
ferent microenvironment with different soil
moisture conditions and aspects or orientations
to the sun. In most cases a large part of the terrace
system has eroded away, and, thus, our real evi-
dence for an agricultural landscape integrated
with diversion cannels is often only theoretical.

All of the terrace types are common, though
box terraces are much smaller and more easily
expunged by tree roots and slope wash. Some
scholars have linked these systems with intensive
nursery crops that could be replanted at some
point in their lifecycle. Footslope terraces show
up in many places because they are usually
constructed of larger boulders that persist through
time. These may have functioned to build up
some areas above water tables in large, low ele-
vation seasonal wetlands. Hence, we think the
base of slopes that often ring depressions was an
important focus of agriculture, where soil depth,
fertility, and moisture could have been managed
to lengthen the growing season. Likewise, upland
sinkholes, called aguadas or rejolladas, could
also have been a focus for agriculture because
soil depths, fertility, and moisture could have
been managed to lengthen growing seasons.
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Some evidence exists for early terrace adop-
tion, perhaps by 2600 BP, though most evidence
of terracing coincides with the other large-scale
building of the Late Classic period. Many sites in
the Maya world, such as Caracol, La Milpa, the
Rio Bec, Xunantunich, and the Petexbatun, had
widespread terracing by the Late Classic period,
though other notable sites like Copan and the
Central Peten lakes region provide only meager
evidence (Beach et al.,, 2002, 2006a, 2006b;
Beach & Dunning, 1995).

Another form of upland soil management is
field ridging, which looks like plowed furrows
but required significantly more labor in Maya
societies where beasts of burden were not avail-
able. Field ridging has been reported in many
parts of Mesoamerica, but the most significant
are the preserved fossil ridges in the ash covered,
Maya Pompeii site of Ceren, El Salvador, which
blankets a Classic Maya village from ca. BCE
650. The low ridges formed the seedbeds, and
maximum air and water drainage could occur in
the furrows. At Ceren, only one of eight exca-
vated fields was in fallow, probably indicating
much more intensive farming on these fertile,
volcanic soils than could be possible in lowlands
milpas that required years of fallow or heavy
fertilizing and weeding (Beach et al., 2006a,
2006b).

Lowland Intensive Agriculture

Lowland agriculture takes advantage of low sites
where erosion is not significant, but water man-
agement is necessary to provide enough water in
dry sites and enough root aeration in wet sites.
These areas do not suffer from much erosion but
all agricultural lands must still be fertilized for
intensive long-term cropping.

One particular Maya region provides an inter-
esting case study: the northwest Yucatan site of
Chunchucmil. Here the soils are thin or nonexis-
tent and the rainfall is spotty and low; yet this
Maya site had many thousands of inhabitants
around BCE 400-600, where today a few hun-
dreds have trouble growing enough food. Milpa
farming today produces only a small fraction of
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food requirements, but somehow high
populations occupied this region ca. 1,500 years
ago. Thus, either they imported food based on
some other trade commodity or they used some
extremely intensive systems. One line of evi-
dence lies in the numerous polygonal wall sys-
tems around habitation mounds and surrounding
empty lands. The walls only tell us that groups
were trying keep predators or people out, and
scholars are looking for every line of evidence
about manufacturing and markets that might have
functioned to provide trade goods for food from
elsewhere. But these may also have been inten-
sive kitchen gardens with traditional or special
crops that were heavily fertilized with all possible
wastes the site and organic matter from nearby
wetlands. Modern farmers do enhance their
solares this way, and we can balance subsistence
for large ancient populations by maximizing
infield, arboriculture, and surrounding outfield
production (Dahlin et al., 2006).

Another type of agriculture that occupies the
middle ground between uplands and lowlands is
bajo or karst-depression agriculture (Beach et al.,
2002; Dunning et al., 2002). This ranges from
cropping that occupies the backslopes of small
sinkholes of a hectare or less called aguadas or
rejolladas to cropping into and around large sea-
sonal sinks called bajos that are sometimes many
square kilometers. Pollen of maize, cassava, and
other crops in bajo sediments shows evidence of
nearby agriculture, and excavation of surround-
ing terrace berms may show soil and water man-
agement in these “ecotonal” zones, i.e., regions
that straddle two ecosystems.

Agriculture in these bajos was similar to agri-
culture in seasonally flooding valleys. In these
environments, farmers had to manage water
extremes, flooding in the wet season and insuffi-
cient soil moisture in the dry season. One globally
widespread adaptation to such environments is a
risky but productive technique called flood reces-
sional agriculture. Farmers using this technique
plant into the wet soils of receding floods to take
advantage of plenty of soil moisture that might
get a crop through the dry season. As does all
farming to varying degrees, this plays the proba-
bilities of potential drought and enough seed-corn
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to persist through recurrent floods. Farmers could
also more actively manage soil moisture by
ditching, draining, and damming.

Another option for intensive farming was
manipulating perennial wetlands (Duzzader-
Beach & Beach, 2006). All over the Maya Low-
lands perennial wetlands bear witness to a wide
diversity of rectilinear features that look like cob-
webs or other polygonal patterns from the air.
Early on scholars suggested that these may be
relicts of ancient Maya intensive wetland cultiva-
tion because the patterns look similar to the his-
torical Mexica wetland plots or chinampas
around the Basin of Mexico, which, like the ter-
races of the Aztec Realm, were highly productive
systems. These chinampas are still very much
working plots in Xochimilco on the outskirts of
Mexico City, though today they are more for
flowers and tourists than subsistence.

Farming wetland fields requires using plants
that can grow in saturated soils or manipulating
the soils and water table. Indeed, one explanation
for the polygonal field patterns is that they are
simply ditches to drain the fields and lower the
water table below the root zone of typical crops.
Thus such drained fields could function as long as
there was a lower part of the landscape where
water could be drained. A more elaborate model
is a raised field, in which the ditches are built and
the excavated soils and organic matter are used to
build up and fertilize the soil plots. In both
models, canals can be occasionally cleaned out
and used to renew fields. In the Aztec fields, alder
and willow trees were planted around the field
edges to protect the sides from slumping and
erosion (Armillas, 1971). An even more elaborate
model envisions a complex of farming and aqua-
culture akin to the productive but laborious Chi-
nese rice paddy, aquaculture systems.

There are also more natural explanations for
the polygonal wetland patterns. These range from
human ditching in response to sea level rise and
ground water rise to differential expansion pat-
terns caused by a landscape building up from
gypsum precipitating from saturated ground and
surface waters. The first explanation sees wetland
ditching as a Pre-Classic agricultural adaptation
to wetland formation, though in the broader
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region other research teams saw the same patterns
as evidence of Late Classic intensive cultivation
with copious evidence for maize. The differential
heave explanation does not discount the possibil-
ity of human modification of polygonal field pat-
terns but argues for a landscape co-evolving from
human and natural factors.

Another hypothetical use of wetlands for agri-
culture comes from the rock alignments of north-
eastern Yucatan. Perhaps these rock-aligned
wetlands were used to raise algae or periphyton,
which are cyanobacteria communities that have
fertilizer and pesticide characteristics. Or, per-
haps these were dryland plots created before sea
level rise made these wetlands. In either case,
Maya scholars have attempted to use every line
of evidence and push the limits of science to
come up with explanations for Maya subsistence.
Sometimes they have pushed too far and too fast,
but it was usually tin the spirit of seeking out
explanations for the profound and vexing riddles
of the past.

Debates about all forms of ancient agriculture
underscore the difficulty of understanding
ancient subsistence. We only have the lines of
evidence and no historical accounts. Thus, we
have vast terrace systems, walled fields, ridged
fields, and numerous wetland polygons that coin-
cide with millions of house mounds and massive
buildings from especially the Late Classic. We

have evidence of buried soils, elevated
chemicals, fossil seeds, pollen, and other proxies
of the past.

Since there are many types of intensive and
extensive agriculture from around the Maya
realm, many Maya scholars think the ancient
Maya used heterogeneous types of farming,
adapted for the different landscapes, soils, and
climates of the region. Many Maya sites are on
ecotones, such as at bajo edges and ridges that lie
between two and more environments. Around
the sites, evidence for many agricultural adapta-
tions often occur. This makes us guess that,
where possible, ancient Maya farmers tried to
do with intensive systems what contemporary,
traditional Maya farmers do in milpas: minimize
risk by taking advantage of a diversity of sites.
What is different about ancient Maya farming,
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however, are the many kinds of intensive agri-
cultural systems with their extremely high labor
demands.

See Also

Ceramics: Maya Pottery
Swidden

References

Armillas, P. (1971). Gardens on swamps. Science, 174,
653-661.

Beach, T., & Dunning, N. P. (1995). Ancient Maya ter-
racing and modern conservation in the Petén rain forest
of Guatemala. Journal of Soil and Water Conserva-
tion, 50, 138-145.

Beach, T., Luzzadder-Beach, S., Dunning, N., Hageman,
J., & Lohse, J. (2002). Upland agriculture in the Maya
lowlands: Ancient conservation in Northwestern
Belize. The Geographical Review, 92(3), 372-397.

Beach, T., Dunning, N., Luzzadder-Beach, S., Lohse, J., &
Cook, D. (2006a). Ancient Maya impacts on soils and
soil erosion. Catena, 66(2), 166—178.

Beach, T., Luzzadder-Beach, S., & Dunning, N. (2006b).
A soils history of Mesoamerica and the Caribbean
Island. In J. R. McNeill & V. Winiwarter (Eds.),
Soils and societies: Perspectives from environmental
history (pp. 51-90). Isle of Harris, UK: The White
Horse Press.

Dahlin, B. H., Beach, T., Luzzadder-Beach, S., Hixson,
D., Hutson, S., Magnoni, A., et al. (2005).
Reconstructing  agricultural  self-sufficiency at
Chunchucmil, Yucatan, Mexico. Ancient Mesoamer-
ica, 16,229-247.

Dunning, N., Luzzadder-Beach, S., Beach, T., Jones, J. G.,
Scarborough, V., & Culbert, T. (2002). Arising from
the Bajos: The evolution of a neotropical landscape
and the rise of Maya civilization. Annals of the Asso-
ciation of American Geographers, 92(2), 267-283.

Gomez-Pompa, A., Salvador Flores, J., & Aliphat
Fernandez, M. (1990). The sacred cacao groves of
the Maya. Latin American Antiquity, 1, 247-257.

Hodell, D., Brenner, M., & Curtis, J. (2000). Climate
change in the North American tropics and subtropics
since the last ice age: Implications for environment
and culture. In D. Lentz (Ed.), Imperfect balance:
Landscape transformations in the Precolumbian
Americas (pp. 13-38). New York: Columbia Univer-
sity Press.

Jones, J. G. (1994). Pollen evidence for early settlement
and agriculture in Northern Belize. Palynology, 18,
205-211.

Luzzadder-Beach, S., & Beach, T. (2006). Wetlands as the
intersection of soils, water, and indigenous human


http://dx.doi.org/10.1007/978-94-007-7747-7_8750
http://dx.doi.org/10.1007/978-94-007-7747-7_8874

112

society: In the Americas. In J. R. McNeill &
V. Winiwarter (Eds.), Soils and societies: Perspectives
from environmental history (pp. 91-117). Isle of Har-
ris, UK: White Horse Press.

Piperno, D. R., Ranere, A. J., Holst, 1., & Hansell,
P. (2000). Starch grains reveal early root crop horti-
culture in the Panamanian tropical forest. Nature, 407,
894-897.

Pohl, M. D., Pope, K. O., Jones, J. G., Jacob, J. S., Piperno,
D. R, deFrance, S. D., et al. (1996). Early agriculture
in the Maya lowlands. Latin American Antiquity,
74(4), 355-372.

Turner, B. L., II. (1974). Prehistoric intensive agriculture
in the Mayan lowlands. Science, 185(4146), 118—124.

Agriculture: Ancient Methods

Alexia Smith

Today very few communities subsist upon hunt-
ing and gathering, with the majority of the
world’s population living a sedentary life depen-
dant upon agriculture. The shift from gathering
wild plants and hunting wild animals to depen-
dence upon crop production and animal herding
took place independently in different parts of the
world at different times. The earliest develop-
ment of agriculture is widely thought to have
occurred around 12,000 years ago in the Fertile
Crescent of Southwest Asia. The Fertile Crescent
forms an arc leading up the Levant from the
Negev Desert of Israel to southeastern Turkey,
turns east along the Taurus-Zagros mountain
chain, and then south between the Tigris and
Euphrates rivers down to the Persian Gulf. Inde-
pendent development of agriculture occurred
later in South and North China, Central America,
South Central Andes, the Eastern United States,
sub-Saharan Africa, and perhaps Papua New
Guinea.

Food Production Terminology
The ways in which societies throughout the world

have organized food production varies greatly
through time, and the terminology used to discuss
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early agriculture underscores the diversity of
methods that can be used to produce or acquire
food. In its widest sense, agriculture refers to the
cultivation of crops and the rearing of animals.
Animal husbandry refers to general animal
rearing, whereas pastoralism describes a socio-
economic specialization in production where ani-
mal rearing forms the primary economic
endeavor of a community. The methods of pro-
duction can vary widely, including nomadic pas-
toralism, which involves permanent migration
and seasonal transhumance — where animals are
moved periodically from a home base to pasture
land. The term cultivation describes the prepara-
tion of land and tending of crops, which can
include large- or small-scale crop production
and slash-and-burn agriculture. Horticulture
relates specifically to the production of fruits,
vegetables, and flowers, and in preindustrialized
societies was usually garden-based. Domestica-
tion is more difficult to define and there is no
universally agreed upon definition. In general,
however, domestication refers to the selection of
desirable traits in plants and animals that leads to
the genetic modification of a species, and reduces
its ability to reproduce without intervention by
people. Desirable traits may include reduced
aggression in animals, allowing them to be con-
trolled more easily, or ease of harvest and greater
yields in plants. It is possible, therefore, to culti-
vate wild plants with domestication occurring
only when selection processes affect natural
reproduction mechanisms.

Evidence for Ancient Agriculture

Throughout the world, writing or notation sys-
tems developed well after the beginnings of agri-
culture, so there are no texts documenting the
transition and our knowledge is based entirely
on archaeological observations of plant and
animal remains, changes in settlement size
and patterns, storage facilities, and tools.
Zooarchaeology examines ancient interaction
with animals. The species, age, and sex of animal
bones retrieved from archaeological sediments
can be determined by reference to modern
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comparative skeletal material, and this informa-
tion can be used to examine herding and hunting
strategies. Paleoethnobotany or archaeobotany
examines plant use in the past. Plant remains are
preserved on archaeological sites predominantly
through charring, an accidental process that ren-
ders them inert to bacterial or fungal decay; less
frequently plant remains become preserved
through waterlogging, desiccation, freezing,
proximity to toxic metals, or indirectly by leaving
an impression in ceramic vessels. Excellent pres-
ervation conditions are provided under water-
logged and desiccated conditions, although such
finds are in the minority and are generally
restricted to lakes and coastal margins or deserts.
Charred remains are retrieved using flotation,
whereby an archaeological sediment sample is
placed in a large container of water and, follow-
ing gentle agitation, the plant remains float to the
surface where they can be collected. The remains
are identified based on morphological similarity
to modern reference material, and knowledge of
crop and weed assemblages can be used to inves-
tigate a number of topics including crop domes-
tication and methods of crop production,
harvesting, and processing. Until recently, most
paleoethnobotanical research had focused upon
identifying cereal, legume, fruit, and weed seeds
in the archaeological record but now, following
pioneering work by Hather, increasing emphasis
is being placed upon identifying tubers and inves-
tigating the role that vegetables played in the
ancient diet. Such research is in its infancy, how-
ever, so the importance of horticulture in antig-
uity is likely underestimated.

Theories Explaining the Origins of
Agriculture

A number of theories have been proposed to
explain the origins of agriculture. Since farming
was developed independently in different loca-
tions, the motives likely vary reflecting local
social, cultural, environmental, and climatic fac-
tors. In Southwest Asia, the change occurred dur-
ing a period of climatic amelioration after the
Younger Dyras, a cold period marking the end

113

of the Pleistocene and the beginning of the Holo-
cene. Building upon work by Raphael Pumpelly,
V. Gordon Childe argued in the 1930s that cli-
matic deterioration forced people to concentrate
within small oases and that these new conditions
would have stimulated cultivation. His “Oasis” or
“Propinquity” theory is not supported by paleo-
climatic data, does not adequately explain the
changes, and furthermore is viewed as too envi-
ronmentally deterministic. To its credit, however,
the theory stimulated much research on the ori-
gins of agriculture. In the 1960s and 1970s,
Binford, Cohen, and Hassan put a number of
related “Push” models forward. They argued
that population growth or climatic change
disrupted the food balance and provided the nec-
essary incentive to begin cultivating crops. These
models have also been criticized for being
oversimplistic and monocausal as well as
deterministic. Flannery expanded upon Binford’s
ideas and proposed a “Broad Spectrum Revolu-
tion”. Citing data from Southwest Asia and
Mesoamerica, Flannery argues that prior to the
dependence upon agriculture, people greatly wid-
ened the range of plant and animals exploited,
and developed new tool types, different methods
of storage, and gained familiarity with other food
resources. These changes created the necessary
preadaptations for cultivation, which he argued
most likely occurred in marginal areas on the
fringe of production, where wild resources were
less abundant. The Broad Spectrum model is
largely supported by both plant and animal data
from Southwest Asia. Recent research at Ohalo
II, a waterlogged site off the coast of the Sea of
Galilee where preservation conditions are excel-
lent, has underscored the importance of wild
cereal collection by preagricultural groups
approximately 23,000 years ago, well before the
beginning of farming. Lastly, following critiques
of the use of external factors and system analo-
gies to explain change in the past, a number of
social or “Pull” theories have been sought to
explain the origins of agriculture. Bender and
Hayden argue that domestication took place in
resource-rich areas and that the ready availability
of large amounts of specialty food may have led
to social changes within preagricultural societies,
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placing greater emphasis on competitive feasting.
This, in turn, would have elevated the demand for
resources, acting as a precursor for cultivation
and later animal herding.

The Rise and Development of
Agriculture in Southwest Asia

The first domesticated crops in Southwest Asia
include cereals (emmer wheat, Triticum
dicoccum Schiibl.; einkorn wheat,
T. monococcum L.; and two-row hulled barley,
Hordeum vulgare subsp. distichum (L.) Thell.),
leguminous crops (lentil, Lens culinaris Medik.;
pea, Pisum sativum L.; chickpea, Cicer arietinum
L.; bitter vetch, Vicia ervilia (L.) Willd.), and flax
(Linum usitatissimum L.), which together form
the “founder crops” of Neolithic agriculture.
Early farmers selected cereals with plumper,
larger grains and ears that did not shatter easily,
leading to greater yields and enhanced efficiency
of harvesting. Transitional forms of domesticated
plants and animals and their wild predecessors
can be difficult to identify from the archaeologi-
cal remains, but the available evidence suggests
that the process took place quickly over several
centuries.

Animal domesticates include sheep (Ovis
aries), goat (Capra hircus), pig (Sus scrofa),
and cattle (Bos taurus), each of which were eco-
logically and behaviorally suited to domestica-
tion due to their general diets, ability to breed in
close conditions, social nature, and dominance
hierarchy. Due to the selection of more docile
animals, domesticated fauna tend to be smaller
than their wild predecessors. The domestication
of each species took place in different locations
throughout Southwest Asia after communities
had become sedentary and begun cultivating
crops. Later a wide range of specialized pastoral
practices was developed.

The adoption of agriculture in Southwest Asia
was termed the “Agricultural Revolution” or the
“Neolithic Revolution” by V. Gordon Childe, and
it was truly revolutionary since it marked a dras-
tic shift in the way people obtained food, placing
greater emphasis on using land for production.
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It also involved the need to maintain and protect
seed stores for the following year as well as
ensure that animals were kept alive and well
until they were deemed fit for slaughter. Intensive
cultivation is associated with increased
sedentism, which provides different opportuni-
ties for building social relationships and spacing
births. Furthermore, with the accumulation of
surplus crops, differential wealth could be accu-
mulated, enabling parts of the population to be
freed from farm labor. This in turn allowed for the
development of institutionalized craft specializa-
tion and, some time later, the rise of urbanized
state-level societies with social hierarchies,
bureaucratic and administrative systems, long
distance trade, monumental and public architec-
ture, and some form of writing or record keeping.

The Construction of Cities and the
Secondary Products Revolution

The first urban centers arose in Mesopotamia, the
land between the Tigris and the Euphrates in
modern-day Iraq around 5,500 years ago. Shortly
later, urban centers developed in Egypt. Both
developed along river courses and the use of
irrigation to enhance crop yields is thought to
have been instrumental in the rise of these city-
states. Ancient irrigation canals dating between
ca. 5,500 and 5,000 years ago have been located
in Mesopotamia. The construction of earthen
structures to control the natural flooding of the
Nile banks in Egypt likely played a similar role.
Concomitant with the development of cities in
Mesopotamia and Egypt, an agro-economic
shift took place in between these regions in the
Levant, perhaps stimulated by enhanced trade
with adjacent regions. The Mediterranean econ-
omy, including cultivation of cereals and
legumes, viticulture and olive production, and
herding of sheep and goats, together with use of
animal drawn ploughs became widely established
for the first time. Sherratt refers to these changes
in agricultural production as the “Secondary
Products Revolution,” which placed greater
emphasis on the use of animals for traction and
for secondary products such as milk, blood, wool,
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and dung. Most early ploughs would have been
constructed from wood, but because of their per-
ishable nature, they do not readily preserve
intact in the archaeological record. The earliest
depictions of a plough, which likely postdate its
invention, come from cylinder seals from Meso-
potamia, dating to approximately 4,300 years
ago, and terracotta figurines of yoke-bearing
oxen from the Greek site of Tsoungiza dating to
the Early Bronze Age. The ard, which scratches
the surface of the land was developed first, with
mould-board ploughs that turn soil and create
furrows being developed much later. Prior to the
invention of the plough, fields would have been
prepared by hand, so the shift allowed larger
tracts of land to be cultivated. This effect was
intensified during the Iron Age, beginning around
3,200 years ago, with the manufacture of iron
agricultural tools, rather than flint and bone
sickles or wooden ards.

The exploitation of animals for milk and wool
in Southwest Asia is reflected in animal bones
that document the preferential culling of young
males and the tending of a larger number of
female animals to an older age. In order to release
milk freely to people, lactating animals need to be
separated from their young and become accus-
tomed to being milked by hand, so initial attempts
at milking were likely a perilous endeavor.

Zeder and McCorriston argue that the raising
of sheep for wool fiber greatly modified the agro-
economics of Southwest Asia, and led to a
reduced reliance upon flax fibers; the local impor-
tance of wool as a commodity in northern Syria
allowed urban centers that controlled its produc-
tion to prosper. Concomitant with the rise of
urban societies, the need for a recording system
developed in order to log economic transactions.
The invention of writing provides an additional
window into agricultural production in antiquity.
Clay tablets from Uruk in modern-day Iraq, dat-
ing to ca. 4,400 years ago, provide the earliest
evidence of writing in the world with initial doc-
uments being used to list commodities. An exten-
sive archive of cuneiform tablets was found at the
site of Ebla in Syria, approximately 60 km south
of Aleppo. These texts, dating to between 4,400
and 4,350 years ago, represent the earliest written
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reference to olive and grape production, although
archaeological evidence of the plant remains pre-
dates the texts by almost a millennium. Since
textual accounts and archaeological data provide
different insights into past societies, this example
demonstrates how the two records can be used to
complement one another. Other cuneiform texts
include the “Farmer’s Instructions” from Meso-
potamia dating to ca. 3,800-3,600 years ago.
Civil has interpreted the text to be a Sumerian
agricultural manual which outlines instructions
from an old man to his son on how to prepare a
field for irrigation; how and when to harrow,
plough, sow seeds, inspect, harvest, thresh, and
winnow the crop; maintain tools; as well as
describing a desirable work ethic. It is likely
that the text was used to teach scribes how to
write Sumerian, since the content of the text
would have been familiar to many.

Early Agriculture Outside of Southwest
Asia

Following the development of agriculture in
Southwest Asia, farming began to be practiced
in Turkey and then Greece, followed by the rest
of Europe. Models of this spread are debated,
with some arguing for movements of people and
other arguing for a transfer of ideas and new
technology. New evidence based on plant data
suggests that a complex mix of both was
involved. Based on radiocarbon-dated finds of
plant remains, the spread took place at an esti-
mated rate of 1 km/year, likely being adopted in
fertile river valleys first.

Independent domestication of plants and ani-
mals took place in Southeast Asia approximately
8,000-7,500 years ago, with distinct modes of
production evolving along the Yellow River in
northern China and the Yangtze to the south. One
of the most important domesticates from China is
rice (Oryza sativa L.); rainfed lowland rice was
grown initially, followed some time later by
upland and deep-water rice. Due to the natural
distribution of wild rice, which extends from
India eastwards across China to the coast, the
center of domestication was thought to lie in the
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southern part of China, but new finds of early
domesticates in the Yangtze valley have
expanded this range. Ongoing research and
more extensive excavations are required until
the debate regarding the location of rice domes-
tication can be resolved fully. By approximately
7,000-5,000 years ago, rice production spanned
large areas of Southeast Asia and India. Early
tools found at the waterlogged site of Hemudu
in China, dating to ca. 7,200 years ago, include
two digging implements constructed from a water
buffalo scapula (shoulder bone) attached to a
wooden handle, but such finds are exceptional
and as with other areas, the full range of early
agricultural implements is unknown.

Further to the north, between the highlands
and the plains along the Yellow River, rainfall
tends to be lower and drought-tolerant species
were chosen as the first domesticates. Here,
broomcorn millet (Panicum miliaceum L.) and
foxtail millet (Setaria italica [L.] Beauv) became
important crops for Peligang communities just
over 7,000 years ago. Dogs, pigs, chickens
(Gallus gallus domesticus L.), and water buffalo
(Bubalus bubalis L.) were the most important
animal domesticates, although wild resources
including various nuts, jujube dates (Zizyphus
Jjujuba Mill.), and deer remained important com-
ponents of the diet. It is likely that chickens were
first domesticated just after 8,000 years ago in
northern China.

Agriculture developed in the Americas later
than in the Old World. In North America, early
crops include  goosefoot  (Chenopodium
berlandieri Moq.), sunflower (Helianthus annus
L.), and marsh elder (Iva annua L.). Within
Mesoamerica, most research has centered along
the Oaxaca and Tehuacan valleys of Mexico;
important domesticates include maize (Zea
mays L.) derived from the annual grass teosinte,
squash (Cucurbita spp.), beans (Phaseolus
vulgaris L.), avocado (Persea americana Mill.),
dog, turkey, and perhaps cottontail rabbit. Maize
domestication is widely thought to have occurred
around 7,000 years ago, but this date has recently
been disputed; new radiocarbon dates of the
oldest known domesticated corn cobs places
them at approximately 4,600 years old. Cocoa
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(Theobroma cacao L.) also became an important
domesticate in Mesoamerica. The Nuttall Codex,
dating to AD 1051, depicts an early use ritual of
cocoa. Further south in the Andes, llama (Lama
glama), alpaca (Lama pacos), and guinea pigs
(Cavia porcellus) were herded. Important crops
include quinoa (Chenopodium quinoa Willd.),
and tubers such as oca (Oxalis tuberosa Mol.),
mashua (Tropaeolum tuberosum Ruiz & Pav.),
ullucu (Ullucus tuberosus Caldas.), and potatoes
(Solanum tuberosum L.). Drawings of agricul-
tural scenes by conquistadores in the 1500s depict
the use of foot ploughs and hand hoes in the
Andes.

Within Africa, agriculture first arose in the
Nile Valley of Egypt, following the introduction
of sheep, goat, cattle, and cereals, around
6,500 years ago from areas to the north. Indepen-
dent innovation and domestication of local,
indigenous species occurred between 5,000 and
3,000 years ago in a band between the Sahara and
the equator, at a time when rainfall was higher
than today. Important domesticates include cat-
tle, sorghum (Sorghum bicolor [L.] Moench.),
pearl millet (Pennisetum glaucum [L.] R. Br.),
and much later, dating to around AD 200, African
rice (Oryza glaberrima Steud.). African rice is
still grown in parts of West Africa, although
Asian varieties originally domesticated in China
predominate today.

Continental Transfer of Crops

Throughout the world, the form that early agri-
culture took reflects, for the most part, an adop-
tion of locally available plants and animals, with
cereals such as wheat, barley, millet, and rice
predominating in the Old World, and potatoes,
maize, and squash predominating in the New
World. There are numerous examples of people
adopting non-native species throughout history,
however, which demonstrates the dynamic nature
of agricultural production and underscores how
food production forms an integral component of
social histories. The potato, for example, a native
of Chile and Peru, was first introduced into
Northern America and Europe during the late
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1500s, after which time it became an important
crop. By the 1800s, it formed the dominant staple
in Ireland and the spread of potato blight resulted
in the great famine that began in 1845. Tomatoes
(Lycopersicon esculentum Mill.) were also intro-
duced to Europe from Tropical America by Span-
ish conquistadors and Atlantic slave traders in the
mid-1500s. Tomatoes were initially treated with
suspicion due to their perceived similarity to
deadly nightshade which was associated with
witchcraft; they later became viewed as aphrodi-
siacs, rendering them the common name, “love
apples.” The introduction of maize, beans, cas-
sava, and potatoes into West Africa during the
Atlantic slave trade of the 1500s is particularly
noteworthy. McCann provides a history of the
adoption of maize throughout Africa and today
it has become an important staple at the expense
of indigenous crop. In Zambia and Malawi, maize
contributes more than 50 % of the calorific con-
tent of people’s diet, greater than that in Mexico
where the plant was originally domesticated, and
this has resulted in a drastic narrowing of dietary
breadth. Indeed, in all parts of the world, reliance
upon agriculture has led to a more restricted diet
than that consumed by hunting and gathering
communities. Examination of paleopathology
within early agricultural communities in both
the Old and New worlds has shown that farming
led to an initial decline in general health and
nutrition.

Water Management

Through time, people have increasingly adapted
their environment to grow the crops that they
desire. Limits exist to the extent that the land-
scapes can be modified, and these limits have
shifted through time as technology has evolved
and as labor divisions and economic incentives
have shifted. The choice of what and where to
grow crops is not, therefore, always predicated
upon environmental considerations, and social or
economic factors can weigh more heavily. Nab-
atean farmers at Avdat in the Negev Desert of
Israel, for example, situated their settlements at
strategic locations along spice trade routes during
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the first century BC, and were able to grow crops
in areas that received limited amounts of rainfall
by using water harvesting techniques. Depending
upon the timing and distribution of rainfall
throughout the year, rainfed farming cannot gen-
erally be practiced in areas that receive less than
250 mm per annum. By clearing rocks from the
hillsides and placing them in long lines running
down slope, the thin soils were exposed to rain-
fall, encouraging them to slake and enhance run-
off. Rainfall was then channeled down the slope
into the valley bottom where walls constructed
across the valley impeded the flow, minimized
soil erosion, and enhanced infiltration of water
into the soil allowing crops to grow successfully.

An equally ingenious method of water control
was employed in South America where raised
fields were used to grow potato. Raised fields
have been found in dense concentrations in the
Lake Titicaca area of Bolivia and Peru, and from
above resemble a patchwork of fields. Raised
fields were created by digging a network of
ditches and placing the excess soil on top of the
field to be cultivated. The fields provide optimal
conditions for crop production in this area where
weather conditions can be unpredictable; water
can be maintained in the furrows between the
fields and used for irrigation during dry spells, it
can be drained away through the channels follow-
ing heavy rainfall, and it also helps minimize
diurnal temperature shifts, thereby reducing the
risk of frost damage. There has been some inter-
est in reintroducing this form of cultivation on a
large scale today as part of the sustainable devel-
opment movement, and while there are many
benefits from an agronomic perspective, it is not
clear how practical the construction and mainte-
nance of raised fields would be from a social
perspective because they require large invest-
ments of time. In the past they were likely
constructed with corvée labor.

It is difficult to determine exactly when irriga-
tion was first practiced because canals do not
always preserve well and, additionally, preserved
features can be difficult to date. Informal
watering is likely as old as cultivation itself,
particularly within food gardens close to the
home, but more formal irrigation did not develop
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until much later. The earliest forms of irrigation
would have employed water diversion structures
such as deflection dams and gravity canals as
seen in Mesopotamia; it was not until Roman
times that engineering developed sufficiently to
allow for water to be lifted from a river and
distributed onto an adjacent field. Early exam-
ples of norias (water-powered wheels that scoop
water), can be found in the more arid parts of the
Roman empire including Syria, North Africa,
and Spain. Horizontal wheels were also com-
monly used for irrigation during the Tang
Dynasty (AD 618-907) in southern China, and
may have been used as early as 200 BC. The
Archimedean screw, invented by Archimedes
during the third century BC, uses a helix placed
at a 45-degree angle within a tube to raise water
when rotated. Despite these developments, as
well as the invention of drip and sprinkler irri-
gation much more recently, floodwater farming
continues to be a highly effective method of
irrigation where topographic conditions are suit-
able. It was heavily utilized by the Hohokam of
the Sonoran Desert in south Central Arizona,
between AD 200 and 1450 to support large com-
munities in an area of low rainfall.

Terracing

Other modifications to the environment include
terracing and the cultivation of hill slopes. Due to
erosion, ancient terraces are not always pre-
served, although examples do exist. Terraces
can also be difficult to date, but based on embed-
ded pottery finds, terracing may have been prac-
ticed in Southwest Asia during the Early Bronze
Age around 5,000 years ago, perhaps being
prompted by a greater demand for olive and
grape commodities such as oil and wine associ-
ated with the rise of urban life in Egypt and
Mesopotamia. Extensive tracts of terraced hill-
sides are also evident in the Peruvian highlands
where numerous varieties of potatoes were
grown, as well as throughout Indonesia where
sophisticated methods of terrace maintenance
and water use were developed and integrated
into the social and religious calendar.
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Soil Fertility Management

Assessing early methods of soil fertility manage-
ment is more difficult since they leave fewer
traces in the archaeological record and are not
always documented in textual accounts. The
practice of fallowing, or leaving land
uncultivated for a year or more, is believed to
have been an important method and it forms an
integral role in slash-and-burn agriculture
(swidden) that has been documented in tropical
counties in Asia and Africa. In more arid areas,
where slash-and-burn is not a feasible method of
production, the need to maintain soil fertility was
likely recognized following the first cultivation of
crops, but little is known about the methods, if
any, that were used. In northeastern Syria,
Wilkinson observed scatters of pottery sherds
surrounding large sites dating to the Bronze
Age, which he interprets as non-perishable rem-
nants of night soil or urban waste used to fertilize
the fields. Since leguminous crops such as lentil,
pea, and bitter vetch that fix nitrogen in the soil
were important crops during the Bronze Age, it is
also likely that crop rotations may have been used
to maintain soil fertility, but it is difficult to assess
this with any degree of certainty from archaeo-
logical evidence. It seems probable, however,
that some form of crop rotation in Southwest
Asia was practiced much earlier than the formal-
ized introduction of the Norfolk four-course rota-
tion of wheat, barley, clover, and turnips that was
adopted in Europe, predominantly England, dur-
ing the late 1600s and early 1700s.

More Recent Developments

Within the past century, the large-scale introduc-
tion of mechanized farming has greatly increased
the efficiency of preparing land and harvesting
crops. Mechanization has not been adopted uni-
formly throughout the world, however, and in
many developing countries, animal traction is
still relied upon for field preparation. The Green
Revolution of the 1960s also markedly changed
production following the introduction of high-
yield varieties of wheat and rice throughout
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numerous developing countries, notably in Asia.
These varieties required a strictly defined regimen
of fertilizer and pesticide application for optimal
growth. While many farmers enhanced yields,
many of the poorer farmers whom the improved
grain was intended to help were not always able to
afford the prescribed chemical fertilizers and pes-
ticides and, as a consequence, yields sometimes
fell below those obtained from local varieties.
While farmers have long recognized the benefits
of local varieties for subsistence agriculture, the
lessons from the Green Revolution prompted
numerous agricultural development agencies and
agricultural research stations around the world to
compile seed banks to store diverse crop varieties
for future generations.

The most recent, and potentially revolution-
ary, change in agricultural technology concerns
the development of genetically modified crops.
From agriculture’s earliest inception, selection of
species with desirable traits has led to genetic
change; this selection became formalized with
intentional cross breeding. The creation of genet-
ically modified crops differs from cross breeding
in that DNA is physically spliced, potentially
from one species to another. Genetic modifica-
tion offers enormous potential to develop crops
that are able to grow productively under adverse
conditions, or which contain medicines or vacci-
nations that can be used in remote areas without
refrigeration. Such crops have not been widely
accepted, however, and studies examining poten-
tial environmental, economic, and social impacts
continue. It is possible to produce seed stock that
will yield sterile grain that cannot be used to
replant the following season. While this develop-
ment protects the economic investments of the
producer, it has raised enormous concerns among
subsistence farmer who would not be able to use
harvested crops for reseeding. The debate is
likely to continue for some time.

In the eighteenth century, Reverend Thomas
Malthus expressed his views regarding the bal-
ance between population growth and food pro-
duction, claiming that due to the inelasticity of
food supply, once population levels increased
beyond the “carrying capacity” of the land, the
surplus population would be eliminated either by
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direct starvation, or by positive checks such as
misery and vice or moral restraint. Boserup
counter-argued that population pressure would
stimulate the creation of new methods of produc-
tion that would enhance yields. The historical
developments of agriculture through the ages
demonstrate periodic innovation which has
allowed the carrying capacity to increase. The
relationship between population and carrying
capacity is enormously complex and while peo-
ple have continually adapted agricultural tech-
nology in order to enhance yields, as Amartya
Sen has argued, social factors play an equally
important role in ensuring that people are fed.

See Also

Animal Domestication

Potato: Origins and Conservation of Potato
Genetic Diversity

Rainwater Harvesting

Swidden
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What caused people to cultivate the land? There
are at least two main hypotheses, which try to
produce an answer to what is regarded as one of
the most fascinating issues in our cultural history.
The first postulates climate restrictions, while the
second defends the gradual shortage of extractive
resources imposed by increasing demographic
pressure. We ought not to discard either of them
and even the combination of both, especially
because agriculture emerged in diverse points
and times, in a wide variety of environments.
The oldest appeared in the “fertile crescent” of
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the Middle East 10,000 years before the present
(BP) and in Mesoamerica 9,000 years BP.

However, whatever the motivations that led to
systematic and lasting cultivation of the soils, the
agricultural awakening did not emerge quickly. It
would have taken thousands of years until we
could understand plant reproduction, leading us
to imitate the natural process in supervised
planting beds.

The first vegetable gardens incidentally
appeared by the spontaneous sprouting of wasted
seeds during the handling and preparation of
meals or from those that had been thrown as
offerings over the mausoleums. However, when
judged by the behavior of Brazilian Indians as
witnesses of their ancestors, the formation of the
first garden plots was deliberate.

It is explicit in acai palms (Euterpe oleracea)
in the Amazon or jussara palm (Euterpe edulis)
in the Atlantic rain forest where the coexistence
of fruits, seeds, and seedlings in the most varied
stages of development offers an example
of ontogenetic succession. These scenarios did
not go unnoticed by the locals that frequently
visited such redoubts not only to collect victuals
but also to surprise the hunted animals that were
equally attracted by the abundance of food.

As many studies show, the handling of such
resource islands through the cleaning and
removal of undesired plants, and consequent
intensification of edible species, and the seedling
transplant for the formation of home orchards and
even along tracks are customary practices in Bra-
zil. This includes peoples that do not have other
agricultural provisioning systems as some ethnic-
ities of macro-J€ that honor their newborn chil-
dren with a planting of seedlings, or seeds of fruit
trees, mainly pequi (Caryocar brasiliense). For
many peoples, perennial agriculture has been
around for a long time. One of the oldest docu-
ments that systematized the agricultural practice
of Brazilian natives, dated 1,583, says that the
perennial peanut was the only common cultivar
in the vast region of Mato Grosso. Even now,
perennial agriculture continues to be important
for many peoples, because for the Indians, their
growing areas are not restricted to their
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surroundings but are also scattered throughout
their territorial domains, as a stock provision.

In the literature, agriculture is customarily
focused on a single cultivation of temporary
plants, because then there is a homogeneous har-
vest in a short term. Without any doubt, this type
was the most used among farmers around the
world, having prospered especially in regions
with great climatic seasonality. More than this,
these crops need intensive care and surveillance,
so a feed function becomes a founding element of
sedentary societies with a complex work
division.

But perennial agriculture also has its benefits,
particularly for the Brazilian way of living. The
outdated idea that the peoples of Brazil were
nomads, compared with Mesoamerica, flourished
because the tribes relocated according to the
abundance of resources and soil fertility, keeping
the link with the “old villages” with frequent
visits to the old orchards. The relationship of
plant production to labor unit is favorable to
perennial cultures, and the lack of assistance ren-
ders the temporary ones impossible. Among the
Kuikuro Indians, for example, the handling of
orchards limited the people to sporadic cuts of
lianas and the fertilization of trees by gathering
dry leaves to the bottom part of the plant. More-
over, for peoples whose calendar is based on
flowering and fruiting, the orchards in the new
villages signaled what was happening inside the
territory, optimizing the return to the old sites and
even the harvesting of wild specimens.

However, if perennials represented agricul-
tural dawning for many nations, the development
and consolidation of agriculture was reached with
the growing of some temporary cultivars. Among
them are calabash, sweet potato, and cassava
(Manihot ssp.). It is of this Euphorbiaceae family
that flour and beiju are produced, the food basis of
Brazilian ethnic groups. Also it is from that fam-
ily that fermented drinks are extracted such as the
jacuba and other products such as starch for
ceramics and poisons for hunting and fishing.
As part of a cultural heritage, because cassava is
in many Indian myths, the preservation of typical
varieties is so rooted in the identity of the tribes
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that anthropologists use the plant varieties to
recognize various ethnic groups. Therefore, the
peoples of the Amazon owe their agricultural
origin to the cultural diffusion derived from the
Andean Center, typified by the use of mandioca
brava (angry cassava), a local variety of cassava.
The nations of Central Brazil seem to have
received this influence from coastal groups,
with the main use of mandioca mansa (soft
cassava), both initiated concurrently, about
3,000 years AP.

At the end of the nineteenth century, in the
travelogues of his travels through the savannas of
Brazil, naturalist Karl von den Steinen describes
the curious case of an Indian that became fasci-
nated with “matchsticks” and attempted to plant
them in a vegetable garden. Perhaps 3,000 years
ago, other Indians had the same idea but used
branches of wild cassava, and met with success,
since using the cuttings of the plant is the most
efficient way to establish a cassava plantation. In
fact, Carl Sauer, in an extensive review of the
subject, affirmed that between Rio de Janeiro and
Salvador, thousands of varieties of cassava were
cultivated, proposing the simultaneous and inde-
pendent origin in many points of the coast. Only
as an illustrative example, a survey of 1980
showed the Amazonian tribes preserved 19-75
varieties of cassava per tribe and in some cases
with the outstanding rate of 2.2 varieties per
inhabitant.

Despite the unquestionable nutritional and
cultural relevance of cassava, indigenous agricul-
ture systems cannot be understood except as a
complex arrangement that is genuinely agroeco-
logical. Nothing caused more indignation among
the settlers than the apparently chaotic way the
Indians organized their plantations. Brazilian
agriculture was not only characterized by
polyculture but also by multifunctionality. Wild
and domesticated species and temporary and per-
manent varieties in the mixed and companion
crops of foods, seasonings, fibers, dyes, drugs,
and cosmetics shared the same space. Figure 1c
illustrates a real case observed among the Wajapi
rena Indians in this circumstance with the intro-
duction of banana — one of the most exotic plants
adopted by the Indians.
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Most importantly, this shows a much deeper
and more complex dimension of the agrarian
systems — the work division and temporary
administration, initiated by the choice of a forest
fragment. Where science sees only four sequen-
tial stages — primary, secondary, late secondary,
and climax forest — the Indians see tens of phys-
iognomic and functional types according to the
soil, draining, and the flora and fauna. Judging by
the social organization of the Kaiapo, the agricul-
tural calendar was dictated by responsible elders
and also by the choice of genres to be planted.
Shamans were also consulted to establish the
ones that would be limited, depending on the
needs of the tribes. They indicated the species
that should be spared, while the war chiefs
recruited men for the clearing of the branches
and collection of fruits and honey after cutting
down the bigger trees, allowing the clearing areas
to dry for a few months. In the coivara or “slash-
and-burn” system, permission to set fires, gener-
ally announced in festive events, is proclaimed by
the chief who also announces the transference of
agriculture activities to women, who would take
over the responsibility to prepare the land, sow,
and harvest the production.

The cleaned land for the plantations would be
cultivated for 3 or 4 years, by opening regular
holes with the help of pointed sticks, each hole
receiving a few seeds or transplant branches.
Weeds were controlled and manually removed,
with the use of stakes and more rarely shovels.
This work only stopped when the fruits or tubers
ripened, so then they could be harvested and
taken to the villages in baskets, inside of which
the separation of grains and the cleaning of the
roots were carried out. Four years after the plant-
ing, a new forest fragment would be put into the
cultivated site, which would be set aside for up to
five decades in a rotation system.

Agriculture thus provided an efficient source
of food. However, the indigenous agricultural
system of slash and burn cannot be understood
except as it is combined with the systems of
collecting and hunting, chiseled by mysticism,
and the division of labor. In many tribes, where
the agricultural product was not too important,
there were still elaborate planting and harvest
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A - climax native herbs
B - burnt biomass

C - sweet potato (lpomea ssp.)

D - secundary native herbs
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Fig. 1 The Brazilian Indian agriculture rotation. (a) For-
est, (b) the tillage preparation from coivara or “slash-and-

rituals. In other cases, the frequent displacement
went along with the search for new forest areas to
be exploited. The mobility of these nations
caused the function of reinforcing the internal
hierarchy of the group. Hunting and the protec-

, native vegetation

, urucum (Bixa ssp.)

3 pineapple (Ananas ssp.)

*‘ banana (Musa ssp.)
'Wcussava (Manihot ssp.)

ld% arboreal cotton (Gossypium ssp.)

burn” system, (c¢) the companion and multifunctional
planting of ro¢a, and (d) the fruitfully fallow of capoeira
in an old village (Illustrated by Elisa F. Serafim)

men’s dominance over the collecting and horti-
culture being carried out by the women.

One last issue should be clarified. About 35 %
of Brazil originally consisted of savanna-field
biomes, more than 3/4 of these represented by
the Cerrado-Brazilian savannas, where the forest
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formations are restricted to gallery forest or iso-
lated in small spots known locally as capdes (cad
pdu — or in Tupi language “island” of “woods”).
Even in the savanna, agriculture was almost
exclusively associated with these restricted forest
fragments. However, why was planting only done
in forests?

Naturalists, traveling the interior of Brazil,
asked this same question many centuries ago.
The oldest answers are that this was part of the
cultural heritage. The natives of the savannas owe
their ancestry to the nations arising from the
Amazon forest, so that the Indians kept the for-
ested agriculture dependent as a social rule. The
oldest human fossil of the American continent,
Luzia, a 12,000-year-old woman, was found in
the Brazilian savannas. More than this, lithic
artifacts  from the northeast of the
country — another non-forest biome distant from
the Amazon — suggest the presence of hominids
for at least 30,000 years. Even if we are conser-
vative, we should admit that there was a continual
flow of Paleo-Indians from the Amazon to the
savanna between the 12,000 years since the
arrival of humans in the savannas and the
3,000 years since the development of cassava in
this region. This appears to be unlikely.

The second group of answers relies on the
microclimate and pedological conditions of the
forests. In general the gallery forest soils are more
humid and fertile than the savanna soils, espe-
cially after the burning of thick vegetation, which
adds the minerals of the ashes to the subsistent
organic matter. The Bakairi Indians of the
savanna told the tale of the stupidity of the deer
that tried to cultivate cassava in the savanna.
Moreover, savanna soils in Brazil have high con-
tents of aluminum, a great competitor for nutri-
ents, and the ignorance of soil corrective means
as a standard between the Indian nations of the
Central West would be an additional factor.

Not discarding this hypothesis, I choose an
alternative, which was inspired by Ester Boserup
concerning labor productivity. With an agricul-
tural system totally dependent on coivara — slash
and burn — the Indians noticed that the forests are
easily handled as they are more sensitive to fire.
Fewer men could open clearings and cultivate
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them without the need to employ tools or other
costly efforts to control the development of her-
baceous helophytic species, a limiting factor in
the savannas.

Considering the savanna is a pyroclimate
biome, the use of fire tends to contribute to the
thickening of the herbaceous strata, naturally
aggressive and dominating in open physiogno-
mies. The burning system is still used today by
commercial cattle breeders in Brazil. The indig-
enous populations of the time, not having hoes,
which are essential for removing meadow
grasses, Cyperaceae, and dicotyledonous herbs,
probably were not able to meet the production
threshold that would make the cultivation sites as
an alternative to collecting. Even considering the
hypothesis of the advent of such tools, the expe-
rience of other agricultures in the world showed it
would take large human contingents and exhaus-
tive work to be able to cultivate the soil. We had
neither high demographic densities, nor typical
tools for the control of herbs in savannas, nor
organized specific work that could suggest the
agriculture practice in the cerrados.

The convenience of fire and the employment
of few men to prepare the forestlands, originally
more fertile, led to agriculture over forests, as the
most profitable. The forest agriculture of slash
and burn became the prevailing agricultural
method among the horticulturist people, even in
the savannas.
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Agroforestry in Africa

Arnold Pacey

Agroforestry is not a new idea; it is merely a new
word used by scientists to describe ancient land
use practices operated by farmers in many parts

Agroforestry in Africa

of the world. Other names stressing different
aspects of the same technique include forest
farming, forest interculture, layered gardening,
and multistorey farming. The latter word has
been used in West Africa to refer to a system
where crops are produced from the same area of
land at several levels or storeys, ranging from
tops of trees (oil palms, for example), to ground
crops beneath the trees, and to root crops below
ground (yams, cocoyams, cassava).

Rediscovery of such farming methods during
the last third of the twentieth century was linked
to a realization that imported western techniques
in tropical Africa had often led to soil erosion and
loss of fertility. Cleared fields planted with single
crops in the western manner left the soil acutely
vulnerable to damage by heavy seasonal rainfall.
By contrast, trees gave protection against erosion
during rainstorms, while their leaf litter helped
maintain soil fertility.

During the 1980s and 1990s, professionals
working on this topic, notably at the Interna-
tional Council for Research on Agroforestry
(ICRAF) in Nairobi, came to see agroforestry
as a holistic approach to land use, using combi-
nations of trees and shrubs with crops, pastures,
or animals. What this means in practice depends
on climate and environment, for there are differ-
ent traditions of agroforestry in semiarid tropical
regions, in rainforest areas, and in more temper-
ate zones.

In the West African Sahel, traditional customs
of retaining and using sparse tree cover in coor-
dination with livestock raising and cropping
tended to moderate the effects of high tempera-
tures and low rainfall and to conserve plant nutri-
ents while making possible a diversity of
products, not all of which would suffer when
droughts led to crop failure. Whilst many tree
and shrub species were involved, one tree in
particular, Acacia albida, was of such value in
the western Sahel that it was often regarded as
sacred, and there were severe punishments for its
unauthorized felling. Because it is a leguminous,
nitrogen-fixing species, yields of millet and sor-
ghum sometimes increased greatly when grown
in fields which had a scatter of trees of this type.
Its leaves and seed pods were a nutritious fodder
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Agroforestry in Africa,
Fig. 1 A form of
agroforestry in West Africa
sometimes known as
multistorey farming. The
upper storeys are
represented by oil-palm and
banana crops. Below that is
the cereal crop, maize
(corn). Nearer ground level
are beans and melons,
whilst in the “basement”
are the main root crops. Left
to right the latter are yams,
cocoyams and cassava.
This somewhat compressed
view does not reflect
realistic spacing, in which
maize would be in open
glades and more shade-
tolerant species under trees
(Illustration by Hazel
Cotterell based on sketches
by Pacey (1990, p. 200))

for livestock. Materials were obtained from it for
the preparation of medicines, and its timber was
useful in building.

Another species of importance, particularly
in Sudan, was Acacia senegal, which produced
gum arabic, and was grown in conjunction with
millet and other crops in a 20-year rotation. With
the disruption of this and other cropping sys-
tems, sometimes in favor of more “modern”
methods, the productivity of the land, and the
number of people it could support, was greatly
reduced.

In rainforest areas, the retention of tree cover
on land where crops are grown is even more
important. Oil palm is particularly valuable in
West Africa as a tree yielding a valuable crop
yet also offering protection of the soil against
erosion, and banana may be grown in the same
context (Fig. 1). Crops grown at ground level
under these trees traditionally include a great
variety of beans, squashes, and leafy vegetables,
with cereals in more open, sunnier glades.

Many early innovations in agroforestry arose
when crops were introduced into new areas. Thus
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over the last 1,500 years, African agroforestry has
incorporated bananas and the Asian yam from
Indonesia, then later, cassava and other crops
from the Americas. Recently, though, agrofor-
estry has been researched and repackaged by
scientists, then taught to farmers by extension
workers as if it were something new, with its
origins in traditional practice heavily disguised.

One example of an innovation that arose from
scientists’ observing traditional practices is
“alley cropping”. This is said to have arisen
when an Indonesian scientist working in Nigeria
saw farmers planting a tree species on fallow land
to speed the regeneration of the soil. He was led
to experiment with trees that could be cut back
prior to planting a corn crop, but which would
grow up again quickly after the crop was
harvested. The Alley Farming Network for Trop-
ical Africa (AFNETA) was set up in 1989 to
promote sustainable cropping systems based on
alley farming and other ideas drawn from agro-
forestry practice, and in the 1990s it was devel-
oping and disseminating such farming methods in
20 African countries.
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Agroforestry in the Pacific Islands

William C. Clarke

The planting of trees together with the cultivation
of annual crops, a combination now generally
termed agroforestry, has been strongly promoted
in recent years as a way to prevent land degrada-
tion and to increase total production of food and
useful products from a unit of land. Throughout
the Third World, development agencies and gov-
ernment departments of agriculture and forestry
have been advocating agroforestry as a way to
harmonize forests with farming, or as a way to
make up, at least partially, for the destruction of
natural forests and their replacement by pasture
or by fields of annual crops. In the Pacific these
modern, aid-funded attempts to promote agrofor-
estry are ironic, for they take place in a region
where agroforestry systems were developed
thousands of years ago and where hundreds of
species of trees are still used in a be wildering
variety of ways.

At least a few trees even have a place in the
popular imagination about the Pacific Islands.

Agroforestry in the Pacific Islands

If asked what particularly characterizes the land-
scape of the islands, most people would think of a
line of coconut palms overhanging a beach beside
a coral-reef lagoon. They might also envision the
stately and strikingly beautiful breadfruit tree,
whose yield of starchy fruit so enchanted Captain
Cook and his companions on the first European
visit to Tahiti and subsequently led to Captain
Bligh’s famous voyage to Tahiti in
H. M. S. Bounty to collect breadfruit cultivars
for the West Indies. These conceptions of coco-
nut palms and breadfruit trees in Pacific land-
scapes are accurate enough, but they only begin
to suggest the full significance of trees, both
domesticated and wild, in the lives of traditional
Pacific peoples.

Recent chromosomal and paleo-botanical
studies in the Melanesian islands of the western
Pacific reveal that the domestication of plants
extends back in time there for thousands of
years, thus demonstrating that agriculture
evolved endogenously in the Pacific region,
rather than being solely or mainly the result of a
direct transfer from southeast Asia, as had
been believed previously. Plants that may have
been domesticated in western Melanesia
include — aside from important short-term crops
such as Colocasia taro and sugar cane — a remark-
able number of trees or shrubs. This early empha-
sis on arboriculture — the cultivation of trees and
shrubs — was eventually transported all across the
Pacific by the voyaging colonist cultivators, to be
incorporated into production systems everywhere
and to beget the typical tree-filled environs of
human settlements in Polynesia and Micronesia.

Archaeological evidence for a well-developed
arboriculture at least 3,500 years ago comes from
the Mussau Islands, which are now part of the
country of Papua New Guinea. Tree species
already in use then included: coconut, two or
three species of Pandanus, Inocarpus fagifer
(the “Tahitian chestnut,” which remains one of
the most important Oceanic arboricultural spe-
cies), Canarium indicum (a nutritionally substan-
tial “almond”-producing tree in Melanesia),
Spondias dulcis (the vi-apple, now of very wide
distribution in the tropical Pacific), and other
useful trees such as Pometia (which provides
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edible fruit, medicine, and other products),
Pangium (seeds edible after treatment to remove
the poisonous component), Terminalia (edible
“beach almond,” wuseful timber), Burckella
(edible fruit), and Calophyllum (timber favored
for many uses, sticky sap used for caulking
canoes). There is also evidence for the early
domestication in the Pacific of several species
of sago palm (used in some places to produce
starch for food, elsewhere its leaves used as
long-lasting house thatching), one kind of
banana, and kava (a sprawling shrubby plant,
the pounded stems and roots of which are used
to make the ritual-social drink long important in
many parts of the Pacific).

Over 400 species of trees or tree-like plants
have been identified as having widespread or
localized economic, cultural, and ecological
importance in the Pacific Islands. The adoption
of these many kinds of trees for human purposes
is the cumulative result of a selection process that
occurred over thousands of years and that
involved both the domestication of previously
unknown species encountered when Pacific voy-
agers landed on uninhabited islands as well as the
deliberate transport from island to island of plants
already known to be useful. The trees and their
products served Pacific peoples in a great variety
of ways. For instance, ecologically, trees pro-
vided, among other services, shade, erosion con-
trol, wind protection, beach stabilization, soil
improvement, and frost protection (at high eleva-
tions in New Guinea). Cultural and economic
uses included, among many others, house timber,
firewood, tools, weapons, fishing equipment,
abrasives (for example, the “sandpaper” leaves
of some fig species), gums and oils, fiber, bever-
ages (for example, the fluid from coconuts,
immensely important for drinking on dry atoll
islets), caulking, stimulants, medicines, and love
potions and perfumes. Many Pacific trees are also
of great importance nutritionally. For example, in
various places people depend heavily on one or a
combination of staple foods from coconut, bread-
fruit, bananas, sago palm, or several species of
Pandanus. Many other species provide supple-
mentary and snack foods. Although many tree
foods are energy-rich in carbohydrates or
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vegetable fats or both, it is in other nutritional
essentials that they often excel, compared with
the starchy root-crop staples. Several fruits are
excellent sources of provitamin A; others provide
B-complex vitamins or are rich in vitamin
C. Most seeds and green leaves from trees
(which are widely eaten) are good sources of
plant protein and various micronutrients. Spices
and sauces derived from tree products can also be
of great nutritional and culinary significance. An
oily sauce made from the huge red fruit of a
Pandanus species in highland New Guinea pro-
vides a rich, nutritious condiment for many oth-
erwise bland foods. Or coconut milk or cream
(squeezed from the coconut flesh) is widely
used in cooking in coastal areas, and in places is
aged or fermented with sea water and other fla-
vorings to make a tasty sauce that enhances local
cuisines.

The multipurpose nature of many Pacific trees
in providing a diversity of different products or
services to people is well exemplified by the
breadfruit. Its straight trunk is valued for canoe
hulls; the inner bark is used to make bark cloth in
some areas; the tree’s thick, milky sap is used for
caulking canoes, as adhesive for bark cloth, and
as chewing gum; its large leaves are used as
plates and for wrapping food for cooking in
earth ovens; the dried inflorescence is burnt as a
mosquito repellant; and the fruit is eaten cooked
as a staple or important supplementary food in
most areas of Polynesia and Micronesia and as a
supplementary food in Melanesia, where seed-
bearing varieties are often more important than
the seedless varieties used as a staple food in
Polynesia.

Like most trees, the breadfruit’s production of
fruit is seasonal, so that people dependent on it for
food can expect periods of food shortage recur-
rently each year. Pacific-Island peoples devel-
oped two solutions to this problem. First, high
intraspecies diversity had been developed in
breadfruit (and most other domesticated crops)
by centuries of observation, selection, and trans-
portation of promising varieties from place to
place. As only one example of the prolific number
of named cultivars that might have been accumu-
lated within a single species, the volcanic island
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of Pohnpei in Micronesia is reported to have
150 named varieties of breadfruit. Generally,
each of the many cultivars followed its own dis-
tinct calendar, so that production of breadfruit on
atolls and high islands of Polynesia and Microne-
sia (or, to give another example, the yield of
Pandanus fruits in highland New Guinea) is stag-
gered over a much longer period than would be
available from a single cultivar or individual tree.
The second way in which the availability of food
from breadfruit was extended over the year was
by the pit fermentation of the fruit so that it could
be stored. Unlike grains, there were few Pacific-
Island indigenous foods except yams (Dioscorea
spp.) that if unprocessed last long in storage once
harvested. Because harvested breadfruit lasts
only a few days, a way had to be found whereby
the seasonal surpluses could be accumulated for
later use. The method developed was pit storage.
After the ripe fruit was peeled and cored, it
was preserved by a process of semianaerobic
fermentation, involving intense acidification,
which reduces the fruit to a sour paste that lasted
in storage for decades. The pits, which served
both as fermentation chamber and storage area,
were dug in clay soil to prevent water seeping in
and then lined with stones, woven mats, and a
variety of leaves to keep soil from mixing with
the breadfruit paste. Modern food analysis shows
that the fermented product contains more carbo-
hydrate, fat, protein, calcium, iron, and
B vitamins than the fresh fruit. The pits of bread-
fruit paste also provided a reserve food supply
after tropical cyclones, or hurricanes, devastated
gardens and orchards or during times of warfare.
Packages of the baked fermented paste wrapped
in leaves also provided a portable, long-lasting
food for sea voyages.

Although trees had a great significance in peo-
ple’s lives almost everywhere in the traditional
Pacific, the hundreds of species utilized were
combined in a great variety of unique agrofor-
estry systems, each distinct to particular locales
spread over hundreds of islands, each with a
unique environment and each occupied by a dis-
tinct group of Pacific peoples, with their own
particular history and set of agricultural tech-
niques. In forested areas of low population
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density where shifting cultivation was practiced,
a mixture of certain trees might be planted in old
gardens, creating orchards that produced food,
fiber, and other products for decades while also
serving as a kind of fallow for the gardened soil,
which eventually would be reused. The sponta-
neous secondary forest in such areas came to be
everywhere dotted with valuable trees, remnants
of past orchards and gardens. Elsewhere, in drier,
more heavily populated areas where complex
irrigation channels had been built to bring water
to permanent plots of taro, there might also be
permanent and highly diverse tree gardens sur-
rounding the irrigated plots and shading the vil-
lages. On atolls, with their severe environmental
constraints, a particularly intensive form of agro-
forestry had been developed to support the often
high population densities. Spread through a
matrix of planted coconut palms, which were
particularly common and immensely useful on
atolls, were a variety of other domesticated trees
including species of Pandanus, breadfruit, and a
native fig. As in much of the Pacific, what might
look like an untouched natural forest to an
uninformed eye was in reality a managed
agroforest in which almost every tree was
known and owned by an individual or a family
and served at least one valuable purpose if not
several. Unfortunately, a variety of present-day
socioeconomic factors and changes are leading to
a decline of traditional agroforestry in the Pacific
region.
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Agroforestry: Agri-Silviculture

Harold Olofson

Agri-silviculture is the intercropping of timber
and fuelwood species and/or fruit and other use-
ful trees with vegetables and other crops in a
common space, at the same time. It may charac-
terize a harmonic » swidden (see » Agrofor-
estry: Harmonic Swiddens) where fallow
periods are sped on their way toward full fertility
and a forest architecture by the purposive plant-
ing and protection of leguminous and fruit trees
in the cropping period or afterwards. Or it may be
found in permanent farms. In the first case, we
can refer to such swiddens as accelerated swid-
dens, to be distinguished as a term from the Food
and Agriculture Organization’s “accelerated fal-
low” to refer to swidden fallows which, because
of population pressure, must be planted to food
crops before they have recovered full fertility. In
agri-silviculture, the sylvan component of the
field is cultivated through practices like weeding
and thinning. Agri-silviculture is an example of
Alternative Forest-like Structures (AFS) because
of the presence of arboreal species which provide
some values of the forest. It is also a simultaneous
polyculture. Indigenous examples follow.
Within swiddens themselves we frequently
find that swiddenists are making efforts to
encourage reforestation at a very early stage by
interplanting forest trees and tree crops. These are
then simultaneously harmonic, polycultural
swiddens, as well as examples of agri-
silviculture. Agri-silviculture is one type of
indigenous agroforestry that seems identical
with some of the ideas which modern agrofor-
estry has adopted. From various anthropological
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sources on the Lingnan Yao of Kwangtung Prov-
ince, China, which were written in the first third
of this century, a summary of their agri-
silviculture has been constructed.

The first year after burning, a swidden is used
mainly for mountain rice and maize; the second
year for sweet potatoes; and the third year for
taro. Simultaneously with the first planting, seed-
lings of various economically important trees are
put in the ground. At the end of 3 years, these are
large enough to discourage further growth of
weeds and grasses. The swidden is thereafter
fallowed for 18 or 19 years until the trees are large
enough to be cut for timber (Lebar, Hickey, &
Musgrave et al., 1964, pp. 82-83).

They go on to say that cedar and » bamboo are
also planted in the swidden. The Lingnan Yao
apparently have had a symbiotic relationship with
the Han Chinese. The Yao are skilled neither in
timber extraction nor in woodwork. In exchange
for allowing the Chinese to take most of the
timber and other forest products, the Yao receive
rice, paper, cloth, salt, guns, and the skilled car-
pentry of the Chinese. Thus while the Yao grow
the timber, the Chinese cut it and transform it into
useful shapes (Lebar et al. 1964, pp. 82-83).
A search should be made for indigenous agrofor-
estry models among other South China cultural
minorities.

Acceleration appears to begin with selective
weeding in the swidden so that forest tree seed-
lings that have established themselves can sur-
vive. In his description of the Tsembaga Maring,
Rappaport noted that one is chided for stepping
on what is called “the mother of the forest” — tree
seedlings that are appearing in the » swidden but
not recognized by the visitor (Rappaport, 1971,
p. 122).

For the Siane of New Guinea, Salisbury pro-
vides this description of the importance of
Casuarina:

Casuarina trees [Casuarina equisetifolia] provide

wood for fencing, fuel, and house building, and

their growth as a secondary tree cover is facilitated

by the weeding of garden sites. This prevents the

growth of kunai-grass, which would crowd out

young casuarina roots. If the casuarinas are given

a chance to establish themselves, their shade
often prevents the spread of the sun-loving kunai.
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Kabun stage

Agroforestry: Agri-Silviculture, Fig. 1 Successional stages in the talun-kebun agroforest of the Sundanese, West

Java (From Christanty, 1982, p. 20)

The growth of casuarinas is deliberately encour-
aged, and gardens are often made when a boy is
born, with the explicit expectation that this will
provide a crop of timber for the boy at the time of
marriage, and so enable him to build a house and
fence a garden for his wife. Occasionally, too, casu-
arina seedlings are deliberately planted in areas
which no windblown seeds could reach. This hap-
pened, for example, in 1941 when Antomona clan of
Emenyo tribe returned to their devastated village
site, where all trees had been ring-barked following
their rout and expulsion in a war. Thus casuarina
trees may be considered ‘“cultivated” plants.
(Salisbury, 1962, p. 43)

Thus it was considered enough to completely
conquer an enemy by ring-barking all of the
casuarinas in his territory. This would mean that
the vanquished would have to retreat up to the
high mossy forests to make their swiddens, while
their forest areas lower down might run the risk of
grassy invasion, since ghost-fear would prevent
these areas from being immediately assimilated
into enemy territory (Salisbury, 1962, p. 48).

These accounts reveal that traditional
swiddenists are frequently capable of long-term
future orientation when it comes to forest regen-
eration, but primarily in the context of viewing
the trees that are so protected and preserved as
being useful to people.

Given the right economic conditions, this pro-
pensity to accelerate swiddens can evolve into a

completely stable form of horticulture with the
establishment of orchards. This has been
described for the Cuyunon of Palawan Island,
Philippines. Many of them have made this tran-
sition since the 1930s as a response to the
flourishing nearby market and port of Puerto
Princesa. As an ethnographer describes it,

Orchards are usually established as an adjunct
to swiddening. A farmer systematically inter-
crops his newly-planted swidden with tree crops
and then controls regeneration of herbaceous sec-
ondary growth until the tree crops are established
(Eder, 1981, p. 95).

The land used for tree crops, which are mostly
fruit of many different species, is in this example
taken right out of the swidden cycle.

Cairns (ca. 1995) discovered that the nitrogen-
fixing (even though nonleguminous) Alnus
nepalensis (an alder) enables the Angami Naga
shifting cultivators of the Himalayan foothills in
northeast India to accelerate their swiddens with-
out causing ecological damage. Oral histories
collected from village elders revealed that this
has been going on for 500 years, ever since alders
invaded the originally opened fields and always
seemed to enhance the growth of crops planted
near them. The Angami came to protect individ-
ual alders (which coppice prolifically and thus are
good renewable sources of firewood) and their
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Agroforestry: Agri-Silviculture, Fig. 2 Partial profile of a talun-kebun agroforest of the Sundanese, West Java (From

Michon et al., 1983, p. 126 ff)

seedlings, and through the centuries actively to
plant them in their fields. This intensification of
their agroforestry was probably a response to the
fact that the fields had to be clustered near the
village due to the hostility of neighboring com-
munities of head-takers. Swiddenists had to be

Over 2 years of cropping, the alders are
pollarded for firewood twice, at the reopening
of the fallow and again 12 months later. This is to
allow sunlight to reach the staple crops of upland
rice and pearl millet, and others. The alders are
then left to grow and dominate the tree canopy in
the next fallow period of 2 years. During that
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Agroforestry: Agri-Silviculture, Fig. 3 Schematic diagram of land use in Semarang village, at the edge of Kerinci
Seblat National Park, Sumatra, Indonesia (ladang = swidden) (From Aumeeruddy-Thomas, 1994, p. 22)

fallow, the trees’ “extensive roots draw nutrients
from a large soil area and return them to the
surface in high volumes of nutrient-rich
litterfall” (Cairns, 1995, p. 7). As aresult, Cairns
maintains, the Angami Naga do not remember
ever having suffered from this rapid succession
of fallow and cropping periods. It is made
possible by the presence of the alders, and
“without the need of outside technologies,
investment capital, or excessive labor inputs.”
This system is a model for how to stabilize
shifting cultivation.

The Huastec Indians of Veracruz State, Mex-
ico, manage stands of forest trees named by them
tel’om (Alcorn, 1981, pp. 409-410). These are
particularly closely managed in communities
sited near markets. This can be done by adding
shade-loving coffee trees into the forest, in places
where some forest trees have been cut down to
allow space for them. Those trees and vines
which are particularly useful for construction
are spared. In the shade of the coffee trees, cas-
sava and chili peppers are planted. Furthermore, a
species of valued medicinal palm, mango, and
citrus trees may be added. The tel’om includes
both primary and secondary species, as well as
useful species introduced from other plant com-
munities. The managed forest is used by women

and children for food gathering and play, and
streams running through it are sites for bathing
and laundering. Within a range of humanly man-
aged plant associations moving from crop field to
natural forest, the tel’om approaches the forest in
structure, but Huastec culture has turned it into a
multiple use artifact which can persist for many
years as a stable ecosystem. Having originated as
an enriched fallow, it need never be opened again
for » swidden.

Closely related to the fel/’om conceptually are
the “village-agroforests” of the Sundanese in
West Java, Indonesia. Named talun-kebun, these
cover up to 50 % of a village’s cultivated land
(Christanty, 1982; Michon et al., 1983, see Figs. 1
and 2). Thus they are not to be confused with
mixed dooryard gardens, which these farmers
also have, for they are found further away from
the residences. Architecturally imitative of the
tropical forest ecosystem in their structure and
bio-diversity, Michon et al. (pp. 118, 120) say
that they “should be described in the same way
as natural forest ecosystems” as well as “in terms
of an agricultural lay-out.” As in the fel’om of the
Huastec, the Sundanese talun-kebun preserves
wild vines, bananas, and trees. Annuals and
perennials are mixed with wild and domesticated
plants and livestock (chickens, sheep, and goats)
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Agroforestry: Agri-Silviculture, Fig. 5 Profile of an agroforest showing an association of timber, legume, and
cinnamon tree crops, Jujun, Kerinci, Sumatra (From Aumeeruddy-Thomas, 1994, pp. 28-29)

as well. Crop species can reach up to 250 in
number. This richness prevents the spread of
plant pests and diseases and ‘“represents an
invaluable gene pool on an island [Java] where
original forests have about disappeared” (Michon
et al., pp. 118-119). Like the tel’om, the talun-
kebun evolved out of the fallowing phases of an
older shifting cultivation, no doubt in response to
increased population pressure.

Much study has been done recently of indige-
nous agroforestry in Sumatra, Indonesia that has
been able to restore biodiversity to the forest by
incorporating cash tree crops into village forest
gardens (Aumeeruddy-Thomas, 1994; Michon
et al., 2000; see Figs. 3, 4, and 5).

In the agri-silvicultural form of accelerated
swidden, crops may sometimes support the
trees. This can occur if some of the crops are
nitrogen fixing. But more importantly, food
dlings

have the function of giving the farmer quick
returns, which he may require before he is willing
to go into the venture of a long-term investment
in the form of trees interplanted with his crops.
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Agroforestry: Field-and-Grove
Systems

Harold Olofson

This is the most interesting, complex, and varied
form of indigenous agroforestry. The fields can
be either harmonic or disharmonic swiddens,
accelerated swiddens (agrisilviculture or agro-
forestry rotations), irrigated or nonirrigated per-
manent fields, or combinations of these. But
they are interspersed with groves of trees that
may vary along a range from predominantly
wild forest species that are consciously con-
served to groves largely composed of domesti-
cated tree species planted by people. These two
components may alternate or be scattered in a
highly productive mosaic across the landscape
of a village, district, or watershed. There may
also be a tendency over a long period for some
fields to become groves, and some groves to
become fields, with both components thus
slowly migrating across the landscape, produc-
ing in effect a very long-term agroforestry rota-
tion. I was able to find four different types of
field-and-grove systems in the literature avail-
able to me.
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In some countries having temperate climates,
these have been a feature of indigenous agrofor-
estry. In England, patches of trees are known as
copses when they are composed of species that
can be managed by coppicing (cutting back trees
regularly to encourage more growth). Larger
woodlots and forests have been preserved for
centuries as a source of game, deadwood for
fuel, honey, and visual pleasure (see Rackham,
1985). But in more definite examples of the
“field-and-forest,” forest resources may be more
consciously pulled into the support of agriculture
than they usually are in swiddening systems,
where the forest tends to take on the passive
role of a growing fertilizer reserve. The forest
becomes more markedly a component of an
agroecosystem.

In many areas of Japan, it is the custom to
maintain a forest adjacent to wet-rice fields so
that litter from the forest floor can be annually
incorporated into the pondfield soils. This
may in some measure account for the traditional
high productivity of Japanese rice farmers. But
the groves are subject to premature aging as a
result of the fact that they are not allowed to
reabsorb their own litter as food (Kira, 1976,
pp- 36-37).

Some fascinating examples of field-and-forest
relationships are described by Wilken (1977) for
Mesoamerica. As in Japan, in western Guatemala
and Mexico he observed the “transfer of the forest
floor to the fields.” Leaf litter is scattered onto the
fields and turned into the soil to improve its
structure and moisture retention. The litter may
first be placed on the stable floor, where it picks
up nitrogen content from the urine of livestock.
Also, forest materials may be transported to the
field to provide protective microclimates, in the
form of mulches to reduce radiation and evapo-
ration from the soil and absorb the impact of
raindrops, or actual shelters in the form of leaves
and branches to perform similar functions and to
allow cash crops to become gradually attuned to
the open field. Wilken uses the term “forest struc-
ture mimicry” to describe the protective uses of
litter and also the custom of letting leguminous
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trees or pines to simply invade the fields, leading
to an eventual replacement of the field by a grove.

Wilken, like Kira, points out that the practice
of forest litter removal may have deleterious
effects on the forest. However, one could easily
imagine long-term experiments to determine the
best system of leaf-litter removal management so
that no section of the forest floor is harvested year
after year, thereby at least prolonging the life of
the grove.

The Field-and-Sacred Grove

A second variant of the field-and-grove type of
indigenous agroforestry is found primarily
among shifting cultivators who maintain forests,
which they believe are inhabited by spirits or
deities. These are thought of as fiercely defending
their homes by visiting illness on human
intruders. An excellent example is found in the
Philippines among the Tagbanuwa on the island
of Palawan, described by Fox (1982, pp. 163-76;
for India see Gadgil and Vartak, 1976). When a
Tagbanuwa selects a site in the forest for making
a » swidden, it must be first determined by a
religious practitioner (the shaman) whether there
are malevolent spirits (panya’in) who claim the
place. He or she enters the forest alone, makes an
offering, and perhaps experiences a trance or
dream in which an answer is received from the
spirits. If the results are negative, the area
becomes untouchable, and swiddens cannot be
opened in it for the lifetimes of the shaman and
the shaman’s spouse. Another way of testing a
potential site is described by Katherine Warner.
...A potential site was further tested for the pres-
ence of a panya’in by sticking a piece of » bamboo
into the ground. The next day when the bamboo
was pulled out, if there was dirt sticking inside it, it
was said that it was a panya’in’s area and that
sickness would come if it was planted. Interest-
ingly, the test that showed the presence of the forest
spirit on another level gave information on the
texture and suitability of the soil. If the soil is
hard and stays in the bamboo, it is not quite ready
to be planted, whereas if it is soft and fine textured
it will fall out, indicating not only the absence of

panya’in but also the suitability of the soil for
planting. (Warner, 1981, p.. 20)
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The result in Tagbanuwa country has been a
patchwork effect of swiddens, fallows, secondary
growth, bamboo groves, useful grasses, and
sacred groves, which has led to a harmonic and
productive system that allowed the Tagbanuwa to
live in what for swiddenists are quite large vil-
lages without depleting the nearby land. The
numerous ecotones (well-defined boundaries typ-
ical of closed communities) also have insured the
abundance of wildlife and game. But unlike the
systems described by Wilken, forest material
cannot be moved to the field, as sickness and
death might follow the breaking of the taboo
against trespass. However, the groves provide
seed, which can reach the centers of swiddens
easily since the Tagbanuwa do not arrange their
swiddens in clusters. With the death of the sha-
man or the migration of his village, his taboo
would be forgotten, and a later shaman might
come in and determine the former sacred patch
to be safe for swiddening. The long-term effect of
this again was an agroforestry rotation between
fertile sacred groves and cultivated areas.

In field-and-sacred grove systems, forest
resources are not used consciously in support of
agriculture. But the existence of the grove is
preserved so that it can be truly available to play
eventually its integral role in shifting cultivation
along with all forest vegetation as the “beginning
and end” of the swidden cycle, as Warner has
expressed it in a nice way (1981, p. 27).

Apel (1996) describes the complex forest
management of the villages of the Dai minority
people in Yunnan Province, China. The bulk of
their forests are “amenity forests,” which provide
an aesthetic setting for each village, an expres-
sion of a value rare in tropical Asia. Watershed
forests are “used forests,” recognized as provid-
ing construction timber and an adequate supply of
water for each village and its rice pondfields.
“Forests without special functions” are another
kind. All types of forest have high species diver-
sity. About 5 % of forests are considered sacred.
There are three kinds of these. “Sacred natural
woodlands” are wild and have been considered
sacred since animist, pre-Buddhist times and are
situated on hilltops adjacent to villages. Hunting,
tree felling, and collecting are all forbidden there.
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“Sacred groves,” purposively planted near Bud-
dhist temples, are biodiverse, providing sanctu-
ary for rare plants, and yield fruits for Buddhist
monks. “Forest cemeteries” must be kept sepa-
rate from the village at an elevation well below
it. Conceptually distinct from all of these are
individual “sacred trees,” especially the stran-
gling fig (Ficus altissima) with its many striking
features, which can be planted in sacred Buddhist
groves, found wild on hilltops as the homes of
spirits and sites of sacrifice to them, or scattered
throughout the “used forest.” In the latter case,
there is a taboo against felling the Ficus for use,
and they serve a positive ecological function in
assuring that frugivores (birds and mammals)
have a food supply available to see them through
periods of wider food scarcity, thanks to the char-
acteristic of figs to bear fruit at different times.
Apel claims that the taboo against cutting down
the strangling fig thus prevents local degradation
of the forest through overexploitation.

McWilliam (2001) has gathered significant
evidence to say that probably all communities
on the Island of Timor historically recognized,
and many still do recognize, within the districts
belonging to them, sacred (lulic) forests or
groves, existing within government forest land,
which they protect against shifting cultivation.
Today, much of Timor’s forest has been denuded
of vegetation, and sacred groves remain as relicts
of the wider forest. Depending on the traditions of
the varied cultures concerned, sacred groves may
have been preserved as the “mythic origin places
of local clan groups” and sites of religious sacri-
fice to those founding ancestors (McWilliam,
2001, p. 97). McWilliam makes a case for East
Timor government support of these “forest cus-
todial communities™ as entry points for “negoti-
ated reforestation activities,” the responsibility
for which can be shared between Timorese gov-
ernment and villages. The basis for this survival
of sacred groves, he contends, is a tradition of
“rural land management and protection” which
“provides a powerful source of moral authority
and ecological knowledge” that could lead to
sustainable conservation programs. This bold
suggestion could be true for places other than
Timor, as well.
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The Field-and-Woodlot: The Ifugao
Pinugo

The most striking example of a field-and-grove
system is that of the Ifugao of the Cordillera
Central mountain range in northern Luzon, Phil-
ippines. This system, which may be 1,000-years
old, has been described by Harold Conklin (1980;
for a review article on this see Olofson, 1980).
The Ifugao are best known for their wet-rice
terraces and irrigation technology on steep ter-
rain. But few know that their woodlots, or pinugo
as they call them, among pondfields, or at higher
elevations, are almost as interesting. Sweet potato
swiddens, too, are found at high elevations of a
watershed. The most instructive aspect of the
Ifugao woodlot is that it is made out of grassland
(and secondary forest) through an intermediate

swidden stage. To the Ifugao, making a swid-
den is the logical first step in reforestation. In the
swidden stage, the land being used is not owned
by the one making the swidden; he only has the
right to use its products. But when a family mem-
ber decides to grow a woodlot on this swidden, it
becomes recognized by all families in the water-
shed that it is now owned, as a piece of land, by
that individual, and its boundaries will be clearly
demarcated for all to see.

The Ifugao woodlot is itself an agrisilvi-
cultural system. The only kind of economic
plant not grown appears to be vegetables and
tubers, if Conklin in his account has mentioned
everything. But there are plantings of trees for
firewood and for the provision of building mate-
rials, utensils, furniture, tools, and religious figu-
rines; fruit trees and grove crops such as betel nut;
bamboos and rattans; and medicinal plants.
According to Conklin, the species diversity
exceeds that of the natural forest. The woodlot
is weeded, pruned, and thinned as it grows. It has
in fact grown out of an accelerated swidden. And,
it might be added, that as a woodlot is harvested
and ages, it reaches a later stage in its cultural
successional sere.

Oftentimes, the Ifugao cluster their swiddens
together, perhaps to defend them better from wild
pigs by digging trenches on the edges of the
cluster. When the swiddens are converted into


http://dx.doi.org/10.1007/978-94-007-7747-7_8874

140

woodlots, the cluster is more ecologically sound
as a forested expanse than would be a single
cluster alone.

Besides supplying the Ifugao with numerous
products, which make woodlots second only to
pondfields in economic value, the woodlots are
overtly recognized by the Ifugao as supportive of
the terraces, though not by the use of tree litter as
fertilizer (this comes from the floor of the public
forest). They are well aware, rather, of the fact
that they aid crucially in conserving the water
needed in irrigation, and in preventing soil ero-
sion and land slippage. Conklin found that even
children could talk about this. In addition, when
the woodlot becomes aged and completely
harvested it can be reconverted to swidden, at
which time its soil should be particularly fertile
for sweet potato.

The Field-and-Mixed Home Garden

Of some importance as indigenous agroforestry
are field-and-grove systems in which the grove
component is the mixed tropical “dooryard,”
“kitchen,” or “home” garden. The dooryard gar-
den represents a distinct agricultural enterprise
with its own integrity and often with crucial con-
nections to the farm component. Such gardens are
similar to harmonic, polycultural swiddens,
except that more important in them are fruit
trees, which provide a protective canopy under
which other plants are grown, and that perhaps as
a result of the need for closed nutrient cycling as
in forests, have become permanent. Stuart Schle-
gel (1979) in his description of the home gardens
of the Tiruray of Mindanao finds that they are in
fact a terminal stage in swidden. They would thus
in Tiruray be an equivalent to the Ifugao woodlot,
which also develops out of » swidden, except
that the Ifugao woodlot may be some distance
from the house.

Home gardens are of great significance on the
world’s most densely populated island, Java,
where they are called pekarangan. First of all,
this is due to their ability to protect the soil
through forest mimicry. Among the first to note
this was the geographer Karl Pelzer (1945,
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pp. 43-47) drawing on the work of Ochse and
Terra in Indonesia. Then, according to an eco-
nomic anthropologist, who was also including
talun-kebun (village-agroforests) in her statistics,
[For Java] ... garden land ... makes up anywhere
from 15 % to 75 % of the cultivable land area, may
provide more than 20 % of household income, and

more than 40 % of a household’s caloric require-
ments. (Stoler, 1978, pp. 86-87)

Another interesting statistic comes from Terra
(1966), who found that once well established and
continuously producing throughout the year, the
home garden grove in Java requires only five-
man days of labor per year for its upkeep. Finally,
Indonesian ecologists, noting that dooryard gar-
dens in some overfarmed areas of Central Java
“look like green oases in a desert of eroded hills,”
have characterized them as the last line of defense
against ecosystem degradation (Soemarwoto
et al., 1976, p. 194). These same observers go
on to suggest that they could be expanded spa-
tially to become falun-kebun and begin a rehabil-
itation of these same uplands. In this last regard,
Central Javanese home gardens are fulfilling the
same function as has been reported for sacred
groves in western India (Gadgil & Vartak,
1976) by representing the last patches of forest-
like cover in the landscape.

Pelzer believed that mixed home gardens were
not well developed in the Philippines. But recent
work by Sommers (1978) has shown that they
are rather widespread there, and the problem
remains of diffusing them further to the many
households where they are yet nonexistent or
underdeveloped.

From descriptions such as Stoler’s, it is clear
that Javanese home gardens are an alternative
forest structure (AFS).

They often lack the orderly appearance of
other forms of cultivation. They seem a haphaz-
ard array of scattered trees, untended plants,
crawling vines, and decaying vegetation. In fact
the lack of orderly rows and clean swept vegeta-
tion is precisely what allows pekarangan to pro-
duce its own natural fertilizers, and remain
erosion-free even in critical watershed areas of
poor land use. The multileveled “disorder” func-
tions in part to prevent unnecessary organic waste
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found under other systems of cultivation (Stoler,
1978, pp. 88-89).

She goes on to mention timber trees as one of
their products.

By viewing home gardens as part of a field-
and-grove system, we throw them into a wider
context. The ways in which they are related to the
staple field, livestock, and other gardens are prob-
ably many and varied, but not covered systemat-
ically in the literature in any one place. One thing
that stands out from putting together scattered
references on the dooryard garden, especially in
the context of shifting cultivation combined with
stable residences, is its role as an experimental
site for new varieties of vegetables and even
staples borrowed from neighboring people or vis-
itors. If these do well in the dooryard, they may be
grown on a wider scale and even tried out in the
main field. For example, among the wet-rice
growing Bontok in northern Luzon, Philippines,
where sweet potato grown in swiddens is calori-
cally more important than rice grown in mountain
terraces, new varieties of sweet potato are planted
first in the doran, which is found around the
house. This area acts as a reserve for all kinds of
cuttings, and also has fruit trees, green vegeta-
bles, and other root crops. From the doran, the
cuttings may be transplanted to swiddens or fed to
pigs (Yen, 1974, pp. 92, 95, 96).

This brings us to the connection between
home gardens and livestock. Among the Ikalahan
of northern Luzon, papaya, chayote, and sweet
potato vines from the dooryard go into the special
pig’s cauldron in the kitchen where cooked food
is prepared for them daily (Olofson, 1984). The
Ikalahan pig, however, is allowed to roam freely
to hunt for mast on the forest floor during the day,
so it cannot contribute collectible manure for the
maintenance of the dooryard plants. Among the
Bontok, however, pigs are kept near or under the
house and their manure can be collected and
added to compost which goes into rice fields
and which helps to account for the high produc-
tivity of Bontok wet rice without capital inputs
(Sajise & Omengan, 1981).

In the entry on harmonic swiddens, we noted
that a number of South American Amazonian
Indian groups have experimented with swiddens
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of much-less-than-expected species diversity,
swiddens often polyvarietal in nature, to perhaps
find other ways of providing some of the values of
the tropical rainforest to the cropped field.
Among the Siona-Secoya, one of these groups,
Vickers (1983) found that home gardens had
sparse and discontinuous canopies; they are also
not the best examples of the AFS. However, it is
important to note that Lathrap earlier (1977,
pp. 729-736) had much to say about highly
diverse mixed-home gardens among people like
the Shipibo and Desana and found that they may
have been very significant in the evolution of
agriculture among South American Indians. It is
worth quoting from him at a little length.

The house garden functioned as an experimen-
tal plot. New species of plants brought in from the
forest or received through contact with other eth-
nic groups would be introduced into the house
garden in a conscious effort to evaluate their
potential as useful cultigens. The composition of
the house garden was dynamic; .. .the potential
of [new] species was constantly being
investigated. . .. I would argue that the important
food crops of Amazonia were ennobled in the
context of these experimental plots.... Under
the artificial growing conditions and a degree of
artificial selection, they were genetically modi-
fied so as to become the supremely efficient food
producers of the tropical forest system at the time
of the contact period (Lathrap, 1977, p. 733).

See Also

Environment and Nature in Buddhism
Environment and Nature in Buddhist Thailand:
Spirit(s) of Conservation

Forestry in Japan

Swidden
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Agroforestry: Field-and-Interstitial
Support Trees

Harold Olofson

In this type of agroforestry, trees in groves or
rows are separated spatially from crops, but are
in a common field with them. The trees may be
planted in arrangements interstitial (with small
openings or gaps) to crop fields, for example, as
field borders, or along the contours of a slope. In a
variation, the trees and crops may be rotated in a
field. In this agroforestry rotation, the trees
interplanted in a mixture with crops may be cut
back (coppiced) to allow crops to grow in the sun,
and in a later phase allowed to take over and
dominate the field for a period when their prod-
ucts are needed. This last essentially entails a
rotation or alternation — or “separation” — of
trees and crops through time. In all variations,
the trees support the crops, as well as yield prod-
ucts of their own.

Spatially Interstitial Trees

There are many examples of trees that are spa-
tially interstitial:

1. The planting of Osage orange in the American
Great Plains as a hedge to protect fields from



Agroforestry: Field-and-Interstitial Support Trees

Field Crops

Rest, Play, and
Social Activity

143

Areas of work,

Shade

Fodder
(fruit)
Shade
Storm
Protection

a. Vutalaw in the
Home Garden

Utensils
(spoons)

Leaves

Livestock
in general

Windbreak
(house protection)

D = 4
g |z 8
olzgx|2 [~ 2
clef|g 8 |2
N Ple gl =
s[83(2 g ¢ (2
|28 €|
slo |- oS (8
— LEzIg% s <
= i
2 2SS ]
£
o . Seeds
< BorderbCrops. Shade | b. Vutalaw around the - House and .
o || string-beans, oIStTS Agriclutural Parcels Firewood House-Construction
2 taro,ginger, (branches)
g banana Furniture * =
c o B —~
g e § (beams) 2 E’ 5
g 5|8 S| £ eol, Bl
| o S 5 2[E 2|3
o 92 3 2 Zls 2|2
o Spring on | B 5 3 E g
Mt. Iraya B =
5] g
(7]
Livestock f Protection
c. Vutalaw in the Keel,oars Fishing
plow Forest or Wild planks Boat
parts

Agroforestry: Field-and-Interstitial Support Trees,
Fig. 1 The participation of the vutalaw (Calophyllum
inophyllum) in the Ivatan agroecosystem (From Rede-
Blolong and Olofson (1997, p. 115). By permission of

animals and then, as they grew, as a windbreak
(Smith & Perino, 1981);

2. The growing of ipil-ipil for fertilizer or fire-
wood on rice bunds in Pangasinan, Philippines
(interview data);

3. A living fencerow of Cestrum nocturnum,
guava, and forest trees to prevent the passage
of pigs from a pigsty into a swiddening area
among the Ikalahan of northern Luzon, Phil-
ippines (personal observation);

4. The use of ipil-ipil in contoured rows to pre-
vent erosion on steep corn farms in Cebu
(National Academy of Sciences, 1977,
pp. 72-73);

5. The planting of teak on fallow boundaries by
the Yoruba of Nigeria to claim ownership of
the fallow (John Wyatt-Smith, personal com-
munication), and thus probably prevent pre-
mature cropping by others; and

6. The planting in Batanes, Philippines of palo
maria (Calophyllum inophyllum) as living

Philippine Quarterly of Culture & Society. Thanks to
Fr. Herman van Engelen for his help in constructing this
illustration)

fencerows on parcel borders to mark bound-
aries, provide shade for cattle, windbreaks for
crop protection in a typhoon-battered region,
firewood, fencing material, and moist soil for
plantings of ginger and beans (Rede-Blolong
& Olofson, 1997, pp. 110-102; see Fig. 1).

Of special interest is the use of trees to
reclaim soil to fixate sand dunes, thus adding to
the total arable land. A good example is the
construction of living fencerows in seasonal
floodplains by the Indians of Sonora, Mexico.
These are arranged in such a way that they are
able to capture arable soil from seasonally tor-
rential watercourses that would otherwise erode
away the area in which the fencerows have been
planted. The trees are planted so as to impede the
flow of water, allowing soil particles in the water
to sink to the bottom of the stream (Nabhan &
Sheridan, 1977). While this type of agroforestry
involves the use of residual, leftover, or
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boundary spaces, such trees can be of the utmost
importance; they can be used to reverse the del-
eterious forces of nature.

Interstitial arrangements involving livestock
occur where spatially interstitial trees provide
fodder. A case in point occurs in Jalajala, Rizal,
Philippines, where native ipil-ipil growing
between (and within) upland parcels is collected
and brought down to sites situated on a level
lakeside plain in order to stall- or force-feed
milch cows (Olofson, 1985, p. 322).

Temporally Interstitial Trees, or the
Agroforestry Rotation

An interesting system that falls into this rubric
has been described for the Atoni language
speakers in the province of Amarasi in southwest-
ern Timor. The system is a relatively recent inno-
vation, but originated within and has been
strongly supported by traditional institutions. It
is a many-faceted response to famines caused by
slash-and-burn on poor soils in a climate with a
9-month dry season, and to the spread of Lantana
camara, which was interfering with the attempt
to develop a livestock industry in the resulting
savannahs, because it is poisonous to cattle:
With the systematic use of [Leucaena
leucocephala), which had been known in Timor
for centuries as a fallow plant, a significant agro-
ecological change took place in Amarasi. An adat
regulation pronounced in 1932 by the local ruler
(raja) in accordance with his council obliged every
farmer in Amarasi to plant rows of this leguminous
plant with at least 3-m spacings along the contour
lines on his shifting plot before abandoning it. This
was intended to reduce erosion, to encourage new
plant growth, and to improve soil fertility by mak-
ing use of the nitrogen-fixing properties of this
legume. In order to put the necessary pressure
behind these regulations, each farmer was threat-

ened with a heavy fine for failing to comply.
(Metzner, 1981, p. 96)

In 1948 the government officially adopted this
custom law as its own, and by 1951 Lantana had
been significantly reduced by the ipil-ipil
(lamtoro in Atoni), so that land-use zoning, also
originating in adat decisions taken by the raja in
1938, could be most efficiently implemented to
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aid in the separation of farming and grazing areas
(Metzner, 1981, pp. 96-98).

It can be assumed that the ipil-ipil was planted
late into the » swidden because of its rapid
growth, so that a succession of food crops and
ipil-ipil took place, rather than a mixture, in the
initial phase. In one area this use of ipil-ipil led to
a situation where the farmers could make a labor-
saving innovation that eventually resulted in
almost permanent cultivation.

Once the lamtoro poles and leaves are cut they
are not burnt but left on the field as mulch. Into
this mulch layer maize and other crops are
planted. Weeding is limited to cutting off the
fresh shoots growing from the roots of the legume
left in the ground. Similarly the cut-off shoots
remain on the field as mulch. Since the soil is
neither hoed nor turned the thin layer of
topsoil is hardly disturbed. According to the
farmers. . .even after 7 years of continuous culti-
vation yields were not lower than those expected
from newly cleared lamtoro plots (Metzner,
1981, p. 100).

In this system, the growth of the trees and
crops alternate over time in the same space. In
most swiddens, the forest stage of the swidden
cycle primarily functions as a source of fertilizer
to be released by the next burning, of shade to
eliminate weeds, and of seed for reforestation of
fallow areas. Here the fast growth of the ipil-ipil
as well as the soil enrichment caused by nitrogen
fixation adds significantly to these functions,
making the next cultivation of the plot possible
much sooner as well as extending the cropping
period. This last, in turn, makes it possible to
delay fallow and to allow adjacent ipil-ipil fal-
lows to grow more. For this reason, agroforestry
rotations of temporally interstitial trees that nour-
ish the soil could be called forms of accelerated
swidden.

It is important to note here that while the tree
component is kept “submerged” or cut back dur-
ing the cropping phase, so that we cannot speak of
a mix of growing trees and crops, this example is
still one of a simultaneous polyculture. The
underground portions of the ipil-ipil still play a
positive role in generating nitrogen and holding
the soil.
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Agroforestry: Harmonic Swiddens

Harold Olofson

Forest swiddens are clearings made in a forest by
shifting cultivators, to be planted to crops. They
are generally of two types, depending on the
cultural traditions of the cultivators: harmonic
and disharmonic.

Harmonic swiddens are found among many
indigenous cultivators, and are essentially a
form of agroforestry. In fact, when they are
designed and managed in such a way as to enable
rapid recovery of the forest after a brief period of
use during which their soil fertility is depleted,
they are good models for modern agroforestry. As
integral agroforestry paralleling Conklin’s
(1961) famous classification of types of shifting
cultivation, they are embedded in cultures into
which members of a society are born, as part of
their plan for survival. Making harmonic swid-
dens is learned as part of growing up in indige-
nous societies where they are integral to the
tradition of cultivation. One of the effects of
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harmonic swiddens which is often “in the aware-
ness” of their practitioners is to accelerate the
recovery of the forest structure which was elim-
inated in the process of making a » swidden in
the forest, once they have to leave the swidden.
This is done by paralleling or imitating in the
swidden that forest structure which they have
felled, or one which exists nearby. They attempt
to harmonize the structure of the swidden with
the nature of the environmental context in which
they live. Such swiddens can be called Alterna-
tive Forest Structures (AFS). The AFS can have
up to five characteristics that aid in identifying it
as forest alternatives. The first three were clearly
described by the anthropologist Geertz (1963)
and Harris (1971).

1. There is a high diversity index of plant species
in the swidden, as in the natural forest. In
contrast to monoculture, which specializes in
one species only, there are many species and
varieties planted in the field. Thus, a swidden
is a simultaneous polyculture (coined by Kass,
1976, p. 6), but a complex, not a simple
one. This term covers patterns involved in
mixed cropping, intercropping, interculture,
interplanting and relay-planting. Also in con-
trast to monoculture, there are relatively few
representatives of any species.

2. The vegetation is stratified into soil-protecting
canopy layers, two or four in number, but
usually less than in a tropical forest climax.

3. As in the natural forest ecosystem, the tight
cycling of nutrients within the bounded
agroecosystem is quite rapid. As has been
said for the tropical forest, the AFS cannibal-
izes itself by quickly reabsorbing its own litter
into its root systems. While this is widely
believed to be true for some of the AFS
described below, there is a need to confirm
this through detailed agroecological studies.

4. Oldeman nicely analyzes the fourth analogy.
According to him, especially in older forests,
“the death of forest patches is a perfectly nat-
ural mechanism which constitutes the motor
of all vegetational dynamism” (Oldeman,
1981, p. 79). Numerous accidents through
time, such as earthquake, exposure to storm
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winds, or the formation of goblet-shaped
clearings or chablis by the falling of single,
large, old trees cause the forest to take on the
appearance of a mosaic of points on a succes-
sional sere. As Rambo (1981, p. 36) has put it,
man may purposefully and systematically
manipulate the forest — through an
eco-catastrosphe of felling and burning — to
deflect the natural succession on a site back to
more open conditions and thus cause a patch to
enter a succession which he himself designs.
Geertz called this “putting the forest through its
paces.” Thus, like patches in the forest many
AFS will be located on some point along a sere.
Oldeman points out how it requires a good deal
of art and science to preserve with some stabil-
ity the analogical relationships between the cul-
tivation cycle and the natural cycle, and to
replace the wild species by domesticated ones
that fill the “same functional and structural
niche as their wild precedents” (Oldeman,
p. 81). Like the forest, swiddens also have
phases in their histories.

5. The overall effect is one of resonance between
the AFS and the surrounding natural forest.
The structure of the forest is imitated, planting
materials may actually be brought in from the
forest, and forest wildlife may flourish at the
ecotone (boundary) with the AFS. In these
ways, the AFS may act to reinforce the forest
ecosystem.

Disharmonic swiddens may have evolved
from harmonic ones, with the farmer learning to
specialize to the point of monoculture or near-
monoculture, with one species such as sweet
potato, upland rice, or corn dominating in the
field. In this process, the » swidden loses its
stratified canopies and there is a dangerous reduc-
tion of plant cover in the clearing during the
cropping stage. Or, disharmonic swiddens may
be cleared by land-hungry, lowland migrants to
the hills or forests who may be people who have
little knowledge of indigenous practices, who did
not grow up in cultures traditionally skilled in
forest farming.

Disharmonic swiddens have no resonance
with the surrounding forest other than attracting
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wildlife; they bring on the threat of soil erosion
through heavy rainfall impacting on the bare soil,
grassy intrusion, and a decrease of nutritional
diversity in the family diet. The harmonic swid-
den is much more capable than the disharmonic
of regenerating into natural forest during the fal-
low period.

Swiddens can be found on a continuum of
incipient to advanced indigenous agroforestries.
In the first, trees may not be a major component
of the swiddens, but species of fruit trees are
usually present. These incipient agroforestries
may be seen as evolutionary precursors to indig-
enous agroforestries which put more stress on
trees, usually always to support the crops. Swid-
dens of this nature have been reported widely for
traditional peoples. For the T’boli of Mindanao,
Rice has made this observation:

Usually there are three or more different crops on a
given piece of land at all times and as each crop
ripens and is harvested its place is taken by another.
A well-developed system of inherited agricultural
knowledge governs which seeds are to be planted
together and in which months they can be planted
for most effectiveness. This ... tends to maintain
the soil fertility longer since at least one legume is
usually in the soil to stimulate nitrogen fixation.
Second, the land is covered more continuously and
heavily, and erosion and weed control are thus
more effective. .. (Rice, 1981, p. 77)

For the Tsembaga Maring of New Guinea, one
anthropologist has described the forest-like struc-
ture of their swiddens.

In the garden as in the forest, species are not
segregated by rows or sections but are intricately
intermingled, so that as they mature the garden
becomes stratified and the plants make maximum
use of surface area and of variations in vertical
dimensions. For example, taro and sweet potato
tubers mature just below the surface; the cassava
root lies deeper and yams are the deepest of all.
A mat of sweet potato leaves covers the soil at
ground level. The taro leaves project above this
mat; the hibiscus, sugarcane and [Setaria
palmaefolia] stand higher still, and the fronds of
the banana spread out above the rest. This
intermingling does more than make the best use
of a fixed volume. It also discourages plant-
specific insect pests, it allows advantage to be
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taken of slight variations in garden habitats, it is
protective of the thin tropical soil and it achieves
a high photosynthetic efficiency (Rappaport,
1971, pp. 121-122).

The Tiruray of Mindanao have been described
as having another kind of what I call resonance
between the forest and the cultivated areas. This
involves a virtual exchange of planting materials
between the two sites. Four » bamboo species,
the fruit tree Averrhoa carambola, narra, and
Gendarussa vulgaris are taken from the forest
and planted in swiddens, gardens, at the edge of
watercourses, or right at the forest boundary,
while the candlenut (Aleurites moluccana) is
planted directly in the forest (Schlegel, 1979,
pp. 171-179, 194-205).

In harmonic swiddens, trees support the
domesticated plants grown in the clearing by
first bringing about more fertile soil conditions
and then by being sacrificed through burning for
fertilizer. It is difficult to see, however, how
nutrients from the clearing do much in their turn
to make the forest prosper. Perhaps on the edges
of swiddens, where some slash or crop residues
may be thrown from the » swidden into the for-
est, or where rainwater is eroded down from the
swidden, nutrients may re-enter the nutrient cycle
of a small section of forest. On the field itself,
only crop residues remain to act as a source of
nutrients for the returning forest. It may be that
young trees are able to make incredibly efficient
use of such small amounts of nutrients, for on
soils in which domesticated plants no longer
flourish, secondary growth will oftentimes thrive.

The Lacandon Maya of Chiapas, Mexico plant
numerous varieties of fast-growing root and tree
crops prior to the planting of corn in their milpas
(swiddens); these prevent soil erosion and nutri-
ent leaching in the newly cleared field. During the
rains, many other species of tubers, trees, cereals
and vegetables are planted. Of great interest is the
observation that the Lacandones have learned to
plant several of these crops only when certain
“indicator” species in the primary forest begin
to flower. For each planted species, the
corresponding flowering forest species is called
the “foot” of that crop. “Such a system coordi-
nates the agricultural cycle with current

147

environmental conditions, rather than with a
fixed calendar that makes no provisions for
annual variations in temperature and precipita-
tion” (Nations & Nigh, 1980, pp. 9-11, see
Table 1). Thus the Lacandones tune in to what
ecologists would call the forest’s information
flow. This could also be described as the disper-
sion of crop cycles through time.

There is also, among the Lacandones, disper-
sion of plants in space through their swiddens.
This prevents large clusters of single species and
so emulates the high species diversity index of
the forest, ensuring that the » swidden “becomes
a living mass of food-producing plants which
occupy the entire cleared area both above and
below the soil.” These dispersions in space and
time enable the plants to escape their herbivorous
predators, and make possible a sustained yield of
food throughout the year (Nations & Nigh, 1980,
p.- 11).

The Lacandones have evolved a swidden sys-
tem wherein a swidden is only cultivated for short
periods, and few weedings are done. This allows
secondary species to establish themselves
quickly on sites that are abandoned, so that
re-opening of that space to cultivation can take
place after only 2 or 3 years of fallowing, since
forest growth will have been enough to provide
sufficient ash fertilizer after burning. Not only
that, but wild species are encouraged, and a vari-
ety of other useful plants are deliberately seeded
into the acahual (fallow) to accelerate the
reappearance of the forest (Nations & Nigh,
1980, p. 15).

The Lacandones recognize the forest as the
principle factor in regulating itself. The strategy
is thus to “farm” in the forest. . . not to replace the
forest in order to farm (Nations & Nigh, 1980,
p- 20).

All of the above is not to imply that all shifting
cultivators have harmonic swiddens, as defined
previously. Newcomers to forest farming do not
have the required knowledge for managing
forest-friendly swiddens. But traditional, inte-
grated swiddenists also may not have swiddens
that are Alternative Forest-Like Structures.
Anthropological research prior to 1983 among
Amazonian Indian groups living near the Equator
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Agroforestry: Harmonic Swiddens

Agroforestry: Harmonic Swiddens, Table 1 “Foot” indicator plants: wild forest species whose flowering provides

information flow to the Lacandon Maya (From Nations & Nigh, 1980, p. 12)

Crop Indicator species
Month Region English Latin English Latin Lacandon
January South Corn Zea mays Barbasco Paullina pinnata maish ak’
February North Watermelon Citrullus Corkwood Heliocarpus halo
vulgaris donnell-smithii
North Corn Zea mays Corkwood Heliocarpus halo
donnell-smithii
March - - - - - -
April-early | South Corn Zea mays “White Unidentified sik
rope” vine su’um
April-late North and Corn Zea mays ? Bucida buceras pok te’
South
May-late North and Corn Zea mays Mahogany Swietenia punah
South macrophylla
June-early North and Corn Zea mays Mahogany Swietenia punah
South macrophylla
North Rice Oryza sativa Mahogany Swietenia punah
macrophylla
North Peanuts Arachis Mahogany Swietenia punah
hypogaea macrophylla
July - - - - - -
August North Tobacco Nicotiana Black bache | Guatteria anomala ek’bache
tabacum
North Black climbing | Phaseolus Black bache | Guatteria anomala ek’bache
beans vulgaris
September- | North Sweet potato Ipomoea ? Nectandra sp. ek’onté
late batatas
October North Tobacco Nicotiana Wwild Dialum guianese wich
tabacum tamarind
South Jicama Pachyrrhizus Water vine Vitis tillifolia yuhi
erosus
South Corn Zea mays ? Unidentified k’uwan
November- | South Corn Zea mays ? Unidentified piskinin
early
November- | North Corn Zea mays Barbasco Paullina pinnata miish ak’
late
December- | North Corn Zea mays Corkwood Heliocarpus halo
late donnell-smithii

in South America found a number of tribes with-
out them, interspersed among those who do. In
1983, the journal Human Ecology published a
symposium of papers on these groups, wherein
the authors attempted “appropriate d