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IKTRODUCTION

Teperale is a vemacular MeJÙean temI refening lo a
hardened land with various degrees of infertility. TepelaleS
are derived ftom volcanic rnaterial. mainly tuff. The sei­
entific defmition œserves the tenn repetare for a hardeocd
layer in soils formed from pyroclastic malerials. In the
Central Valley of Mexico the5e indurate layers are arnong
the mast striking pedological fealUres. l'wo types have
been recognized: the fragipan and the duripan type. The
fint ODe clUl be CODVerte<! inle soil after proper manage­
ment lo a1leviate lite social pre88llre for agriculturaJ IlIDcl.

TEPETATES:HARDENED
VOLCANIC SOIL LAVERS

TepetQle is a vemacular Mexiean tenn referring to a
soiJ or hardened material witb various c1egrees of inter­
tility .'11Etymologically, teperare deriVeli from the Nahuatl
term ..tepellatI.. ("ted"=stone and ..pecat1"=bed) which
means "bed of stone:·12f However, in botb folk and
teehnicaJ """ses repetar.. has a wide semanlic range of
meaningsP-'J ln the 16th century, the Nahuad classifica­
tion of earth rnaterials illCluded the tepetare 88 boch a
deductive class delined by sligbtly 1iiable consislellCe
"rock-like materiah" and an inductive class of "lIJlIble
soiI. ,,(2) Il is speculated tIllIl the tenn tepetare wu adopted
to enclose two NallIIaI1 words: "tepetatl" and "tepe­
talIa1i,' , used le differentiate between "bed of slone"
nooapt for agriculture and arneliorated "bed stone," re­
specti.vely. This explanation rnakes it casier ID understand
today the ambiguity of the term. Receot studies on peasant
soil classification mate the5e tcnns equiv8lent lo non­
workable and workable 1and, respectively.141 A1though the
folk detinitioo is widely uscd, a more modem seientific
definitiOll reserves the term repelale for a hardened layer
found in soils fOl'lllCd from pyroclastic materiaJs.15
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Hardeocd soil layers are oot exclusive from Mexico.
Similar formations can he found in NiClll'llgUa, Salvador
and Honduras,15.7.S1 Ecuador,I91 OliJe,l'D) Pern,lll) and
Colombiall21 onder differeot names "taIpetate," "cao­
gahua," "lObas and lladis," and "sillares" (Table 1).

Pedologically, rt/Mtares are swface DI' subsurface
hardened layers derived ftom tIlff,lUI pyroclastic flOWs,151

or old volcanic asbes.1l4' Tepereues have becn described
as minerai "C" borizons little affected by pedogenetic
processes, whicb correspond lo lUI intennediaœ 8tIIIe of
a1terlllioo of a vitric rhyolitic tnff./13.U IThe maiD IIllribute
of reperates is ils hardness, altbough dtere are big differ­
enc:es among dîffereol types. They vary in color from gray
over yellow to reddisb brown, as weil 88, in thickness
and structure.

The best known repetares in Mexico are located in the
Valleys of Mexico and l1axcala. in the eastem and
wesœrn slopes of the Sierra Nevada between 19°10' and
19°40' LN and 98°10' and 98°55' LW[l6-l8/ (Fig. 1).

Up lo lO layers of superimposed repetales have been
de:scribed in Central Mexico. ll8J

The fullt tbree series of thete volcanic deposi15 (llIIIIled
TJo T2, T3) were dated between 10,000 lo 40,000 years
old.IlS) Pcfia and Zebrowski[19) c1assified the repetares of

Central MeJÙco in accordance witb IWO criteria: the
stratigraphic series of origin and their cODSisteney (similar
ID a fraaipan or petrocaIcic horizon). The fngipan-type
repelales. whicb are the ones that CIID he amelior8led for
agricultural and foresay uses. were classified as r~tmes
types tl' t2, and t3 with or witbout calcium carbonate.119J

This type of r~tates appears in differeot positions in
the Jandscape. mainly in footbills and glacis, in the eastem
and western slopes of the Sierra Nevada. Their cbar8c­
teristics differ in rerms of the topographic position.. Mosl
of the repéiJles 10caled in foothills are of the fragipan type
but do DOl bave ail the characteristics requiIed by the Soil
Taxooomy ID be classified as such, the reason for wbicb
they were called fragipao type (Table 2). In the "glacis,"
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Table 1 Areas repOTted 10 ha.e hardened layers of volcanic origin in differenl couDlries of Latin America

COUDIry Nam. of the layer Area (Jun')

Mc-xico·
Nicaraguab

El Salvador y Hooduras'
Ecuador"
Orile'
Perû"
Colomh;.'

Iepelale
talpetale
talpetale
caogahua
ii.ms y lobas
,mares
harde.ned vo1canie fOmlstinn,;.

30,700
2500
NOl reponed
3000
4750 and nol reported
10,000
12.000 ln IS.OOO

'1W.(16).
"Ref. (8,26J.
'Infollllltion 00l availlbie.
'Rer. (271.
'Ref. (28J.
'Rer. (II].
'Rer. [12].

located further dowo fooùrills, lepelares show calcareous
coatings and are more Iike petrocalcic horizons.1201

The most outstanding physical propenies of the Cragi­
pan-type ,epelates are an average bulk densüy of l' .45 Mg
m- 3; total porosity neBr 40%, with a macroporosity oftcn
below 5%; a hydraulic coDductivity of 0.3 lU 0.5 mm
hr- 1; a hardness 10 dry penetration below 20 kg cm- 2;

textnre from sandy-clayey-Joam lU silty-clayey-loam
(with more than 25% c1ay).I5.6·181 This kind of ,epelares

expands and gets friable wheo moist and disintegrates
when il is suok in water. The physical propeJties. espe­
cially bardoess and the low values of macroporosity in
natural conditions, are seriaus Jimi tations 10 farming (root
develo~ment, water penetration) and favar surface ero­
sion.121 Loss due 10 erosion arnounts to 30 Mg ha- '.

The fT1lgipan-type lepelales are rich in bases. among
which calcium, magnesium, and potassium prevail; they
come from a mineral fraction rich in volcanic glasses and
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TlIbIe 2 Simillrilie. and diffen:nces be1ween fnl8ipao and repellMs

3

Layer miel<
Pedogenesis

Layer S\JUCIUIC

separations between
strnewral uoilS

Diallltter of air-dry fragments
of l!Ie natural soil tabric
Waœr bellavior

Roots
Organic mattet content
Bulk densilY

Translocation of clay

15 cm or more
I!vidcnçc wilhin the horizon or, 111 minimum,
ou the faces of structural WIils
Very _ prismaâc, columnar, or

blocky slNcture of any grade; weak &1rUeture
of any oize; massive
SeparatioIls alJow roolS 10 enter. bave an
average spacing of 10= ar lIIOfe 011 the
horizoDl8l dimelUliOll$
510 10 cm

Mme than 50% of the borizon sIalœ wben
lbey m 5Ubmergal in waœr; oJowly oc very
olo...ly permeable 10 W8ter
A flnn ar firmer rup!Ure-rtSÎstanee cius
in 60% or more of the volume. a brillie
lII8JIIIer of liriIure III or near fleld c:apadly
VirtuaUy no mols

Rdalively Jow
Higb, œlatlve ta the bori7.DIIS Il1love il

Seme cvidences

6 CID or more
Evidence wilbin the horizon

Masàoe strllOtlIn: predomiDant lIIld
virtually no struetural uni!&, b1ocl<y
sJructwe of any grade in !he l, lepelau

Virtually no separations in lbe lIIIISllive
6~ bUl the !ipllCiDg in the t, lepelQte

C.ID be 8IOUIId 10 cm
VÎIl1IaUy no fragments wben dJy

The lepellU' slues wben sobmerpd in
water. oIowly or very s10wly permeable
10 water
HanlIIIId very bard wben dJy and friable
ta very liiable wben moisI

Virtually DO lOOIS
Verylow
Very lûp, relative 10 l!Ie horizons
of the profile
Vcry frequent

'mcs. keY" 10 SoiITaltOllOlllY (7111 odib'" 19961l1ld lldJ _ 1998).

plagioclase higbly susceptible ta pedogenetic alteration.
The cation exchange capac;ity ranges frotn 20 ta 40 cmo!
kg - 1 of fillC eartII, due ID the abundaDce of 2:1 clays; the
perceDtage of base saturaLion is bigh. Rection is s1ightly
alkalillll. pH 7.3-8.2, because of die presence of carb0­
nates. These rnarerlals cootain ooly traces of organic
carbon (0.2-0.7%), nitl'Ogen (O.~.07%), and soluble
phosphoms «3 ppm), whicb is one of ilS major chemicaI
problems. Tbese cbaracterislics of this type of leperates
result in Iow fertility, sn it is DCCeSsary te improve
it before tbeir rebabilitation for agricuItural or forest
use.121.22J

The material of origio of the ftagipan-lype teperates is
made UV mainly of alkaIine rhyolilic g1as!lCS, plagioclases,
amphiboles. 8IId pyroxenes of different si%.eS.l1s•181 Sec­
oDdary miDc:rals are a mixtme of 1; 1 and 2: 1 clays, ofœn
intenlnltified wilb a 2;1 suoog componetIt of Ille beideUite
type. C1aYI are very wcll oriCllted, wbicb favors the co­
besion of the fragipan-type tepelt1res and atœngtbens the

compact Dal1Ire of tbeir matrix. This reperate type preseuts
"free" nOllCtySllIIlioe silica. lICCIImuJalion of iroo and
manganese oxides. and occasional1y calcite and only traces
of allopbane. Mineraloaical propetties explain ooly paTt1y
the bebavior 8IId cbaracteristics oftbese materials.IS,I",ISI

The fragi pan-type teperates can bc converted inIo soi!
after mechanically breaking up the hardeDed materiall211

to improve rheir physical conditions (pore space. water
rerention C8pIICity). Chemical and organic fertiJi7.et'S must

also he added to illCl'CISC tbe available nitrogen 8IId
pbosphorus, as weil as the organic matter cootenL[231
Tepetares an: very poor in the fint (Wo; however. dleir
content of the other _tial nulrienlS and clay. as weil as
their cation exchange capacity, il similar 10 \bal sbown by
productive soib.l23]

ManuaJ incorporation of the fnlgipan-type repelates to
agricu1tural or forest activity hegan centuries age. Nearly
40 years ago. mechanized methods were introduced. The
ripped-up layer is 40 to 50 cm deep. Deep plowing is donc
wben the tepetale is dry because fracturing of bard bor·
izoos is more complete !ban wtder moiat conditions.l2O'l

Ancienl expetienc:es gat:bcted by local (armers and
reœat modem researcll experiences aJJow 10 propose a
series of management practices for the relJabiUtation of
the tepe/Qtes of the fragipan type: 1) The leperate layer
must he broken al a minimwn deptb of 40 cm and frai!"
menti of a size between 3 and S mm must bc left after the
mechanical or manual preparation (actions leading te a
very fiDc fragmentation, less than 2 mm, must he avoided,
as weil as a frequenl tillage of the tepetale)_ 2) Aftet
tillage, organic matter must be added (an app1icariOlt of 40
Mg ha- 1 of farmyard maDW"e bad a 4-year residval ef·
fect). 3) Nitrogen and pbos'pbotus fertilizen must he ap­
plicd as a complementary practice te rhe addition of
organic matter; rates te he applicd must be based on lbe
crop dem8lld and the nulrienl supply capacity of Ille re­
covet'cd lepetales; nitrogen appIicatioos ale recornmended
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to Ile made in a fial:tiooaJ manner 80 as to impro\Ie their
lIlIe and efficiency. 4) The crops sbowiog die best re­
sponses in die tint )arS of dieu~ inc:orporatiOll are
small-grain cereals such &li wbeat, b8dey. and 0ldS, aad
fodder crops 8IICb as vicia, trifo\ium.s, aDd wild medi<:a­
sos: goocl mponseB - obtained onIy as of tbe second or
tmnI cropping yelU' for "';ze. bealls. and broad beans.
mainly pIlmle4 in association. S) ln die inidal phase of
cstabIlllbing a acp, especia1iy if sma1l-grain caeals, il is
advisable to~ up ID »JI, die SOWÙIi deosity in
order ta have a beaer plant populatioa. 6) The a4opCion of
a c:rop rotation pattern comaining legumes and gramineae
is recommeo4e4.

CONCLUSION

Tepfia#S are layms of baJdeDed materiaI !bal 4evelop in
profiles of 1ands fonne4 from volcanic lIIIteriaI in Mexico
aIId DIber COIIIItries with voIcanic iIIfIuence. and are object
of partieular sciealific inœrellt. Amelloralioa of the fra­
gipan-type MpelQlU al10ws small farmen to bave aa:esa
to aarïcuIturù 1aDd aIId ID obIain a meID8 of support. no­
duciDg dleir nûgralIcm lOWIlrd populared areas. aad al the
ume lime sJowing clown erosioD and desertification.
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