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ABSTRACT: Decisions and practical attitudes of land use and management adopted by rural
populations are, to a great extent, based on local soil knowledge. This study was performed to
describe and analyze chemical, physical and morphological characteristics of sodium-affected
Alfisols employed in traditional pottery; and to compare, through statistical analysis, pedogenetical
horizons and soil layers, as recognized in soil profiles by professional researchers and potter-
farmers, respectively. Fieldwork was performed in Ché da Pia, a rural village in the municipality of
Areia, in the Agreste region of the State of Paraiba, Northeast Brazil. Ethnoscientific techniques
were used to describe and analyze soil knowledge of potter-farmers who played the role of
informants. A comparison of soil categories recognized by farmers and researchers was performed
through discriminant-canonical analysis. Soils from which local people obtain a material named
“barro de loica” (pottery clay) were classified as Typic Natraqualf and Vertic Albaqualf, according
to Soil Taxonomy. Potter-farmers were able to identify differences between the tillable topsoil and
underlying layers from which they extract ceramic clay. Some soil layers, recognized by potter-
farmers, were similar to pedogenetic horizons of the same soils, recognized by researchers, in terms
of physical, chemical and morphological characteristics. Discriminant-canonical analysis was a
useful tool to articulate and compare information related to soil knowledge held by distinct social
groups.
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PLANOSSOLOSAFETADOS POR SODIO NOAGRESTE
PARAIBANO CONFORME CONHECIDOS POR
AGRICULTORES-CERAMISTAS EAGRONOMOS

RESUMO: As decisdes e acfes de uso e manejo adotadas pelas populagdes rurais sdo, em grande
parte, baseadas no conhecimento pedolégico local. Este trabalho teve como objetivos descrever e
analisar as caracteristicas quimicas, fisicas e morfologicas de Planossolos afetados por sodio usados
em ceramica artesanal e estabelecer, por meio de analise multivariada, comparagdes entre os
horizontes pedogenéticos e as camadas reconhecidas nos perfil de solo por agricultores-ceramistas.
O trabalho de campo foi realizado em Cha da Pia, localidade rural no municipio de Areia, Agreste
Paraibano. Técnicas etnocientificas foram empregadas para descrever e analisar os conhecimentos
pedol égicos dos agricultores-ceramistas que atuaram como informantes. A comparagdo entre as
categorias de solos reconhecidos por agricultores e pesquisadores foi realizada por meio de andlise
discriminante-candnica. Os solos de onde se extrai o material localmente denominado “barro de
loiga”, dentro do contexto estudado, foram classificados como Planossolo Nétrico e Planossolo
Haplico no Sistema Brasileiro de Classificagdo de Solos. Nesses solos, 0s agricultores-ceramistas
foram capazes de identificar diferencas entre as partes superiores do perfil, associadas a camada
aravel e aquelas mais profundas, que servem como fonte de material ceramico. Demonstrou-se
também similaridade fisica, quimica e morfoldgica entre algumas camadas dos perfis de solo,
reconhecidas por agricultores-ceramistas e determinados horizontes pedogenéticos dos mesmos
solos. A andlise discriminante-canOnica foi Util para articulagdo e comparacao de informagdes
oriundas de conhecimentos pedol 6gicos diversos.

Palavras-chave: etnopedologia, andlise discriminante candnica, ceramica, conhecimento local

Sci. Agric. (Piracicaba, Braz.), v.64, n.5, p.495-505, September/October 2007



496 Alveset al.

INTRODUCTION

The need of fitting land use strategies to local
reality has determined the quest for efficient mecha-
nisms for communication among researchers with for-
mal education and rura populations, mainly small scale
farmers. Ethnopedological studies attempt to support
this pursue since they may provide more in-depth un-
derstanding of the relationship among humans, soils and
other constituents of the ecosystems (Alves & Marques,
2005; Alves et al., 2006). The rationale is that social
groups tend to assign different meanings to soils (Bradly,
1989; Krasilnikov & Tabor, 2003; Cooper €t al., 2005),
and that decisions and practical attitudes of use and man-
agement adopted by these groups are based on their spe-
cific knowledge and cosmovision. These are generaly
transmitted through generations without necessarily us-
ing written language (Toledo, 2000).

Statistical multivariate analysis has shown to
be useful in pedological studies, facilitating the com-
parison and integration between soil data sets, even
when they are related to different socia groups (e.g.
soil scientists and peasants), as it happens in
ethnopedological research (Williams & Ortiz-Solorio,
1981; Queiroz & Norton, 1992). In this study, “for-
mal” soil knowledge is that one which is shared by
researchers with academic education (soil scientists,
in this case), while the knowledge shared by social
groups which use and manage soil resources in their
daily activities (peasant potters, in this case) is assumed
to be “local”®.

The magjority of ethnopedological studies have
focused local knowledge on the tillable topsoil, with
special emphasis on the spatial distribution of soil cat-
egories over the land surface as recognized by the
populations under study. On the other hand, Barrera-
Bassols & Zinck (2003) have shown the existence and
importance of peasant knowledge of soil variations with
depth. In the Agreste region of the Paraiba State (Bra-
zil), Alves et al. (2005) observed that some potter-
farmers recognized differences between tillable topsoil
and underlying soil in Albaqualfs and Natraqualfs, and
were also capable of distinguishing, identifying and
naming, on their own language and criteria, some of
the soil materials stratified throughout the profile.

This study had the objective of describing and
analyzing chemical, physical and morphological fea-
tures of some soils used in traditional pottery and to
establish, through statistical multivariate analysis, com-

parisons between pedogenetical horizons and the lay-
ers recognized in sodium-affected Alfisols by local pot-
ter-farmersin Areia, State of Paraiba, Brazil.

MATERIAL AND METHODS

Data Collection and Analysis

Fieldwork was performed in Cha da Pia,
which is located in the rural zone of the municipality
of Areia (Agreste region of Paraiba State), Brazil. Ap-
proximately forty people were working directly and
regularly in the making of pottery clay (“loica de
barro”) for commerce and family usage in the area,
and they call themselves “loiceiros’ (potters)®. Local
altitude varies between 484 and 552 m, latitude
between 6°54'15" and 6°55'6" S, and longitude
between 35°46'39" and 35°47'41" W. Predominant
relief is undulated or gently undulated. The climate
is As' (hot and dry, with rain during autumn and
winter), according to the Kdppen's classification, with
annual rainfall averaging 700 mm (Jacomine et al.,
1972).

During the first phase of the fieldwork, 35 lo-
cal potter-farmers worked as informants through open-
ended interviews (Albuquerque & Lucena, 2004). Af-
terwards the interviews were intercalated with tours
(Spradley, 1979) in which potter-farmers guided the
authors to the sources of “barro de loica” (local de-
nomination of the soil materials that provide plasticity
to the ceramic paste). The information obtained was
recorded in tape and registered on field notebooks for
|ater transcription, systematization and analysis. In ad-
dition to the information offered by the peasant crafts-
men, the authors obtained data related to soils used in
local pottery through direct observation. Sampling and
soils description were performed through conventional
methods (Santos et a., 2005) in five sites (pottery clay
sources) by four agronomists (the authors of this pa-
per) who had previously accomplished graduate stud-
iesin soil science, thus with formal knowledge in Ped-
ology.

For each of the five profiles, following con-
ventional description, complementary soil sampling
was done with the help of an informant who was asked
to name and describe, according to local knowledge,
the soils (or soil materials) of the location. Pointing
to the soil profile, the authors would ask questions
such as: “show me where the pottery clay is” and
“what else can you show me here?’

MSantos (2006) has shown that some local features may be found in formal or scientific knowledge. So, the adjectives "formal" and

"local", as used in this paper, do not mean the opposite of each other.

@Theterm “loica’ iswidely used in colloguial languagein Northeast Brazil, and refersto traditional pottery. It appearsinthe“Aurélio”
Dictionary [http://www.uol.com.br/Aurelio] as being parallel to “louga’. Accessin June, 2004.

Sci. Agric. (Piracicaba, Braz.), v.64, n.5, p.495-505, September/October 2007



Sodium-affected Alfisols 497

The materials indicated by the potter-farmers
were collected and sent for |aboratory analysis, as well
the samples from the previous conventional soil pro-
file description. The methods described by Embrapa
(1997) were used in the laboratory analyses. An at-
tempt at establishing comparisons and articulations be-
tween the results of the two soil sampling approaches
(with and without the presence of potter-farmers) was
made, after the fieldwork and laboratorial results were
obtained. Other information on the studied environment
and the procedures for soil collection and analysis are
availablein Alves (2004) and Alves et a. (2005).

Multivariate Statistical Analysis

Considering that informants used to know and
manage different soil material categories, which
seemed to be arranged as strata on the soil profiles
(Alves, 2004; Alves et a., 2005), it was hypothesized
that it would be possible to compare peasant soil ma-
terial categories, locally named “capas’ (from here on,
simply “layers’), with the pedogenetic horizons of the
same soils, through multivariate statistical analysis.
This hypothesis was tested through discriminant-ca-
nonical analysis (DCA), based on some of the mor-
phological, physical and chemical features of the soils.
In this case, laboratorial (physical and chemical) and
field (morphological) analysis results were used for
both data sets. the layers and horizons.

Previous studies where multivariate analysis
was applied to pedological and ethnopedological data
treated the “individuals” as soil profiles (Cipraet al.,
1970; Queiroz & Norton, 1992; Vaselli et al., 1997),
topsoil layers (Williams & Ortiz-Solorio, 1981) or
treatments applied on soils such as farming systems
(Quiroga et al., 1998; Silvaet al., 2001), among oth-
ers. However, in this particular case, the “individu-
als’ analyzed and compared were sections (horizons
and layers) found in the profiles of some soils
(Alfisols) that have been used for multi-crop farming
and earthenware production. In this study, a direct
comparison among soil profile sections recognized by
farmers and researchers was made. An advantage of
this approach was the possibility of demonstrating
whether (and how) farmers recognized soil variation
in depth.

For statistical purposes, the nine categories
previously defined were: horizons A (n = 7), E
(n=5), Bt (n=9) and BC (n = 4); and layers, locally
named “terra’ (earth, n = 5), “picarro” (gravelly
bleached soil, n = 3), “cabeca do barro” (clay head,
n = 4), “barro de loi¢a’ (pottery clay, n = 5), and
“pedra mole” (soft rock, n = 5). Then, a total of 47
individuals were analyzed, including 22 samples of lay-
ers and 25 samples of horizons.

Part of the chemical, physical and morphologi-
cal data used in the statistical analysis (those from
potter-farmers’ layers) were published in Alves et al.
(2005), whilst this paper brings a different data set that
represents the pedogenetic horizons of the same soils.

Linear functions (canonical roots) were esti-
mated through DCA, based on selected independent
variables data, enabling the distinction and listing of
individuals, maximizing variance among the groups
and minimizing variance within the groups (Silva et
al., 2001). The program “Statistica™ (Statsoft, 1995)
was used to perform the analysis. Based on a
combination of data from original variables, DCA
makes it possible to obtain compound variables
named canonical roots or discriminating functions.
Each canonical root consists of a linear combination
(Z2) of the independent variables (Yi), in order to
maximize the correlation between Z and Yi. The linear
combination of i variables 'Y, forming a discriminant
function Z may be represented by the following
model: Z = p,+ WY, + Y, + Y, +..+uY, . In
this model, p,, u, ... y, are canonical coefficients
estimated for the data, whilst Y, Y, ...Y, are the values
of independent variables.

In this study, a discriminant model was built
step by step using a "forward stepwise" analytical
procedure. In each step, all variables were reevaluated
and those that would contribute the most to
discriminate among the groups were detected. This
variable was then included in the model and the
procedure continued with the other variables, included
one by one, until completion. During this procedure,
the variables that did not significantly contribute to
group distinction were excluded (Statsoft, 1995).

A total of twenty-eight independent variables
were inserted in the analysis, six of them related to
morphological features, 11 to physical features and the
other 11 to chemical features of layers and horizons.
Variables with ahigh potential degree of intercorrelation
with others were excluded. Thus, values of silt and
clay were inserted, but the relation silt/clay was ex-
cluded, despite being used as a criterion to classify spe-
cific soils. In the same way, exchangeable cation val-
ues were inserted, but the sum of basic cations was
excluded, otherwise it would not be possible to per-
form the test. The problem of “constant sum” that oc-
curs, for example, with the sum of granulometric frac-
tions, was considered as well. In this case, one of the
fractions (coarse sand) was excluded, as performed
by Vasdlli et a. (1997).

Qualitative data from morphological variables
were codified into numeric values (Table 1), similar
to those described by Queiroz (1985) and Queiroz &
Norton (1992). Hue was codified from 1 (redder) to
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Table 1 - Morphological soil attributes and codes used in the discriminant canonical analysis, based on Queiroz (1985) and

Queiroz & Norton (1992).

Hue Chroma Value Texture Plasticity Stickiness
Class Code Class Code Class Code Class Code Class Code Class Code
10R 1 1 1 2 2 Sand 1 Non plastic 1 Non sticky 1

Loamy sandy, silt, . . . .
25YR 2 2 2 25 25 Sandy loam 2 Slightly plastic 2 Slightly sticky 2
SYR 3 3 3 3 3 Clay loam, loam 3 Plastic 3 Sticky 3
7.5YR 4 4 4 4 4 Sandyclay loam, silty 4 Very plastic 4 Very sticky 4
clay loam, clay loam
10YR 5 6 6 5 5 Silty clay, sandy clay, 5 L . .
clay
2.5Y 6 8 8 6 6 Very clayey (*) 6 --- ---
5Y 7 7 7 Vertic 7 --- --- ---
10Y 8 8 8 --- --- - ---

*Clay content higher than 60 g kg. This classisadmitted in Brazil (Santos et al., 2005), but not in Soil Taxonomy (Soil Survey Staff,

1999).

8 (more yellow); chroma was codified from 1 (lower
intensity of hue) to 8 (higher intensity of hue); value
was codified from 2 (higher contribution of black) to
8 (higher contribution of white); texture was codified
from 1 (higher influence of the sand fraction) to 7
(higher influence of clay and/or expansive mineral
fractions); plasticity and stickiness were both codified
from 1 (non plastic, non sticky) to 4 (very plastic and
very sticky). For statistical purposes, the color of the
wet samples was considered, while formal classifica-
tion was based on the color of moist and dry samples.
After thoroughly mixed with water, the samples pre-
sented uniform color, while the moist soil sometimes
had a variegated color pattern. Having a single color
for each (wet) sample made it possible to consider
color aspects (hue, chroma and value) as variables in
the statistical procedure.

RESULTS AND DISCUSSION

Soils described in places where pottery clay
was normally extracted by local potters were classi-
fied as Typic Natraqualf e Vertic Albaqualf (Soil Sur-
vey Staff, 1999), which correspond to Planossolo
Nétrico e Planossolo Héaplico in the Brazilian Soil Clas-
sification System (Embrapa, 2006), respectively
(Tables 2 to 4).

Pottery clay was normally extracted from Bt
horizons (Alves, 2004; Alves et a., 2005). These ho-
rizons generally present a clayey texture. Dry samples
were extremely hard and extremely firm, while wet
samples ranged from sticky to very sticky and, from
plastic to very plastic (Tables 2 to 4). Brownish col-
ors were predominant with the exception of profile 3
(with vertic properties), where grayish colors were
prevalent. From a chemical viewpoint the hyper-

eutrophic feature was remarkable, as well as the rela-
tively high sodium saturation levels in the exchange
sites (from 7 to 25%).

Local slope ranged between 4% (3“ profile)
and 24% (5" profile). Natraqualfs and Albaqualfs are
most commonly associated to plain and gently undu-
lated relief, but may occur in sites with relatively high
slope in the Brazilian Northeast (Sampaio et a., 1976)
and in other regions (Faivre, 1977). Sodium-affected
Argids locally named “barro de louga’ (pottery clay,
in reference to the Bt horizon) occur in the Acarall
River Valley (Ceara State), under a large slope range,
not being restricted only to low slope sites near streams
and rivers (Queiroz, 1985).

Discriminant-Canonical Analysis

The canonical roots analysis contributed to dis-
tinguish local and formal categories (layers and hori-
zons, respectively) related to the soils under study
(Wilk’s lambda = 0.00001 and P < 0.0001) (Table 5).
In this case, lower partial lambda values indicated
higher contribution of the respective variables for
group distinction. Therefore, the variable contributing
the most was depth, followed by extractable phospho-
rus, pH in Imol L™ KC1, chroma, gravel content and
electrolytic conductivity. Because depth was the most
discriminating variable, it ratified a trend going back
to the beginning of the 20™ century, when soil hori-
zons were identified mainly by their relative position
in the profile (Nikiforoff, 1931).

Judging by the distance between centroids
(Table 6) there were similarities between certain local
and formal soil categories, asfollows: “terra’ was par-
ticularly similar to the A horizons and, to a lesser de-
gree, to E horizons. On the other hand, “picarro” was
particularly similar to E horizons and, to a lesser de-
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Table 2 - Morphological attributes of soilsthat are used asasource of pottery clay by peasant pottersin ChadaPia, Paraiba,

Brazil.
Hor.! Depth (cm) Color? Texture Structure Consistence Boundary
Profile 1: Typic Natraqualf
Ap 0-26 Dark brown (7.5YR 3/3 m, w) Loamy sandy massive aspect,breaking to weak coarse Shghtl)./ hard, very fnabk.t, Wavy clear (23-30 cm)
angular blocky non sticky and non plastic
E 26-33 Brown (7.5YR 4/3 m, w) Loamy sand; --- vy i, ey M, o Smooth abrupt
) ? Yy y sticky and non plastic P
R Dark brown (7.5YR 3/2 m, w); many medium strong coarse prismatic mixed with Extremely hard, extremely i ~
2Bn 33-51 prominent dark red mottles (2.5 YR 3/6 m) Clay strong coarse angular blocky firm, sticky and very plastic Wavy abrupt (13-25¢m)
Brown (10YR 4/3 m), olive brown (2.5 Y 4/3 w); .
o 3 Micaceous sandy . . . Extremely hard, extremely
2BCn 51-73 many coarse distinct strong brown mottles, with a strong medium prismatic y L Wavy clear (17-33cm)
. clay firm, sticky and plastic;
micaceous aspect (7.5 YR 5/6 m)
2Cr 73-90+ --- - - - -
Profile 2: Typic Natraqualf
massive aspect, breaking to weak sliohtly hard. very friable. non
Ap 0-35 Dark brown (7.5 YR 3/3 m; 7.5YR 3/2 w). Sandy loam coarse angular and subangular blocky SIEHy fard, very Inabe, mon - gmooth clear
. . sticky and non plastic
and coarse prismatic
E 35-51 Brown (10YR 4/3 m, w). Loamy sandy Massive Gty breakl_ng to. il sll.ghtly EGdl, VeIl fr¥able, "M Smooth abrupt
medium and coarse prismatic sticky and non plastic
. Extremely hard, extremely
Brown (10YR 4/3 m, w); common medium . . L
2Btn, 51-62 prominent red mottles (10R 4/3 m) Clay strong coarse prismatic g;;rsx;i;/cry sticky and very ‘Wavy abrupt (06-13cm)
Variegated: brown (10YR 5/3 m), grayish brown
_ (10YR 5/2 m), dark grayish brown (10YR 4/2 m), . . . Extremely hard, extremely _
2Btn, 62-80 very dark gray (10YR 3/1 m) and red (10R 4/6 Sandy clay strong medium and coarse prismatic e, ity ) e Wavy abrupt (8-18cm)
m); yellowish brown (10YR 5/4 w)
Variegated: very dark gray (10YR 3/1 m), brown
~ (I0YR 5/3 m), strong brown (7.5YR 4/6 m), pale . . . Extremely hard, extremely R
2BCn 80-85 brown (10YR 6/3 m) and brownish yellow (10YR Sandy clay strong medium and coarse prismatic firm, sticky and plastic Wavy clear (03-05cm)
6/6 m); yellowish brown (10YR 5/4 w)
2Cr 85-95+ --- --- --- --- ---
Profile 3: Vertic Albaqualf
Weak coarse angular and subangular ety v, (o,
Ap 0-12 Very dark gray (10YR 3/1 m, w). Sandy loam il ) cashnen pkgrise :]:fgtllé/ sticky and slightly Smooth abrupt
massive aspect, breaking to weak Extremely hard, friable,
A 12-20 Very dark gray (10YR 3/1 m, w). Sandy loam coarse angular blocky sl:ght.]y sticky and slightly Wavy abrupt (3-8 cm)
= plastic
2Btny 20-42  Very dark gray (10YR 3/1 m, w) Cla strong coarse prismatic bl it GECHEY e o (1505 @)
i : Y gray e Y s P firm, very sticky and plastic vy -
. § . . Extremely hard, very firm,
2Btnv, 42-71 Olive gray (5Y 4/2 m), dark gray (5Y 4/1 w) Clay strong coarse prismatic very sticky and very plastic Wavy clear (17-31 cm)
2Crnz 71-95 Olive gray (5Y 5/2 w) Silty clay e Slightly sticky and plastic Smooth abrupt
2R 95+ - - - - -
Profile 4: Typic Natraqualf
Slightly hard, very friable,
Ap 0-5 Dark brown (10YR 3/3 m, w). Sandy loam Weak medium and coarse granular slightly sticky and slightly Smooth abrupt
plastic
Massive aspect, weak very coarse iy v, gy G,
E 5-26 Dark brown (10YR 3/3 m, w). Sandy loam Jaminar 15 Y slightly sticky and slightly Smooth abrupt
plastic
Dark yellowish brown (10YR 4/4 m), brown Extremely hard, extremely
2Btn, 26-38 (10YR 5/3 w); many medium faint very dark Gravely clay Strong coarse angular blocky firm, very sticky and very Smooth clear
grayish brown mottles (10YR 3/2 m). plastic
Dark yellowish brown (10YR 4/4 m), yellowish Extremely hard, extremely
2Btn, 38-52 brown (10YR 5/4 w), common coarse distinct very Clay Strong coarse angular blocky firm, very sticky and very Wavy clear (14-27cm)
dark grayish brown mottles (10YR 3/2 m) plastic
Variegated: brown (10YR 4/3 m), yellowish brown Extremely hard. very friable
2BCnz 52-105+ (10YR 5/6, m) and very dark gray (10YR 3/1 m); Clay Weak medium prismatic stick. an?:l’ ver ’ las)t,ic ’
yellowish brown (10YR 5/4 w). Y yP
Profile 5: Typic Natraqualf
Very dark grayish brown (10YR 3/2 m), dark Slightly hard, very friable,
Ap, 0-5 brown (10YR 3/3 w). Loamy sandy Weak coarse and very coarse granular non sticky and non plastic Smooth clear
Massive breaking to weak medium Slightly hard, friable, non
Ap, =2l e (o (VAR S8 o, Bty Mo prismatic and coarse angular blocky sticky and non plastic Shmetia el
E 21-38 Yellowish brown (L0YR 5/4 m), brown (10YR 5/3 Loamy sandy Single grained with some prismatic clods Lgosc, very friable, on Smooth clear
! w). sticky and non plastic
E 38-43 Brown (10YR 5/3 m, w). Sandy loam Massive breaking to blocky E).(tremely Ll ﬁ'lal?le, "M Smooth abrupt
E sticky and non plastic
Variegated: dark yellowish brown (10YR 4/6 m), Strong coarse prismatic and coarse Extremely hard, extremely
2Btn, 43-59 and dark grayish brown (10YR 4/2 m); dark Clay an ulagr block P firm, very sticky and very Wavy clear (14-20 cm)
yellowish brown (10YR 4/4 w). s Y plastic
Dark yellowish brown (10YR 4/6 m), yellowish . . .
2B, 59-81  brown (10YR 5/4 w); few medium distinct dark  Clay f;;"r‘gf :‘fd‘l‘:f;‘;‘;f"”“ pronetclend Ef;:"::ly ;‘::ﬁ :’:f"}:lsyﬁc Wavy clear (19-26 cm)
grayish brown mottles (10YR 4/2 m) ey o b VERy Y/ P
Variegated: red (10R 4/8 m), yellowish brown Partly massive. partly moderate coarse Extremely hard, extremely
2BCn 81-92+  (10YR 5/8, m) and brown (7.5 YR 4/2 m); Clay ¥y massive, partly r h : firm, very sticky and very

yellowish brown (10YR 5/4 w).

blocky

Horizons; 2Samples used in soil color determination: m = moist; w = wet.
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Table 3 - Physical attributes of soilsthat are used asasource of pottery clay by peasant pottersin ChadaPia, Paraiba, Brazil.

. Rock fragments Fine earth fraction 1 il Density .
Horizons Cobbles Peebles c;a;r;e :a“;fl Silt Clay WPEEEDT cay Bulk Particle Porosity
20- 2- 0.2- 0.02- 0.002- < 0.002
200 mm 20 mm 2mm 02mm 0.02 mm mm
mmmm O mmme e gkgl-mm % et - %
Profile 1: Typic Natraqualf
Ap 0 3 332 443 116 109 25 77  1.06 1.54 2.67 42
E 19 28 353 412 156 79 25 68 1.97 1.65 2.65 38
2Btn 0 3 196 207 105 492 447 9 021 1.83 274 33
2BCn 0 1 236 249 140 375 318 15 037 1.81 2.78 35
2Cr --- --- --- --- --- --- e --- --- ---
Profile 2: Typic Natraqualf
Ap 2 0 402 369 111 118 25 79 094 1.56 2.64 41
E 30 2 405 375 129 91 38 58 142 1.72 2.65 35
2Btn, 0 7 236 152 69 543 493 9 0.13 1.85 2.67 31
2Btn, 7 247 194 99 460 418 9 0.22 192 273 30
2BCn 4 242 243 135 380 345 9 036 191 2.79 31
2Cr --- --- --- --- --- --- e --- --- ---
Profile 3: Vertic Albaqualf
Ap 0 4 269 377 246 108 64 41 228 1.67 2.78 40
A 0 2 257 392 236 125 77 38 1.89 1.71 2.77 38
2Btnv, 0 3 295 210 148 347 279 20 043 1.87 2.72 31
2Btnv, 0 2 208 180 146 466 407 13 031 1.88 2.72 31
2Crnz 0 0 88 279 296 337 221 34 0.88 1.70 2.96 43
2R --- --- --- --- TR ---
Profile 4: Typic Natraqualf
Ap 3 0 386 330 154 130 76 42 1.18 1.45 2.62 45
E 11 3 303 369 164 164 101 38 1.00 1.61 2.64 39
2Btn, 18 12 198 167 114 521 453 13 0.22 1.76 2.73 35
2Btn, 6 0 149 168 118 565 470 17 0.21 1.78 2.68 34
2BCnz 13 1 293 205 163 339 305 10 0.48 1.78 2.75 35
Profile 5: Typic Natraqualf
Ap, 0 4 343 433 162 62 13 79 2.61 133 2.65 50
Ap, 10 4 284 462 152 102 25 76 149 1.59 2.66 40
E, 27 28 322 438 168 72 25 65 233 1.71 2.66 36
E, 14 13 293 414 195 98 51 48 1.99 1.79 2.65 32
2Btn, 0 1 106 185 120 589 521 12 0.20 1.64 2.72 40
2Btn, 0 0 124 215 159 502 392 22 0.32 1.70 2.69 37
2BCn 0 1 167 295 154 384 318 17  0.40 1.79 2.66 33

WDC = water-dispersed clay; 2FD = flocculation degree.

gree, to A horizons. “Cabeca do barro” and “barro de
loica” were similar to each other and also to the B ho-
rizons. “Pedra mole” was similar to BC horizons, but
the respective centroids were not as close in this
particular comparison as in the other ones. The most
remarkabl e differences were obtained when comparing
surface-or-elluvial categories (A, E, “terra’ and

“picarro”) with subsurface-or-illuvial categories (B, BC
“cabecado barro”, “barro de loiga” and “pedra mole”).
Therefore, the “individuals’ under study were divided
in two groups (Figure 1) as related to their position in
the profile: an upper group formed by surface-and-
elluvial categories, and a lower one formed by
subsurface-and-illuvial categories.
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Table 4 - Chemical attributes of soils that are used as a source of pottery clay by peasant potters in Cha da Pia, Paraiba,

Brazil.
Hor.! pH (1:2.5) Sorptive complex
H,0 KCFP Ca>* Mg>* Na* K~ S3 AP+ H* CEC* Vs m® ESP7 OCS3 EC’ P
—————————————————— mmol, dm ----ceeeeeeaon % gkg! dSm' mgdm!
Profile 1: Typic Natraqualf
Ap 5.7 3.9 17 14 09 0.8 33 1 34 68 48 3 1 4.85 0.2 3
E 6.4 4.2 13 14 29 0.2 30 0 20 50 60 0 6 2.13 0.4
2Btn 6.0 3.8 44 122 309 0.5 197 1 34 232 85 0 13 4.32 0.9 4
2BCn 6.4 4.3 30 108 32.6 0.7 171 0 28 199 86 0 16 2.31 2.8 64
2Cr .- - --- --- --- --- - - --- --- .- e - --- --- ---
Profile 2: Typic Natraqualf
Ap 6.3 5.2 25 10 24 0.6 38 0 26 64 59 0 4 2.55 0.2 1
E 7.4 4.9 9 16 4.1 0.2 29 0 9 38 77 0 11 0.36 0.3 2
2Btn, 7.0 4.7 42 98 47.1 0.2 187 0 24 211 89 0 22 1.88 1.5 1
2Btn, 6.8 4.4 42 110 56.9 0.4 209 0 22 231 91 0 25 0.73 1.7 2
2BCn 6.8 5.6 44 118 49.6 0.6 212 0 19 231 92 0 21 0.97 1.7 15
2Cr .- - --- --- --- --- - - --- --- R --- --- ---
Profile 3: Vertic Albaqualf
Ap 6.5 5.5 46 31 25 1.1 81 0 16 97 83 0 3 8.97 0.6 2
A 6.6 5.5 40 34 29 04 77 0 12 89 87 O 3 7.07 0.7 1
2Btvn, 7.4 5.8 82 113 14.6 0.2 210 0 5 215 98 0 7 5.35 1.1 1
2Btnv, 7.8 6.6 90 151 348 0.3 276 0 0 276 100 0 13 3.56 2.2 1
2Crmz 8.6 7.7 140 265 61.7 0.2 467 0 0 467 100 0 13 2.67 5.5 3
2R --- - - --- T ---
Profile 4. Typic Natraqualf
Ap 5.9 4.7 26 18 2.1 45 51 0 38 89 57 0 2 12.06 0.5 2
E 6.1 4.3 20 30 3.0 1.2 54 2 24 80 68 4 6.12 0.4 1
2Btn, 6.6 4.5 36 133 247 04 194 0 20 214 91 0 12 5.64 1.5 1
2Btn, 7.0 4.9 32 155 39.8 0.3 227 0 10 237 9% 0 17 4.16 1.7 1
2BCnz 7.0 5.2 24 162 684 0.5 255 0 1 256 100 0 27 2.32 4.4 1
Profile 5: Typic Natraqualf
Ap' 6.2 55 28 11 0.8 3.1 43 0 16 59 73 0 1 9.09 0.2 2
Ap, 6.0 4.4 18 8 09 14 28 2 23 53 53 17 2 493 0.1 1
En, 6.3 4.3 10 13 23 04 26 2 9 37 69 7 6 2.38 0.2 1
En, 6.2 4.2 10 22 29 04 35 2 10 47 75 5 6 2.55 0.3 1
2Btn, 6.2 4.3 34 119 255 0.3 179 2 22 203 88 1 13 4.51 0.8 1
2Btn, 5.7 42 26 101 27.2 0.2 154 2 15 171 90 1 16 3.39 0.1 1
2BCn 5.6 4.2 20 84 264 0.2 131 1 16 148 88 1 18 2.38 1.9 1

Horizons; 21 mol L-*K Cl; 3S=sum of basic cations; “CEC = cation exchange capacity; 5V = base saturation; ®m = exchangeable aluminium
percentage; "ESP = exchangeabl e sodium percentage; 8OC = organic carbon; °EC = electrolytic conductivity.

Three canonical roots were significant
(P < 0.01). Nevertheless, the following discussion is
based on the first two roots, disregarding the others
(Table 7), since the first canonical root explained most
of the variation (68%), while the second root added
22% resulting in an accumulated total of 90%.
Canonical correlation R was very high for the first two
roots, demonstrating the high degree of correlation

between these two roots and the other variables.
Averages of each category in the multivariate space that
was defined by these two main canonical roots (Figure
1) were useful to indicate those groups that were dis-
tinguished by a root. The first root made distinctions
between the categories situated in the upper positions
of the profile (“terra’, “picarro”, A and E) and the

lower ones (“cabega do barro”, “barro deloica’, “pedra
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mole’, Bt and BC). The second root, on the other hand,
enabled a distinction between the categories more in-
fluenced by the proximity of the parent material (“pedra
mole” and BC) from the others.

Structural coefficients (Table 8) expressed cor-
relations between the variables in the model and the
discriminant functions, making it possible to assign
meaning to the discriminant functions (roots). In the
first root, negative values of the following variables are
outstanding: water-dispersed clay, soil texture, total
clay, exchangeable magnesium, stickiness, plasticity,
depth, and exchangeable sodium. In the second root,
positive values obtained for soil depth, electrolytic con-
ductivity, extractable phosphorus and exchangeable
sodium were outstanding.

Through the trend revealed in the first root, it
was seen that the categories with lower position (“barro

deloica’, “cabecado barro”, “pedramole’, Bt and, BC)
stood out from the upper ones, the first ones having
higher values for the variables previously depicted in
table 8 (water-dispersed clay, texture, total clay, ex-
changeable magnesium, stickiness, plasticity, depth and
exchangeable sodium). Similarly, it was demonstrated
through the second root that “ pedra mole” and BC were
similar within themselves and distinguished from the
other categories, since they showed higher values for
the variables previously cited (depth, electrolytic con-
ductivity, extractable phosphorus and exchangeable
sodium).

This comparison between formal and local soil
categories made it possible to accept the hypothesis
of morphological, physical and chemical similarities
between the layers recognized by potter-farmers and
the pedogenetical horizons from which these materi-

Table5 - Variablesincluded and excluded from the model, with respective lambda, F, and P values.

Variable Partial Lambda F (8. 17) P

Water-dispersed clay (g kg!)
Depth (cm)

Exchangeable Mg (mmol  dm)
Pebbles (%)

Cobbles (%)

Electrolytic conductivity (dS m™)
Fine sand (g kg')

Texture

Silt (g kg!)

Stickiness

Exchangeable Al (mmol dm)
pH in H,0

Extractable P (mg dm)

pH in KC11 mol L!

Hue (from color)

Total clay (g kg™!)

Particle density (t m®)

Chroma (from color)

Plasticity

Exchangeable Ca (mmol dm™)
Exchangeable Na (mmol dm)
Value (from color)
'Exchangeable K (mmol_ dm™)
'"Exchangeable H (mmol dmr?)
'Organic C (g kg")
'"Flocculation degree (%)

'Bulk density (t nr?)

'"Porosity (%)

0.57 1.59 0.20
0.20 8.28 0.00
0.46 2.54 0.05
0.38 3.54 0.01
0.41 3.05 0.03
0.38 3.47 0.01
0.40 3.17 0.02
0.46 2.49 0.05
0.43 2.79 0.04
0.58 1.51 0.23
0.50 2.13 0.09
0.41 3.12 0.02
0.31 4.68 0.00
0.32 4.49 0.00
0.42 2.99 0.03
0.62 1.33 0.29
0.47 2.43 0.06
0.35 3.87 0.01
0.42 2.93 0.03
0.58 1.54 0.22
0.53 1.87 0.13
0.61 1.38 0.27
0.74 0.71 0.68
0.74 0.70 0.69
0.79 0.52 0.82
0.74 0.70 0.69
0.84 03.9 0.91
0.85 0.36 0.93

lvariables excluded from the model.
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Figure 1 - Graphic representation of canonical roots, showing the distribution of soil horizons (formal categories) and layers (local
categories) inamultivariate space. “ Terra’ (earth), “picarro” (gravelly bleached soil), “barro deloiga’ (pottery clay), “ pedra
mole” (soft rock), and “cabeca do barro” (clay head) are layers recognized by potter-farmers. A, E, B, BC and C are
pedogenetic horizons of the same soils.

Table 6 - Square Mahalanobis distance.

"Barrode "Pedra  "Cabecga do

"Terra" "Picarro" A horizon E horizon B horizon BC horizon loica" Mole" barro"
"Terra"! 0.00 --- --- --- --- --- --- --- -—-
"Pigarro" 105.03 0.00 --- --- --- --- --- --- ---
A horizon 19.53 133.44 0.00 --- --- --- --- --- ---
E horizon 90.33 49.40 126.07 0.00 --- --- --- --- ---
B horizon 551.43 392.93 611.63 393.31 0.00 --- --- --- ---
BC horizon 578.02 404.55 529.48 392.16 322.95 0.00 --- --- ---
"Barro de loi¢a" 563.44 413.26 614.86 426.05 8.6769 306.43 0.00 --- ---
"Pedra mole™ 487.81 290.21 484.81 290.99 266.12 82.16 276.39 0.00 ---
"Cabeca do barro™ 470.61 351.34  535.21 364.55 18.78 361.51 20.61 305.52 0.00

*earth; 2gravelly bleached soil; ®pottery clay; “soft rock; °clay head.

Table 7 - Significance indexesfor the canonical roots.

Explained variance

e
o
o
-

Eigen value Canonical R Wilk's Lambda Significance (P)

(cummulative)
1 99.26 1.00 0.00 0.00 0.68
2 32.84 0.99 0.00 0.00 0.90
3 8.51 0.95 0.00 0.00 0.96
4 2.85 0.86 0.03 0.22 0.98
5 1.98 0.82 0.12 0.74 0.99
6 0.70 0.64 0.37 0.99 1.00
7 0.36 0.52 0.62 1.00 1.00
8 0.18 0.39 0.85 0.99 1.00
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Table 8 - Indexes of correlation between the variables and
the canonical roots.

Variable Root 1 Root 2
Water-dispersed clay (g kg™') -0.30 -0.08
Depth (cm) -0.16 0.23
Exchangeable Mg (cmol_ dm™) -0.24 0.05
Pebbles (%) 0.04 -0.01
Cobbles (%) 0.04 0.00
Electrolytic conductivity (dS m") -0.09 0.16
Fine sand (g kg!) 0.25 0.04
Texture -0.27  -0.03
Silt (g kg") 0.05 0.02
Stickiness -0.23  -0.02
Exchangeable Al (cmol, dm?) 0.01 -0.01
pH in HO -0.04 0.02
Extractable P (mg dm) -0.01 0.11
pH in KC1 -0.01 0.01
Hue -0.04 0.06
Clay (g kg'") -0.26  -0.08
Particle density (t m®) -0.05 0.08
Chroma -0.03 0.05
Plasticity -0.20 -0.02
Exchangeable Ca (cmol dm™) -0.05 -0.03
Exchangeable Na (cmol dm™) -0.15 0.11
Value (from color) -0.09 0.06

asarenormally collected. On the other hand, the evi-
dent distinction among categories located in upper and
lower positions of the soil profile was coherent with
certain characteristics of Albagualfs and Natraqualfs,
such as the high textural gradient and the abrupt tran-
sition from horizons A or E to the underlying Bt. The
difficulty in distinguishing between “barro de loica’ and
“cabeca do barro”, through the chosen statistical pro-
cedure seemed to be related to field situations, since
the potters not always reject the materials from the top
of Bt (“cabeca do barro”) when they collected the clay
for pottery.

Researchers with formal pedological training
might also have doubts and divergences, on the field,
related to a possible subdivision of the Bt horizon in
sub-horizons, when studying Albaqualfs and
Natraqualfs, and might depend on laboratory analysis
and further evaluations to define the horizons or
subhorizons to be accepted in each case. Sometimes
it was possible to visualize a strong darkness in the
external face of the aggregates, on the top of Bt
(“ cabeca do barro”), but the structure could be formed
by blocks or prisms comprehending all of this hori-
zon extension, making a subdivision unfeasible.

Williams & Ortiz-Solorio (1981) obtained alow
degree of correspondence between soil categories rec-
ognized by farmers and researchers, mainly because
in that situation, the local classification was based on
the features of a bi-dimensional taxonomic unit (till-
able topsail), rather than a three-dimensional one (soil
profile). Nevertheless, their data demonstrated that lo-
cal categories reflected discontinuities on the soil sur-
face, which originated measurable and statistically vaid
categories. Queiroz & Norton (1992) demonstrated that
the cluster arrangement of soils from the Acarall Valley
(Ceard State), based on morphological data from for-
mal soil surveys, was strongly coincident with the soil
categories indicated by peasants, athough there were
many differencesin nomenclature between the two data
sets. Further analysis demonstrated that these clusters
differed among themselves in relation to water holding
capacity and pH. As a conseguence, the local classifi-
cation was considered to be valid for distinguishing soils
as related to non-morphological characteristics as well.
For each soil profile, Queiroz & Norton (1992) inserted
morphological data of two horizons (a surface and a
subsurface one), so that the “individuas’ that they sub-
mitted to the clustering test were “soils’, each of them
represented by a pair of horizons.

The practical applications and epistemological
implications of statistically analyzing data from local
categories of soils, attempting to validate local knowl-
edge through laboratorial analysis, have been submit-
ted to divergent interpretations and criticism. Thus,
Winkler-Prins (1999) evaluated the quest of a “sci-
entific rationale” underlying local soil knowledge. Her
understanding is that these studies aiming at validat-
ing local knowledge through formal procedures have
the merit of clearly demonstrating that this knowl-
edge can be “scientifically valid” and that consulting
with local people is a beneficial activity for
development practitioners. On the other hand, she
emphasized that some validation attempts could
presume “that scientific knowledge is superior to
local knowledge, and that the later needs to be proven
in order to be used by scientists”. This would be
contradictory with the idea that local knowledge has
itsintrinsic value.

Considering these restrictions, statistical and
laboratorial studies not only pursue the validation of
local knowledge, but also represent opportunities for
the emergence of an integrating language, attempting
to reduce the distance separating local knowledge from
that one practiced and accepted in the academy. These
studies may, within certain contexts, revalidate and
feedback on the knowledge and practices of people
conducting formal scientific research, reconnecting
them with the peasant’s experience.
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