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CHAPTER1O

IRRIGATION AND MOISTURE-SENSITIVEPERIODS
A ZapotecCase
TheodoreE. Downing
Bureau of Ethnic Researchand Department ofAnthropology, Uniuersity of Arizona
Cultigen growth depends upon aPpropriate
amounts of heat, sunlight, carbon dioxide, soil
nutrients,space,time, and moisture.Of these,modification of moisture content has been one of man's
more common tools for increasing cultigen yields,
Given other adequateinputs, cultigenproduativityis
optrmizedwhen critical amountsof waterare applied
at the correcttime. H€rein,l discussthe importanc€
of the amount, source,and timing of water application upon an irrigationsystemin southernMexico.r

THE OAXACAVALLEY
The OaxacaValley lies at 5000 feet,250 miles
southeastof Mexico City. The Rio Atoyac traverses
the northwestern and southern arms of the Y-shaped
valley. The Rio Salado, bis€ctingthe southeastern
arm, joins the Atoyac near OaxacaCity at the Y's
center. Extremely rugged mountains surround lhe
valley, whose northern Iim forms the continental
divide.
Lying in the rain shadow of the divide, this
watershedis a pawn of the Caribbeantradewinds.In
the dry season, roughly from October to April,
streambedsare filled with sand,rocls, and boulders
but no water. Spring trade winds push rain-laden
cloudsonto the divide;theseearly cloudsbreakaway,
bringing sporadic cloudbursts to a few fields in the
valley. High on the escarpmentslopes,heavy downpours rejuvenatedormant streambeds.Torrents of
brown, foaming waters wash rich vegetablematter
into the valley.
In July, daily rains punctuatethe afternoons.A
precipitationin August is
short period of decreased
followed by heary rains in September.In early
October, the final drizzlesdampenthe high slopes,
and anotherdry seasonbegins(Figure I O.l).
Rainy seasonsare predictable;their magnitudes
and startingand endingtimesarenot. The wide range
of annual rainfall, varying from 435 to 825 milli-

meters,makesthe averageannual rainfall (6?3 rnm.) a
meaningles statistic (Schmeider 1930:7). Valley
farmersrecognizethis variabilityand contrast"wet"
with "dry" years,occasionallycomparingthesewith
a mythical "average"year that rarely occurs.
Precipitation'srandom spatial distribution adds
more uncertainty to farming. Most rains occur as
cloud bursts or severelocal thunderstormswhich
drench a small area often no larger than a few
squarekilometers while adjacentlandsremaindryRainfall's varying annual magnitude and uneven
spatial distribution combine to make dry farming a
risky enterprise.Moreover,thesemeterological
conditions keep streamflows intermittent and of varying
volumes,makingirrigationfrom a temporallystable.
permanent surface w ater source physi cal l y
impossible.

V A L L E Y I RRI G A T I O N
Flannery, Kirkby, Kirkby. and Williams(1967)
outline the valley'slong historyof irrigation,discerning evid€nceof irrigationin one form or anothersince
the Early Formative (1200 to 900 B.C). Furthet,
irrigation:
they distinguishthree types of small-scale
pot, csrul, aJJdlloodwater. Pot iftigation involves
hand mining of groundwatertapped by means of
small, shallow wells.Primitive well diggingtechnology
limits this technique to those parts of the valley with
relativelyhigh water tables(l.5 to 3.0 meters).Carcl
irrigation is gravity-flow diversion of perennial
streamsor springs,while the diversionof occasional
flash floods during the rainy seasonis called.floodwater irrigstiotl.
It is important to realize that contemporary
Oaxacanirrigation systemsmay not show historical
continuity with pre{olumbian systens.Many of the
canal and floodwater irrigation systemslocatedon
the high piedmont were abandonedfollowing the
Conquest-This abandonmentwas the result of a
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combinationof secondaryeffects of depopulation,
demandfor food, and consequentdisrup'
decreased
tion of local level,socio-politicalorganizationThe
tury population expansion
late sev enteenth-cen
brought resettlementof the high piedmont and
re€stablishmentof some of the irrigation techniques.
Presumably,these irrigation systemsare similar to
preconquestsystems,although this assumptiondemandsmore carefulhistoricalreconstructionthanhas
beenpreviouslyattempted.
Today, small-scaleirrigation systems dot the
Oaxaca Valley f1oot. Small'scale implies that the
lowest level in the Mexican political hierarchy, the

municipality, designs,builds,maintains,and admin'
istersthe technique.Thcsesystemsshow considerable
variationin allocation,administration,and physical
size(cf. Lces1973).

DJAZORDAZ
The town of Diaz Ordaz, also known as Santo
Domingo del Valle, operatesone of thesesmall'scale
irrigationsystems.Locatedin the Tlacolulawing, this
nucleated community of 4,000 Zapotec-Spanishspeakingpeasantsborders the Yillageof Mitla @arsons
1936).

A Zarytec Case
Resettled during the sixteenth centurv. Diaz
Ordaz'seconomy was derivedlrom wagelabor on a
nearby haciendaand herding,supplementedby dry
farming and blanket weaving.This economy was
alteredby the political and economicdisruDtionsin
the early twentierh century. The Revolution forced
the comntunityto fend for itself throughacceptance
and a progressive
expansionof a combined canalfloodwater irrigation systcm. Today, Diaz Ordaz
ranksas one of the few corn€xportingvillagesin the
Tlacolulaarm'shigh piedmont.Irrigatedagricultureis
supplementedby wage labor and, to a lesserextent.
sheepand goat herding.blanker weaving,and other
smallcrafts.
Thc village culrivatesless than l0 percentof its
estimated50 squarekilometersofland. Most villaee
l a n d s ar e m ount ai n o u sa n d b a rre n , s u i ra b l e fJ r
firewood. maguey,or beans.Farming provcs most
profitablein the sntall corner of villageland on the
valleyfloor. Of this land,approximately5OOhectares
are dry farmed,yielding at best one marzecroo oer
year.Orher dry farmedcropsincludemaguey,uarious
kindsof beans,squash,and somecastorbcans.
Only a fraction of DiazOrdaz'slandsare regularly
irrigated(1150 hectares).This land might be called
the community's "breadbasket.,'Not only does it
offer two cropsof nraizeper year,but alsoit permits
bountiful yields of alfalfa,winter wheat, chick peasbeans.squash,and castorbeans.

WATERSOURCES
Farmersdivert irrigationwater primarily from an
intermittent stream called Ihe Heu Rctb (,,Laree
Stream'). Its watershedextendsto lhe crest of tf,e
continental divide, encompassinglands of the
upstreamsettlement,SanMigueldel Valle.
San Miguel'sagriculturalpractice,the swiddenins
of beansand potatoes,playsa criticalsupportiverole
for crops in Diaz Ordtz. Floodwater,r"d bu Diu,
Ordaz farmersderivesits riclt nutrient content from
vegetablematerial cleared by San Miguel farnrers
from their fields and subsequentlycarried downstream by erosion.Furthermore,San Miguel'speak
work seasonis different fiom thal of Diaz Ordaz,
thereby providing the latter with a cheapsourceof
laborfor their more intensiveagriculture.
Diaz Ordaz's Zapotecssegregatetwo kinds of river
water (zr.sheu). The first, flashfloods(nisbae\t),are
infrequent and limited to one to six annual flows
which last from two to six hours. In the daytime,
Zapotecsattempt to predict theseflows by observing
rainfallpatternsin the river'swatershed.This predic_
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tion often proyidesirrigatorswith a twoiour advance
warning. At night, only a distinctive rumble of
flowing, turbulent water forewarns floodwater's
arrivalDay or night, when floodwaterarrives,all social
activiti€s are secondaryto channelingthis highly
valuedwateronto fields.For instance,lwitnessed
the
local elementaryschool director lose hjs audience
during graduationexercises.
Floodwaterarrivedduring his lengthy, preparedspeech.Impatient fathers
rolled up their pant legs,and at the fust paus€in the
address,excused thems€lvesand ran to get shovels.
Manning their sluicegateshad precedence
over this
otherwis€importantoccasion.
The secondcategory,clearwater(nrsrrra),includes
all river flow that is not floodwater.Clear water
occursintermittently throughoutthe rainy season_
originatingas either precipitationrunoff or groundwater seepage
in the riverbed.2
Zapotecsdistinguishfour partsof a cana13
(Figure
10.2).The first of these,/4'r, ,r.,rz(literaUy,,,drinking
mouth"), might best be glossed..diversion
dam." Six
diversiondams take water from the l:rge Stream.
Thesedans stand 2 metersin heighrand i0r meters
in width; they are constructed of logs spacedevery
meter, interlacedwith saplings,rock, and earth fill.
Half the dams rest upon concrete footings, which
were recentlybuilt to retard the persistcntundercutting problem.
During floodwater peaks, these dams channel
water down their main canals,Each irrigatoralonga
canalregulates
the amountofwater enteringhis fields
by nreansof a breachin the bank pluggedby a large
rock. As irrigators close their sluice gates, back
pressurebuilds up and combineswith the massive
force of flooding and undercutting.The diversion
structure collaps€s.Floodwater rushesdownstream
and is again divertedby the next dam. This process
conlinues until either the flood is exhausredor all
fieldsare irrigated.
In addition to divertingfloodwater,the diversion
dams impound "clear water" during periods of
minimal flow. In this case,the main canalsluicesate
is closed unril the small reservoirbehind the Lm
reachesits capacity.Then, the gateis openedand one
"tank" or retgoreleased.
The ja'a tom is that stretch at the canal'shead
located between the main sluicegate and the first
irrigatedparcel.Like the diversiondam, it is subiect
to heavysiltingand requiresperiodicmaintenance.
The remaining length of the canal is subdividecl
into segmentscalledbtds plus a proper name.These
se8mentshave no operational significancein the
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irrigation system.Rather, they are historical surviyals
marking the progressiveextension of a given canal.
Diaz Ordaz's canal network has l8 segments,suggesting at least as many distinct building phas€ssincethe
turn of this century. Extensions were organized by
some individual or group at the end of an existing
canal. Using only a small experimental ditch, they
would test the feasibility of a canal by gaining
permission from all owners whose lands the ditch
would pass,and then observeif water moved correctly in the ditch. If it did, they would organize a
cooperative effort by all parcel holders who would
benefit from an extension. Costs were distributed
among farmersin proportion to the sizeof their land
holdings.
Topographically, extensionsappear to be timited
by natural obstacles,like arroyos. Crossingan arroyo
with an irrigation canal requiresa considerableoutlay
in manpower and materials for a small aqueduct
(calicanto). Disagreementsinvariably arise between
upranal irrigators as to why they should contribute
to the costs of aqueductswhich benefit down+anal
irrigators. The solution: stop the extension at the
arroyo and let the farmers down-canalorganizetheir
own group since they would all directly benefit from
their investment.aNext, through a processwhich I
poorly understand, the segment's (bias) irrigators
subdivide themselvesinto anywhere from 2 to 12
sub-unitscalled /rafios.

Tramos (sections) are the most significant spatial
and administrativeunit within this irdgation system.
A section encompassesall parcels irrigated by a
common sluice along the main canal.Each household
owning land within this spatialur'it is calleda rcgante
or irrigator. The number of irrigators in a section
variesfrom 13 to 41, with a medianof 28. Munici
pality records of sectionalmembershipsuggeststhat
this ratio has remained constant since the 1930s,
despite inseases in the number of sections in the
village.
Section membership is obligatory and contingent
upon ownership and/or cultivation of a parcel within
the designatedterritory. Transfer of ownership,either
temporarily through sharecroppingor permarently
through inheritance or Ml€, necessitatestransfer of
sectionmembership.
Each section has administrative officials: president, scribe,and treasurer,Successionto theseoffices
comes through rotation, each parcel holder taking an
office for one year, However,personnelmay overlap:
a woman or man may be an official in more than one
section at one time. This situation is contingent, of
course,upon owning dispersedparcelsin village lands.
The section officials have duties explicitly detailed
in the group's charter. They mediate disputesamong
their unit's irrigators, and hopefully, resolye them
informally before escalation to higher authorities.
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A Zapotec Case
They assign obligatory work loads to all irrigators
within the s€ction, collect a small tax, and distribute
v,/aterallocated to their section. For th€seduties the
officials receiveno compensationand little praise.
Work foads (tareas) and taxes (impuestos) arc
distributed among water users proportionate to the
amount of maize which potentially could be seeded
on their parcelsat one planting.s Each section along a
canal contributesequal shareseither in labor, mater'
ials, or more rarely, cash, for the upkeep of the canal
head Qah tom), ?td the diversiondam. Major repairs
to aqueductsor to breaksin the main canal are borne
by those downstream from the damage.In contrast,
work within the section is not done cooperatively,
Section officials mark off lengths of the canal to be
cleanedand assignthem to different irrigators.These
irrigators or their hired labor must clean their
assigned portions by a certah date, but do not
necessarilywork together.
There is considerablevariation in water allocation
among sections. Within some sections the total
allotment of water is divided equally by the users.
Others apportion water according to the surfacearea
of tand held by each irrigator. Sections receive
allocations of water from the next level in the
irrigation hierarchy, Ihe sindico.

s tN D tc o
The sfndico is a local authority who is in chargeof
water distribution to the 70+ irrigation sections
(tramos).Waler allocation is not the sindico'sprimary
duty. As the second highest official in the municipality's local level political system (known to MesoAmerican scholarsas the civil-religioushierarchy),the
sindico is the jural representatiyeof the state government at the local level. He sharesresponsibility with
the local judges in the adjudication of all intra-village
disputes,and holds sole responsibilityfor referring all
casesof capital offenses and "civil disobedience"to
the district courts. The vaguedefinition of this latter
offense provides the sindico with his power. Extreme
disagreement of an irrigator with others may be
interpreted by the sindico asendangeringcommunity
harmony. Civil disobedience, which may be interpreted as extreme counter revolutionary activity may
lead to heavy legal expensesand possible lengthy
incarceration. Villagers are aware of this sanction
although the sindico seldom exercisesit. This power
would lead to a potentially dictatorial situation if it
were not for the obligatory and limited term of
office. Like other municipal officials, the sindico is

chosenby consensusand servesan economically and
psychologically punishing three-year term. Like the
tramo officials, he receivesneither compensationnor
praise.
Criteria for selection of sindico does not include
water administrationabilities or irrigation experience.
The past two sindicosin Diaz Odaz have considered
water administration a nuisanceand readily admitted
they poorly understood the irrigation systembeyond
their own duties. These duties are to 1) inspect the
diversion dams and head sectionsand decide when
they are in need of repair, 2) mediate disputes not
resolvedby s€ction (tnmo) officials, and 3) allocate
water among sections. Understanding how water is
allocatedrequiresconsideringtemporal changesin the
availability of water.

T I ME ,WA T E RA ND RI G HT S
WesternEuropeanlaw distinguishesthree principal
doctrines for the distribution of surfacewater rights.
Under iparian doctrine, owners of land located
adjacent to a water source have rights to it whenever
they wish. This doctrine is modified under the
condition called "correlative rights" wherein these
pdme users should exercise some consideration of
others; e.g., downstream users' rights should not be
completelyusurpedby upstreamusers.Finally, under
the prior appropriationdoctrine,prioritiesto water
are determined by historical precedenceor administrative fiat rather than by proimity of an owner's
land to the source.Kazmann(1965:122)and others
note that the riparian doctrine correspondswith areas
of excesswater, like the eastern United States,and
the prior appropriation doctrine correspondswith
waterdeficient regions,like the southwesternUnited
States.
The Mexican state follows the doctrine of prior
appropriation. Diaz Ordaz Zapotecsselectivelyignore
the doctine and alternate betweenriparian and prior
appropriation rights within the sameyear.
Ostensibly, shifting from riparian to prior appropriation rights is accomplished by a stroke of the
sindico's pen; he declares the municipality water
under rule (en reglaJ.This action brings all irrigators
under his authority by activating the previously
described hierarchy (Figure 10.3)- While water is
under rule, the sfndico maintains a water distribution
list. Sections (tramos) are apportioned watet on a
"first come - first served"basis.Each receivesa fixed
number of hours or impoundments,varying with the
type of appropriativemethods the sindico feelsmost
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equitable.After eachirrigation,a sectionmay put its
name on the list for an additional turn.
This period of prior appropriation ends when
either (l)the river goes dry or, less commonly,
(2) the first floodwater crashesdown the escarpment
- whichever occurs first. Thereafter, the riparian
doctrine prevailsuntil the sfndicoagaindeclareswater
"under rule."
Timing of these shifts from one doctrine to the
other would appear to confirm the excess-scarcity
hypothesis us€d to explain the geographicaldistribution of the doctrines in the United States.How€ver,
the correlation between a physical fact (water quantity) and a cultural fact (the allocation system)
demandsthe interlinking of variablesexplicableat the
level of obseryablesocialbehayior.
How does the switch from riparian to appropriatiye rights occur? Closer exarnination revealsthat the
sindico's activation of the prior appropriation doctrine rests, in part, upon a social-psychological
mechanism: an individual's tolerance to stress.During the
riparian period while rainfall and stream flow are
high, conflicts over water rights are low. As precipitation and stream flow decrease,the frequencyand
ardor of conflicts over water rise. These conflicts are
taken directly to the sindico, becausethe administrative water hierarchy is inoperative. He resolvesthese
disputes in his capacity as an authority in the local
level political system, not as an irrigation system
administrator. Finally, the sindico grows weary and
overtaxed with water disputes. Without warning, he
declaresthe systemunder rule. This meansthat no
one, including the sindico, can anticipate when prior
appropriation begins.
Once prior appropriation is established,conflicts
between irrigators subside. This decreasemay be
attributed to structural change in the adjudicative

processes.A single individual, the sindico, mediates
disputes under riparian rules. Under appropriation, a
threelevel hierarchy of mediators buffers disputes
before they reach the sindico. lf those conflicts
unresolvedby the lower level in the hierarchy reach
the sindico, they are consideredmuch more serious
by the officials and community than disputesoccuring under riparian periods. The former conflicts are
those that could not be resolvedby peersin the fields
or by the tramo officials. The sindico now has public
support to exercise his most coercive power shifting the dispute to district court under the guise
of a "civil disorder." Thus, the ultimate power for
water regulation lies outside the local level. This
power is based upon the sindico's dual role as
local-levelwater administrator and civil official in the
Mexicanstate.
Conflicts between sections (tramos) ar€ rare because the criteria for membership prevents sections
from becoming corporategroups.Partible inheritance
scattersmost households'fields,meaningthat many
are membersof severalsections.Just asa
households
kindred system creates cross-cutting links between
individual kinsmen, making aorporatekinship allianceslogicallyimpossible,so multiple sectionmembership creates conflicts of interests between
members.Informantsprovidedthis explanationwhen
asked why no inter-s€ctionconflicts could be recalled.
This structure explains why conflicts subside
under the prior appropriationdoctrine, but fails to
account for the flare-up of conflicts at the end of the
hypothesisalso lacks
rainy season.The excess-scarcity
correspondence
with the data,If scarceprecipitation
and stream flow lead to frequent conflicts, then
disputes should be high during the beginninBof the
rainy seasonwhen these samehydrologic conditions
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A Zapotec Case
hold. That is, the "low precipitation = scarcewater =
more conflicts = more social control" explanation
break down, becaus€the system is under riparian
rights at the beginning of rains, and under appropriation rights at their end, while precipitation is equally
sparseat both extremes.The key to this puzzle lies in
defining water scarcity in terms of the moisture needs
of cultigensrather than in terms of absolutewater
quantity.

PERIODS
MOISTURE-sENSITIVE
In 1899, Brounov introduced the concept of a
plant's critical period, meaning that part of a plant's
developmentalcycle most sensitiveto meteorological
events.Salter and Goode (1967) refinedBrounov's
work by introducing the concept of a plant's moisture-s€nsitiveperiod (MSP), referring to that point or
points in a plant'sdevelopmental
cycleat which it is
most sensitiveto either excessor scarcemoisture
conditions.They review the literature for several
hundred cultigens and demonstratethat these MSP's
are crop specific.
Agronomists'researchon the moisture-sensitive
period of maize is of direct interestin this ethnographic case. The MSP of maize has been defined
using observations of its differential yields under
conditions of a) irrigation applicationexperiments,
b) soil drought response,and c) statisticalstudiesof
its responseunder different precipitationpatterns.
Using irrigation application experiments,Cordner
(1942) djscoveredthat irrigation before silking increasesthe plant's size,but not its yield; irrigation
after this point bringsabout increasingyields.Howe
and Rhoades (1955:98) found that "the yield of
plants irrigatedjust before tasselingand during silking
(144 bu./acre) was almost as high as, and not
significantly different from, plants irrigated throughout the season( 153 bu./acre)."Their control,unirri
gated maize, yielded only 69 bu.lacre, while a single
yielded101 bu./acre.
irrigationin late tasseling
Robins and Domingo (1953) and Denmeadand
Shaw (1960) usedan alternatestrategyfor determining maize'sresponseto soil moisture.They allowed
plantsto depletethe moistureto a permanentwilting
They
percentage
at variousstagesofits development,
found that such deficientmoistureconditionsmaintained for two to three days during tasseling and
silking reduced yields 22 percent, while six to eight
daysof moisturedeficiencyreducedthem 50 percent.
Depletion of water during other phasesof the plant's
development failed to show such dramatic effects.

ll9

Statistical studies of rainfall's effect upon maize
production corroborated these experimental findings.
Salter and Goode (1967:32) summarize over
twen ty-fi ve such controlled experiments:

The results of both experimental and statistical
studies thus suggest that soil mositu.e conditions
during the period of flowering and early grain
formation are partrcularly qitical in determining
grain yield in maize. They are reflected in many
recommendations made over a number of years to
hrigate the crop during this period

MUL T I P L EF UNCT I O NS
I RRI G A T I O N' S
period
This information on the moisture-sensitive
of water'splace
of maizepermitsfurther specification
in D'nz Odaz agriculture(Figure 10.4). Floodwater
irrigation lengthens the annual growing seasonby
placinga small,yet crucial,amount of water on the
fields four to eight weeks ahead of the onset of
rainfall adequatefor dry farming. Given a four-month
growing season for maize, the MSP for the first
irrigated crop falls during the peak of the rainy
season-This crop'sirrigationneedsare minimal,and
rainfall is sufficient. However, limited irrigation does
occur during this period, The variation in rainfall
distribution leavessome fields drier than farmersfeel
necessary,and they may irrigate.(under riparian
rights). However, such irrigation involves risks. lf a
heavy downpour succeedsthe irrigation, excessive
saturationof the fields can causeerosionand crop
most informants
damage.Due to theseuncertainties,
choosenot to hrigate.
The extendedgrowing seasonalsomakespossiblea
secondcrop; its planting immediLtely follows the lust
harvest. Adequate rainfall during the planting period
assuresthe secondcrop's germination. Heary rainfall
during the pre-tasselingperiod produces substantial
plant foliage. Indirectly, the correspondenceof heavy
rainfall with early plant growth stimulates positive
feedback to agricultural production. The leafage
providesdraft oxen with fodder during the dry winter
months. Therefore,the well-fedoxen are capableof
constant harrowing duing the period before spring
planting. Some farmers consider the second crop a
"moderate success"if it yields only fodder for the
winter.
The secondcrop's moisture-sensitiveperiod occurs
during the time of decreasingrainfall (about late
October), and createsproblems distinct from those
for the earlier crop. Irrigation during this MSP
differentiates those farmers harvesting only fodder
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from thos€ harvestingfodder with grain. Unlike the
situation in other periods, water now becomes a
factor limiting productivity. Provided that the earlier
needs,the second
crop meets a farmer'ssubsistence
crop is converted into the few amenitiesenjoyed by
subsistencefarmers.
Given the uncertainties of receiving rainfall and
irrigation water during this period, and potential
dangersfrom the onset of frost, somefarmers opt for
less moisture-sensitiveand frost-resistant crops like
alfalfa, chick peas, and wheat. These command a
lower market price, but are less risky if water proves
scarce.
With these physical constraints, the increasein
water disputes during the second crop's moisturesensitive period seemsunderstandable.Water equals
grain and Zapotecs know it. In tum, the low
frequency of water-relateddisputes during the beginning of the rainy season seems rcasonable.Wat€r
would be scarceduring the earlier MSP if fodder were
needed (i.e., to increase the plant's foliage), but
alternativesourcesof fodder reducethis necessity.
The high frequency of disputes seemsexplicable
given this modification of the water-scarcityhypothesis to take into account the specific water ne€dsof
maize. But the cultural response(the specificmanner
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of water allocation) cannot be so easily linked to
hydrologic conditions.
Activation of the prior appropriation doctrine and
the administrative hierarchy echoes a theme of
equality common to other sectorsof Zapotec culture
(for example, in equal inheritance rights of all heirs
and equal civil obligations of family heads). The
overall effect of the water distribution system prevents an individual from gainingan advantageover his
neighbors.Likewise, the administrativestructure with
its rotation of officials makes it impossible for any
one individual to take advantageof his administrative
authority for any length of time. Thus, the structure
of the administrative system proves consistent with
the method of allocation itself.6

IMPLICATIONS
This analysis has attempted to clarify the key
characteristicsof an irrigation system, but the painfully small sample impairs generalization.Nevertheless, most case studies implicitly hypothesize some
model, and my discussionis no exception. I suggest
that water scarcity must be defined in terms of the
availability of water to plants during their moisturesensitiveperiods. In drier climates, irrigation proyes
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A Zapotec Case
either an alternative or a supplement to rainfall. In
determining the water scarcity of a system, the
relative importance of these two sources must be
considered.Hopefully, some day, rainfall and stream
flow models from hydrology will be adapted to a
discussionof this anthropologicalproblem.
Assuming clirnatic conditions in which the €ntire
planting of a society's main crop must take place at
approximately the sametime,I hypothesizethe water
scarcity during the moisture-sensitiveperiod forces
some kind of rigid social organization to allocate
water. Whether the allocation favors equal or discriminatory distribution depends upon cultural
factors, not wat€r availability.

This conclusion reflects that of others in this
volume, Irrigation is a phenomenon more complex
than such crude nursery facts as that water evaporates
and flows downhill. The faiture of anthropological
theory to link types of social organization with
irrigation systems may be traced to its current
inability to refine both sidesof the irrigation-society
equation. Although anthropologistsarduously typologize and theorize about society, th€ir work on
irrigation lacks this maturity. Until irrigation systems
are as adequately discriminated as social systems,
theories relating them remain as trustworthy as a
surgeonwith poor eyesight,

NOTES
'I wish to acknowledgethe invaluable assistance
of Cecil Welte, Director of the Oficina de Estudiosde
Humanidad del Valle de Oaxaca, who provided the
rainfall data for the Tlacolula wing used in Figure t0.1, and to McGuire Gibson, Wayne Kappel,
Chester Kisiel, and Dianne Wightman for their com'
ments and revisions of earlier versionsof this paPer.
2In addition to floodwater and clear water, Diaz
Ordaz Zapotecs exploit groundwater, using a recent
technological innovation which they call an "underground dam" Qtrev submerida). This device is an
unusual variation of a kanat. For a description of a
real kanat, seeNeely's paper in this volume. Informants claim this device was introduced in 1932 by the
well-known Mexican engineer,JorgeTamayo.

3No Spanish word for "canal" is used in this
villageexcept by a few village farmerswho worked as
bracerosi\ lhe U ted States.
aThis paragraph refers to a canal's longitudinal
extension. Canalsare moved severalmeters latitudinally up or downhill on a "trial and error" basisuntil
the appropriate topographic location is reached.This
relocation was still occurring during my field work in
1970.
sThis rneasure roughly approimates field size
@owning, 1973).
6Explication of this theme of equality falls outside
the scope of this paper, but is cdtical to any
explanation of Mesoamericansocial structure.

REFERENCES
R.I.
BROLINOV,
Factors.(Russian)Met. Bjuro uc
of GrainYield on SunSpotsand Meteorological
1899 The Dependency
Vol. 2, Sel'skohozjajstvennaja
Kom. S. Peterburg,Reprintedin P. I. Brounovlzbnnnye Socinenija,
Irningrad. 5167 .
Gidrometeoizdat.,
Meteorologija,
H. B.
CORDNER,
1942 The Influenceof lrrigationWateron the Yield andQualityofSweetCornandTomatoes.vithSpecial
of the AmericanSocietyof
Referenceto the Time and Number of Applications.Proceedings
40:475-82.
HorticulturalSciences.
DENMEAD,O. T. andR. H. Shaw
and Yield of
1960 The Effect of Soil MoistureStressat DifferentStagesof Growth on the Development
Corn.Agron.Jow. 52:272-74E.
Theodore
DOWNING,
University'
Stanford
Ph.D.dissertation.
1973 ZapotecInheritance.
Jr.
FLANNERY,KentV. AnneV. T. Kirkby,MichaelJ. Kirkby,andAubreyW.Williams,
Science.158:445-53
andPoliticalGrowthin AncientOaxaca.
1967 FarmingSystems
'

r22

THEODOREE. DOWNING

HOWE,O. W. andH. F. Rhoades
hoceedingsof Soil
1955 IrrigationPracticefor Corn Productionin Relationto Stageof Development.
ScienceSocietyof America.19:94-98.
I(AZMANN,RaphaelG.
1965 ModernHydrology.New York: HarperandRow.
LEES,Susan
1973 Socio Political Aspectsof CanalIrrigationin the Valley of Oaxaca.Ann Arbor: Menroirsof the
Museumof Anthropology,Universityof Michigan.
EliseClews
PARSONS,
1936 Mitla: Townof Souls.Chicago:Univ.of ChicagoPress.
ROBINS,J. S.andC. E. Domingo
1953 SomeEffectsof SevereMoistureDeficitsat SpecficGrowthStages
in Corn.Agron.Jour. 45:618-21.
SALTER,P. J. andJ. E. Goode
to Waterat Different Stagesof Growlh.ResearchReut:ewNo. 2, Commonwealth
1967 Crop Responses
Kent,EnglandBureauof HorticultureandPlantationCrops,EastMalling,Maidstone,
Oscar
SCHMIEDER,
1930 The Settlementsof the Tzapotecand Mije Indians.Berkeley:Univ. of CaliforniaPublicationsin
Geography.

