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Apresentacao

O trabalho a seguir da continuidade a pesqtiselucéo pedo-morfolégica de uma bacia de
aguas escuras e dindmica das suas matérias organicas no decorrer desta evaho@ioloBAlto
Rio NegroAM”, realizada no curso de mestrado do programa de Pds Graduagdo em Geografia na
Universidade Estadual Paulista “Julio de Mesquita Filho” (Unesp), no campus de Rio Claro. Tal
estudo mostrou que a evolucao e a distribuicdo das matérias organisaksgake uma microbacia
de aguas pretas, localizada nas proximidades do municipio de Sdo Gal&thoeira-AM, em
interflvio entre 0 Rio Negro com o rio Curicuriari, estdo relacionadas sendavimento e a
evolucdo da podzolizacdo e a instalagcdo da drenagem. O modelo de ewhbpfiado permitiu
inferir que a paisagem podzolizada € multitemporal e estd em eqguitibnh as condicdes
pedocliméticas atuais, o que torna possivel a manutencdo das acqamdasehicrobacias, caso este

equilibrio ndo seja interrompido.

Tais resultados representam um avango no sentido de compreender a ev@lngioEncao
das &aguas pretas nas microbacias da Amazbnia, bem como acrescestarTmmdado ao
conhecimento do ciclo do carbono, seu sequestro e liberacdo, na bacia do AltegRio Para
aprofundar o conhecimento sobre as matérias organicas dos solos podzolizadosalekaaia
teve-se como proposta o estudo das fraces de acidos fulvicos e acidas hpaneccompreender
comportamento de cada uma nos pedo-ambientes podzolizados. A partir aldsseineento

contribuir com informacdes para se compreender o equilibrio do ambiente podzolizado.

Neste presente trabalho apresenta-se: 1) um modelo de evolucdo padoigégica da
micro-bacia em estudo; 2) a investigacdo das substancias hawoscaslos podzolizados da bacia
do Alto Rio Negro a partir da utilizacdo dos métodos espectroscopicasiotuito de identificar as
caracteristicas de condensacao e aromaticidade dos AF ed8htifidar os grupos funcionais destas
SH nas matérias organicas dos solos podzolizados da microbacia iev@st@yacdo sobre a
capacidade de complexacio das SH, cofi €A™ em amostras de solos podzolizados, através da
analise do quenching de matriz de fluorescénciade excitacdo eeeunssatamento com o modelo
CP/PARAFAC.



Présentation

Le travail suivant fait suite au travail de master intitti€olucao pedo-morfologica de uma bacia de
aguas escuras e dinAmica das suas matérias organicas no decorrer desta evoluckioABa¢tio
NegroAM”, du cycle d'études supérieures en geographie de Universidade EB@disih "Julio
de Mesquita Filho" (Unesp). Cette étude a montré que I'évolution répsatition de la matiére
organigue a partir des saldin micro bassin d'eau noire, situé pres de la municipalité de Sdo Gabriel

da Cachoeira-AM, entre Rio Negro et Curicuriari, est liée au développetéévolution de la
podzolisation et a l'installation d’un drainage. Le mode¢le d'évolution élaboré a permis de déduire que

le paysage podzoliques est multitemporel et est en équilibreles/eonditions pédo climatiques
actuelles, ce qui permet le maintien des eaux noires des micro, lESsette équilibre n'est pas
interrompue.

Ces résultats représentent un pas en avant dans la compréhension detiéiotlit maintien des
eaux noires dans les micbassins amazoniens, ainsi que 1’apport d'une information supplémentaire
sur le cycle du carbone, sa séquestration et sa libération, danssie Bo Rio Negro. Afin
d'approfondir la connaissance de la matiére organique des sols podzoliqeiesicle bassin, I'étude
des fractions acide fulvique et acide humique a été proposée afimede comprendre leur
comportement dans les environnements podzolisées. Ces connaissances fodesisstmmations
permettant de comprendre I'équilibre de ces environnements podzoliques.

Ainsi dans ce travail, est exposé dans le détail: 1) un modele d'évolution pédo-géongoypkalu
micro bassin étudié; 2) I'é¢tude des substances humiques extraites ols padzassin du Haut Rio
Negro a I’aide de méthodes spectroscopiques (UV-Vis, IR) afin d'identifier i) les caractéristiques de
condensation et d'aromatisation des acide fulvique et humique, ii) identifieolgseg fonctionnels
majoritaires de ces substances humiques. Enfin 3) I’étude de la capacité de complexation de ces
substances humiques avec €at Al*3 mesurés pangnching des matrices d’excitation et d’émission

de fluorescence traitées au moyen de l'algorithme CP/PARAFAC.



Resumo: A Amazbnia € a maior floresta tropical do mundo devido principalmensuaa
biodiversidade, e contribui por exemplo, para a dinamica do clima, sequesanbaieo e regulacéo
do ciclo de nutrientes e 4gua em escala global. Os solos presstée ecossistema possuem
significativa participacdo no balanco da agua e transporte de carbona.nbsssira, o proposito
deste estudo foi compreender a distribuicdo dos solos em uma micro-bagaageescuras, 0
comportamento das matérias organicas com o foco nas fracdes de acidos &iicidos humicos
em sistema de solos podzolizados levando em conta as caraeterikis solos e investigar a
capacidade de complexacdo das substancias himicas, ¢éne @* Para tanto foram usados
meétodos convencionais da pedologia e métodos espectroscopicos, de espegtdesabsorbancia
uv-visivel infravermelho com transformada de Fourier e fluorescéncia quencbirigpamento
CP/PARAFAC, para se atingir os objetivos: (i) determinar as etapasmsdormacado da pedo-
paisagem através do estudo dos solos e da distribuicdo espacial de solos podedjizgsinies em
micro-bacia de drenagem; (ii) caracterizar as substancias hleveoéasnder as regras de distribuicdo
de éacidos fulvicos e humicos em sequéncia de espodossolos, ao longo de oSt enoos
horizontes ao longo dos perfis dos solos levando em consideracdo as stcasteniorfologicas,
textura, pH, C total e variacdo do lencol freético; (iii) estudar acwdgie de complexacdo das
substancias humicas (acidos fulvicos e humicos) de amostras dpai#oss na Bacia do Alto Rio
Negro, através da identificacdo dos componentes fluorescentes das@abstimicas, da avaliacédo
das capacidades e constantes de complexacdo destas substancasvesmisCl?t e AR, e da
comparacdo com 0s grupos funcionais obtidos com a fluorescéncia de Infthweom
transformada de Fourier (FTIR).O resultados indicam que os solos atuaisicd#bacia
correspondem a uma segunda geracao de espodossolos que estdo superimpondsaobre gles

a distribuicdo das caracteristicas dos acidos fulvicos e hunstis relacionadas a algumas das
caracteristicas dos solos, como a textura e a variacdo @i fezdtico, consequentemente essa
distribuicdo das substancias humicas nos solos provaca diferencas naaoécomplexacao dos
metais entre os acidos falvicos e acidos humicos. Portanto, emboragéevid pedo-paisagem nao
tenha relacao direta com as caracteristicas das substanciaahamdiferencas geoquimicas entre
os &cidos fulvicos e &cidos humicos acompanham as transformacdesodqeestntes na micro-
bacia e sdo importantes para a manutencao do equilibrio da pedo-paisagem.

Palavras-Chave:Amazoénia, Espectroscopia, Podzolizacdo, Matéria Organica, Pedo-paisagem.



Resumé:L'Amazonie est la plus grande forét tropicale du monde, principalemeatsen de sa
biodiversité et contribue par exemple, a la dynamique du climat, éafien du carbone et la
régulation du cycle des éléments nutritifs et de I'eau a I'éamelhdiale. Les sols présents dans cet
écosysteme ont une participation importante a I'équilibre dedtesutransport du carbone. Ainsi, le
but de cette étude était de comprendre la répartition des solardarisro-bassin d'eau sombre, le
comportement des matériaux organiques en mettant l'accent sur liem$rd@cide fulvique et des
acides humiques dans systeme podzolizé de sol en tenant compteadédristiques du sol et
d'étudier la capacité de complexation des substances humique€avéet AP * Pour cela,
conséquent, nous avons utilisé des méthodes classiques de pédologique reétlumtes
spectroscopiques, Infrarouge a transformée de Fourier (FTIR), absorbance illB/-eis
Fluorescence Quenching avec le traitement CP / PARAFAC pour attdewirebjectifs: (i)
déterminer les étapes de traitement de pedo -paisage a keuveesdes sols et la distribution spatiale
des sols podzolisés et du gleysol dans un bassin vdidatdractériser substances humiques et
comprendre les schémas de distribution des acides fulviens ejuasrdans une séquence de sol
podzols le long des profils et dans les horizons du sols en tenant coraptardetéristiques
morphologiques, de la texture, du pH, carbone variation total et souterrainesdamszons des sols
d'une séquence de sols podzols; (iii) étudier la capacite de catiptedes substances humiques
(acides fulviques et humiques) des échantillons de sol de podzols tassitedu Alto Rio Negro,
en identifiant les composants fluorescents des substances humiquesuant éea capacités et les
constantes complexantes de ces substances avec les @é&@t Al 3* et la comparaison avec les
groupes fonctionnels avec la fluorescence infrarouge a transformée de FoufrLES résultats
indiguent que le courant de masse du micro correspondent a une deuxieémeayépedatls qui se
superposent sur gleysols et caractéristiques de distribution desfabiideses et humiques sont liées
a une partie des caractéristiques du sol telles que la textareagiation de la nappe phréatique, de
ce fait la distribution de substances humiques dans les différencpsovbca du sol dans la
dynamique de complexation des métaux entre l'acide fulvique ededfagimique. Ainsi, alors que
I'évolution des pédo-paysage n'a pas de lien direct avec les caractéritisjsebstances humiques
différences géochimiques entre l'acide fulvique et lI'acide humiquenpagmer les transformations

des sols présents dans le micro-bassin et sont importantes pour meéofaitibre de pédo- paysage.

Mots Clés: Amazonie, Spectroscopique, Podzolization, Matiere Organique, Pedo-paysage.



Abstract: The Amazon is the largest rainforest in the world especially beadutsebiodiversity,
and for instance, it contributes to the climate dynamic’s, carbon sequestration and regulation of
nutrients and water cycle in global scale. The soils present iretlusystem have significant
participation in water balance and carbon transport. Therefore, the purpose dlidlyisssto
understand the behavior of fulvic and humic acid fractions in a podzolizedsgsiem, taking into
account soils characteristics and to investigate the compleapagity of Cu/** and Al®*. For this
purpose, conventional pedology and spectroscopic methods, Uv- Visible absorbaroesSysg
Fourier Transform Infrared Spectrometry (FTIR) and Quenching Fluorescence using the
CP/PARAFAC treatment were used to achieve the objectivesp (jJetermine the stages of
transformation of the pedo-landscape through the study of soils and thd dsatiaution of
podzolized soils and gleysol in a drainage basin; (ii) to charact8kkzend to understand the
distribution patterns of fulvic and humic acids in a podzolized soil sequence along a slope and in th
horizons along the soil profiles taking into account the morphological chasticte texture, pH,
carbon total and groundwater variation in the horizons of the soils of a segiipodzols soils; (iii)

to study the complexing capacity of humic substances (fulvic and huius) af podzol soils
samples in the Alto Rio Negro Basin, by identifying the fluorescemponents of humic substances,
evaluating capacities and complexing constants of these substances with?ren@wl®* metals,
and the comparison with the functional groups obtained with FTIR. Thegdésditate that the
current soils of the micro-basin correspond to a second generation of podzohagodre
superimposing gleysols, and that its distribution characteristics of fhd humic acids are related
to some of the soils characteristics, such as texture and variattenwéter table, consequently this
distribution of the humic substances in the soils causes differencesrietidie complexing dynamics
amag fulvic and humic acids. Therefore, although the evolution of the soil$epeo straight
connection with the characteristics of the humic substances agddbkemical differences among
fulvic and humic acids follow the soils transformations present imibe-basin and are important

to the maintenance of the soilscape balance.

Keywords: Amazon Spectroscopic, Podzolization, Organic Matter, Pedo-landscape
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Introducéo

A matéria organica do solo (MOS) é o resultado de uma mistura congeesesiduos
organicos (animais e vegetais) de diferentes naturezas e em dseestégios de decomposicéo
(STEVENSON, 1994). Dependendo do seu estagio de decomposicédo as MOSqradassificadas

em: liteira, substancias nao-haimicas e substancias humicas (SH) (STEMENEAE).

As SH sdo moléculas polidispersas formadas a partir de reactgsagué bioquimicas
durante o processo de decaimento e de transformacdo das matériasagrgiic processo de
humificacao, originadas a partir das plantas e organismos que sanais aos solos (MUSCOLO;
SIDARI; NARDI, 2013). De acordo com o seu grau de solubilidade podem ser divedida@sidos
falvicos, acidos humicos e humina. Conhecer o comportamento das SH no ambilehdgipe
auxilia na compreenséo da dinamica da MOS, uma vez que desempepéisnmportantes no

ambiente, atuando tanto nas propriedades quimicas como fisicas dos solos.

Em alguns tipos de solos, a matéria organica (MO) dissolvida dizadhi e pode se
precipitar em profundidade (BUURMAN; JONGMANS, 2005), como no caso dos podzéis. As
principais caracteristicas dos podzoéis sdo a presenca de um horizorgke (E)ljwcom teores de
céations basicos, Al, Fe e material organico, em baixa quantidaden i na forma de quartzo
residual em grande quantidade, e logo abaixo deste E, um horizonte(B)yveriquecido em Al,

Fe e material organico (BUURMAN; JONGMANS, 2005; LUNDSTROMAN BREEMEN;
BAIN, 2000).

Estima-se que exam cerca de 485 milhdes de hectares de podzois no mundo (LEGROS,
2012), que foram descritos principalmente em regides boreais ou frias do(IgllWDSTROM;
VAN BREEMEN; BAIN, 2000). Todavia, a partir de 1950, este tipo de solo foi relatado €msegi
tropicais (Costa do Marfim) (LENEUF; OCHS, 1958p Estado do Amazonas Klinge (1965) foi o
pioneiro na descricdo dos podzéis. Posteriormente, diversos autores mosti@@sse na
compreensdo da superimposi¢cdo dos solos podzolizados sobre os Oxisolos,de pinentes
perspectivas pedo-geoquimicas (BRAVARD; RIGHI, 1990; BUENO, 2009; FRITEGH, 2002,
2011; LUCAS et al., 1988).

A superimposic¢ao dos solos podzolizados sobre os Oxisolos ocorre déaidees coma@

acumulacdo de espécies organo-metélicas em meio redutor e aciRbDYBAt al., 2011,
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BRAVARD; RIGHI, 1990; BUENO, 2009; FRITSCH et al., 2009; LUCAS et al., 1988)nvolve
mudancas na dinamica da MOS (BRAVARD; RIGHI, 1991). No entanto, compreender talcdinami
pode contribuir no entendimento da podzolizagdo em meio equatorial emaandéamica do
carbono (C) no ambiente pedoldgico. Para atingir tal entendimento séeanesea realizacdo de

estudos em diferentes perspectivas, entre elas, a analise das SH.

Dessa maneira, o presente trabalho objetiva a investigac&bagas de transformacéo da
pedo-paisagem e da andlise das substancias humicas dos solos mdzokzama micro-bacia
localizada na bacia do Alto Rio Negro a partir da utilizacdo dos méespestroscopicos com o

intuito de compreender as fun¢des das diferentes fracdes das matérias organicas.

No primeiro capitulo foi apresentada uma breve revisdo bibliografica ssbtemas
abordados no trabalho: os solos da bacia Amazoénica, o processo de podzoliaacidarecas

espectroscopicas.

O segundo capitulo intitulado “Distribution of soils in a small catchment in the upper Negro
River basin - Brazilian Amazonia and the steps of transformation of a patkpkeolandscape”
tem como objetivo examinar a distribuicdo espacial e as caréiceexide solos podzolizados e

gleisolos, na escala da microbacia e apresentar as etapas de transformacapaiaaupzto.

No terceiro capitulo, “Characterization and distribution of humics substance of a podzolized soils
system in Upper Rio NegrAM”, o objetivo é caracterizar a distribuicdo dos acidos fulvicos e

hamicos através de analises espectroscopicas de UV-Visible e FTIR.

No quarto capitulo, “Constante de Estabilidade (K) condicional e constante da capacidade de
complexacao para Cu(ll) e Al(lll) em amostras de acidos fulvicos e humicos de soloszpddzoli
da bacia do Alto Rio NegraM, Brasil ”, o objetivo foi identificar as componentes fluorescentes
presentes nas substancias humicas dos solos podzolizados da microbali@a es constantes de
estabilidade condicional (K) e a capacidade de ligacdo (CC) das compopeesentes nos acidos
falvicos e himicos, com a adicdo dos metaid*@uAl **, e comparar com os grupos funcionais

obtidos com a FTIR.

Nos anexos os dados dos extratos de acidos fulvicos e acidos humicosodosstm

acessiveis para consulta.
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Introduction

La matiere organique du sol (MOS) est le résultat d'un mélamgplexe de résidus
organiques (animaux et plantes) de natures différentes et a différedes s décomposition
(STEVENSON, 1994). En fonction de leur stade de décomposition, la MOStpeatassée comme:
litiere, substances non humiques et substances humiques (SH) (STEVENSON, 1994).

Les SH sont des molécules polydisperses formées a partiradgomé chimiques et
biochimiques lors du processus de dégradation et de transformation de te orgaéique par le
procédé d'humification, provenant des plantes et des organismes ajoutéssa(MUSCOLO;
SIDARI; NARDI, 2013). Selon leur degré de solubilité, on peut les digiseacides fulviques (AF),
acides humiques (AH) et humine (HU). Connaitre le comportement SH damgohinement
pédologique contribue a comprendre la dynamique de la MOS, car ellesyouélg important dans

I'environnement, agissant a la fois sur les propriétés chimiques et physiquels.des s

Dans certains types de sols, la matiere organique dissoute (N@)obgisée et peut
précipiter en profondeur (BUURMAN, JONGMANS, 2005), comme dans le cas des pad=ols.
principales caractéristiques des podzols sont la présence d'un horizoh(Eywig couleur grise,
avec des teneurs en cations basiques, Al, Fe et matiéres orgamdaéseauantité, et avec Si sous
forme de quartz résiduel en grande quantité, et (B), enrichi en Al, Featerenorganique
(BUURMAN; JONGMANS, 2005; LUNDSTROM; VAN BREEMEN; BAIN, 2000).

On estime qu'il y a environ 485 millions d'hectares de podzols dansnde (LEGROS,
2012), qui ont été décrits principalement dans les régions boréales ou froidelwbdu g
(LUNDSTROM; VAN BREEMEN; BAIN, 2000). Cependant, depuis 1950, ce type de i€
également signalé dans les régions tropicales (Céte d'lvoire) (LENECHS, 1956). Dans la région
amazonienne, Klinge (1965) a été le pionnier de la description des pdeola. suite, plusieurs
auteurs se sont intéressés a la compréhension du chevauchement des sols pakzfdsralgdls, a
partir de différentes perspectives pédo-géochimiques (BRAVARD; RIBG30; BUENO, 2009;
FRITSCH et al., 2002, 2011; LUCAS et al. 1988).

Le chevauchement des sols podzols sur les ferralsols se produit en raison de factgus tels
'accumulation d'espéces organométalliques en milieu réducteuidet (BARDY et al., 2011;
BRAVARD et al., 2011; LUCAS et al., 1988), et implique des changendanisla dynamique de la

MOS (BRAVARD; RIGHI, 1991). Ainsi, la compréhension de cette dynamique patrilouer a la
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compréhension de la podzolisation dans I'environnement équatorial et alssiyt@mique du
carbone (C) dans I'environnement pédologique. Afin de parvenir a cette comméhdnest
nécessaire de mener des études dans différentes perspectives, parmi lesdystsden&H.

De cette fagon, le présent travail vise a étudier les étpémnsformation du paysage de
grenouille et I'analyse des substances humiques des sols podzahsgsodd-bassin situé dans le
bassin Alto Rio Negro de lutilisation des méthodes spectroscopiguresieafcomprendre les
fonctions de différentes fractions de matiere organique. Afin de facilggrulelications ultérieures

dans les revues scientifiques, une partie de ce travail a été présentédamous dearticles.

Dans le premier chapitre, une breve revue bibliographique a été peesentles sujst
suivant: les sols du bassin amazonien, le processus de podzolisaties eaechniques
spectroscopiques. Par la suite, trois chapitres sont présentésfeone ld'articles: deux rédigées en

anglais et un en portugais.

Le deuxiéme chapitre intitulé “Distribution of soils in a small catchment in the upper Negro
River basin - Brazilian Amazonia and the steps of transformation of a patkpkedolandscape”
vise a examiner la répartition spatiale et les caractéristidgesols et des gleysols podzols et de

présenter les étapes de transformation pédo-paysage.

Dans le troisiéme chapitre, “Characterization and distribution of humics substance of a
podzolized soils system in Upper Rio Negk®d”, 1'objectif est de caractériser la distribution d'acides

fulvigues et humiques par des analyses spectroscopiques de UV-Visible et FTIR.

Dans le quatrieme chapitre, “Constante de Estabilidade (K) condicional e constante da
capacidade de complexacao para Cu(ll) e Al(lll) em amostras de aciosd@ humicos de solos
podzolizados da bacia do Alto Rio Negkdd, Brasil ”, 'objectif est d'identifier les composants de
fluorescence présents dans les substances humiques des podzols du mitret bhksshluer les
constantes de stabilité conditionnelle (K) et la capacité de cratjgle (CC) des composants
fluorescents présents dans les acides fulviques et humiques vis a vis du Cu (II) et de 1I’Al (III) puis

comparer avec les groupes fonctionnels observés en FTIR

Les annexes, les données des extraits d'acides fulviques e Hlatidgies des sols

sont accessibles pour consultation.
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Capitulo 1.Solos da bacia Amazénica, substancias humicas e técnicas espectroscopicas

Neste capitulo, foi realizado o levantamento bibliografico acercatemoas tratados no
trabalho. A fundamentacéo tedrica trata sobre solos presentes nos badeodpladcia do alto Rio
Negro, os Oxisolos, os Podzdis, os Acrissolos (classificacdo da Fa©gaos hidromorficos (DO
NASCIMENTO et al.,, 2004; FRITSCH et al., 2011), das matériaginitgs dos solo e das

substancias huamicas e, por fim, tratou das técnicas espectroscopicas.

1.1. Solos da bacia AmazOnica

1.1.1. Solos Podzolizados
Os podzois tem forte diferenca entre horizontes. Sao, diagnosticados gedacpr do

horizonte espddico (Bh), no qual se acumulam matéria organica e compostosnoe¢glicos e/ou
compostos inorganicos de Fe e de Al (LUNDSTROM; VAN BREEMEN; BAIRO00). Sobre os
horizontes espodicos encontram-se horizontes A e AE e o horizonte oriundoidedelyt). O
ultimo,chamado de albico, € arenoso, e nos podzéis gigantes pode ultragasfametros de
espessura (KLINGE, 1965; LUCAS et al., 199B&JBROEUCQ e VOLKOFF, 1998;).

Foram descritos principalmente em regides boreais ou frias do globo dsspcia
normalmente, a vegetacdo de taiga, ou em montanhas onde o ¢tim@ émido (FANNING;
FANNING, 1989; LEGROS, 2012), os substratos arenosos em climas frios nortealenem a
formacdo dos podzéis. Tais solos podem ocorrer em regides tropicais sob algndieSes locais
especificas (MELFI; PEDRO, 1977). No Brasil € comum ocorrerem emeettis quaternarios de
restingas, em trechos de platés litoraneos sobre sedimentos ter@aftwmdcao Barreiras e em
expressiva area na bacia do Rio Neg/M.

O termo*Podzol” ¢ utilizado em grande parte dos sistemas de classificacdo de solas, com
por exemplo, o sistema de classificagcdo da FX®@r{d Reference Base - WRBIo sistema de
classificacdo brasileiro de classificacdo de solos (SiBCS) s@mmileados de Espodossolos, em

referéncia ao horizonte espaodico.
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A podzolizacéo € o processos pedogenético que da origem a estedipo. @ mecanismo
principal na génese dos podzdis € denominado acido-complexdlise e ocombientes acidos (pH
entre 3 - 5) sob a agdo complexante dos acidos organicos, o que favoodxkzacao de ferro (Fg)
de aluminio Al) e de matéria organica (MO). Os acidos organicos formados pela decgiaomtesi
matéria organica acumulada na superficie do solo reduzem o pH iendgit®, dando inicio ao
processo de aciddlise. A acao desses acidos altera os constituinte®pdosisolos, solubilizando
Fe e Al por complexacéo e mobilizando-os (LUNDSTROM; VAN BREEMBHNIN, 2000) Seus
produtos sdo, portanto, eluviados e precipitados no horizonte Bh. O residuo destaoaéeoa
guartzo, constituinte quase que exclusivo do horizonte E, uma vez que®(Sili@& o elemento
menos sollvel neste ambiente (BUURMAN; JONGMANS, 2005; LUNDSTROKAN
BREEMEN; BAIN, 2000).

Normalmente esses solos apresentam alta acidez, baixa feetdjdanica e matéria organica
do tipo Mor (LUNDSTROM; VAN BREEMEN; BAIN, 2000). A matéria organicaaeente tem
baixa atividade biolégica e mineralizacdo menos intensa, o fle& rea acumulacdo de matéria
organica pouco transformada. Sdo pobres em argila, 0 que impede a formacaoadi®agego-
hamicos. A cobertura vegetal presente € de porte arbéreo, constituidarés de troncos finos e

curtos.

Os podzéis hidromoérficos apresentam cores menos fortes e sdo dominados pelgapres
significativa de compostos organicos de cor marrom escura. O acumulo de agua supediiezd fa
o desenvolvimento de condi¢cbes de reducdo, e, assim, a uma maior mehiléderro nessas

formacdes. Os horizontes espddicos sao quase sempre do tipo Bh ou Bhs (BUENO, 2009).

Nos podzéis bem drenados, os contrastes de cor entre 0s horizontes séo satafargsor
mineralizacdo dos compostos organicos, o que limita sua acumulagéo nos horizontes espiddicos m
profundos. Com o estabelecimento de melhores condicdes de drenagem, 0 queemcorre
determinadas épocas do ano, 0 ambiente torna-se propicio para a péecgetke, que da coloracao
vermelho-acastanhada a vermelho brilhante para os horizontes espédiessdks (Bs) (BUENO,
2009).
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Os podzoéis amazbnicos sdo encontrados sobre os baixos platés e ligados oededdea
drenagem principal (BUENO, 2009). Na parte média da bacia do Rio Negsosealsi® sdo pouco
desenvolvidos e ocupam, como 0s solos hidromorficos (Gleissolos), zonas depsbigdassses
platés (regido do Jau) (DO NASCIMENTO et al., 2009 parte da montante mais chuvosa da bacia
do Rio Negro (regido de Sdo Gabriel da Cachoeira), esses solos est@oedietzonectados aos
eixos de drenagem principais da bacia do Rio Negro (BUENO, 2009). A col@sg#@a dos rios
confirma que a expansao dos podzois em areas alagadas nos planaltostaieda @irso (DO
NASCIMENTO et al., 2004).

Na bacia do Rio Negro os podzéis que ndo se encontram associados adredagksm sao
0s podzois hidromorficos e sua distribuicdo na paisagem é controlada pelo relevo. Sua @is&ibuic
semelhante a dos gleissolos, porém sua origem é diferente, poissesiada ao empobrecimento
das coberturas lateriticas (BUENO, 2009).

1.1.1.1. Criptopodzéis
Quando os solos podzolizados sdo menos desenvolvidos e apresentam horébite E

difuso ou inexistente, sobreposto a horizonte espédico sdo conhecidos como Criptopodzéis (DO
NASCIMENTO et al., 2004; DUCHAFOUR, 1997). Sdo solos que possuem elevado teor de matéria
organica acumulada em horizontes de superficie (DO NASCIMENBOD, &004; DUCHAFOUR,

1997; LEGROS, 2012).

Estdo localizados principalmente em zonas deprimidas dos baixos. MNatGegido do
meédio/baixo Rio Negro, encontram-se normalmente presentes no centro dovioseddd baixos
platés juntamente com os Gleissolos, ocupando zonas alagadasmbgée deprimidas, geralmente
na base das encostas (MENDES, 200i¢)es, o nivel freatico normalmente esta acima do horizonte
espbdico; e ambos podem ser encontrados proximos a superficie, ou mesmteaf(R@SSIN,
2013).

1.1.2. Oxisolos

Os Oxisolos, também conhecidos como Latossolos( classificacdo SiBCS) s&mder a
partir de processo de alteracdo chamado laterizacdo, presemsgidas intertropicais do globo
(FANNING; FANNING, 1989). Esse processo é responsavel pela perdarie doa Si e de
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praticamente todos os cations basicos (calcio (Ca), potassio (K), meafiigs e sodio (Na)), e
acumulacao residual de Al e Fe e de minerais secundarios do solo, principalmenita eattidos

de Fe e Al) (MELFI; PEDRO, 1977; ROBINSON G.W., 19480 solos profundos, moderadamente
acidos, que possuem elevada estabilidade estrutural, alto grau de 8ocbleg permeabilidade,
baixos teores de silte e menor capacidade de troca catidnica (KER, 398 8oloracéo tipica é

vermelha e amarela e apresentam horizonte organico de tipo Mull.

Sao solos de maior ocorréncia no Brasil. Na bacia do alto rio Negro, os oSxssm
encontrados as margens dos platés fortemente dissecados (BUENO, 2009) easidaides
condicdes de intemperismo presentes na regido (condi¢des clinddticks e pH moderadamente
acido) (MELFI; PEDRO, 1977), apresentam processos de empobrecimento emn eargfio
superimpostos pela podzolizacdo (BRAVARD; RIGHI, 1990; DO NASCIMENT@Ilet2008;
DUBROEUCQ); VOLKOFF, 1998; FRITSCH et al., 2009; LUCAS et al., 1988).

1.1.3. Acrissolos
O empobrecimento em materiais finos dos solos lateriticos através da transfoateagipdde

favorecer o aparecimento de uma nova geracao de solo, conhecidos comooAc(tsAal,1998)
(DO NASCIMENTO et al., 2008) (Argissolo na classificacdo SiBCS).

Em regibes tropicais umidas, o aparecimento deste tipo de solo ocorre aewd@rocesso
inicial de empobrecimento em materiais finos e, entdo, aumentvoelatiextura arenosa, atribuida
a hidratacdo mais elevada dos solos e a mecanismos de aut@l¥gsemo e amarelamento dos
solos lateriticos (FRITSCH et al., 2009).

O processo de amarelecimento do solo leva a formacéo da goethitaoslncaracterizada por
uma substituicdo mais forte de aluminio, anterior & formacao da gjbsitportanto, marcam o inicio
da mobilidade do aluminio nos perfis de oxisolos ou lateritas moveiNEECIMENTO et al.,
2004).

Esses solos mais amarelos e mais pobres em argila podeimrmsgsiopos planos dos platds
(BUENO, 2009) e também ao longo de vertentes, nos segmentos que sepaspadossolos de

jusante, dos oxisolos argilosos, de montante (LUCAS et al., 1988).
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1.1.4. Solos Hidromoérficos: Gleissolos
Os solos que estdo conectados as redes de drenagem e possuem uma dor@miada

principalmente pela flutuacdo das aguas subterraneas sdo conhecidos como gleissolos.

O processo de formacdo destes é denominado gleizacdo (FANNINGYINGS, 1989). A
saturacdo de agua prolongada nos ambientes favorece a auséncia ui® exigépresenca de
microorganismos anaerobicos, induzindo a reducdo de (peSsente nos minerais de goethita,
hematita, ferridrita e lepidocrocita) para Fetn partes do sol® Fe? é soluvel favorecendo sua
mobilidade no perfil. A reducédo é seguida pela oxidagédo depeed Fe®e pela precipitacdo na
forma de 6xidos de ferro no perfil (FANNING; FANNING, 1989).

Esse processo de reducdo provoca o empalidecimento, coloracdo gleglibaima) nas partes
do perfil onde ocorre saturagcédo pela dgua e consequente perda de Fe, contuda aplesado
mais forte (aumento do chroma) nos horizontes onde ha acumulacdo dos 6xidos pel® oxidaca
(FANNING; FANNING, 1989). Apresentam, ainda, textura fina (maior presdadracao argila) e
acumulacao de matéria organica nas partes superiores do perfil.

Na bacia Amazénica sédo solos que normalmente ocupam as plandegsessdes do platd
(BUENO, 2009; FRITSCH et al., 2011). A cobertura vegetal presente é degmiteo, constituida

de arvores de troncos finos e curtos.

1.2. Matéria organica do solo
A matéria organica do solo (MOS) € o resultado de uma mistura congeer@siduos

organicos (animais e vegetais) de diversas naturezas e em difezstitgios de decomposicao,
resultantes de degradacdo quimica, biolégica e da atividade sind@tscamicrorganismos
(STEVENSON, 1994)0 teor de matéria organica (MO) presente no solo é resultado do balaeco e
processos de adicdo de material organico (restos de plantas, aetmpis,perda (decomposi¢céo
desses materiais pelos micro-organismos). Parte do carbono presentédnos gefiberada para a
atmosfera na forma de G@ o restante passa a fazer parte da matéria organica como comgonente
solo (BAYER et al., 2002; STEVENSON, 1994). Segundo, Petred. (2001),a MOS constitui um

dos reservatorios de carbono da superficie terrestre, chamando a ateacéonpeessidade de

conservacao dos solos e de suas MO

A porcentagem de MO encontrada nos solos é pequena quando comparada cam a frac

mineral, em que sua quantidade varia de acordo com o clima, o tipo etag&gou cobertura,
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textura, regime de saturacdo hidrica e, ainda, manejo e uso.cBrapé&sta principalmente por
carbono, nitrogénio, fosforo e enxofre (ROCHA; ROSA, 2003). Embora a quantidade seja pequena,
a MO desempenha um importante papel como fonte de nitrogénio para as plantas e € fornecedora de
elementos como fosforo, enxofre e diversos micronutrientes. Além dissotiéuddapor diferentes
compostos de carbono em varios graus de alteracdo e de interacdo aamassases do solo.
Interfere também em varias propriedades do solo, tais como adsorcaoioms eatanions,
complexacdo de metais, estabilizacdo da estrutura do solo, retienggoa, influencia diretamente

na cor, reduz a plasticidade e provoca sensivel diminuicdo na cordpagi@¢ aumentar a
porosidade do solo (STEVENSON, 1994).

1.2.1 Classificacdo da Matéria Organica do Solo
Stevenson (1994) classificou a composicéo e a estrutura da MOS de acorgdeucgrau de

decomposicdo: a) residuos organicos ou liteira; b) substancias ndo hummassi@uncias nao

humificadas e c) substancias humicas ou humus estéavel.

a) Liteira: € a macro matéria presente na superficie do solo; &agéa leve da MOS, a qual é
composta por residuos de plantas incorporados ao solo; sua funcéo é &rergapara a superficie
e protegé-la contra a degradacéao fisica (STEVENSON, 1994).

b) Substancias ndo humicas: sdo os compostos organicos da naturprapeiedades fisicos
guimicas conhecidas como, por exemplo, aminoacidos, lipideos, carboidratos, gorddoss, ac

organicos de baixa massa molecular.

c) Substancias humicas: sdo compostos heterogéneos, produtos das trarefoguiagiéas e
biolégicas dos residuos vegetais e animais e das atividadescdosrganismos do solo. Baseada no
seu grau de solubilidade em solu¢bes aquosas, sdo divididas em &cido, laaido falvico e

humina.

Antes de chegar ao estagio de humus estavel, a matéria orgami@adguesentrou em contato
com o solo, passa por processos fundamentais de transformacdo, os quais sagosochrec

Mineralizacdo e Humificagao.

1.2.2. Mineralizag&o e Humificagéo
A mineralizacao estd associada na sua origem, a minerais saivgasosos (Duchaufour,

1960) e é definida, por Zech et al. (1997), como a transformacéo de elementosorgatgidigados
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(C, N, S, P) em compostos inorganicos ¢COH,, NH,*, NO; , SOf , HPQ? ), ou seja, é 0
processo de liberagdo de minerais para os solos e de gasesgiarastera. A velocidade de
mineralizacdo e a quantidade de nutrientes liberados variaaanttderentes fraces da matéria

organica do solo.

O processo de humificacdo é a transformacdo de substancias macro-noagoldgi
identificaveis em substancias himicas amorfas (ZECH et al., 1997précesso no qual se da a
formacdo de humus. Sdo produtos mais estaveis e resistentes mi@oiiana. As substancias
hamicas originam-se a partir da celulose, lignina, proteinas, lipédd®s outras substancias pela
degradacdo quimica e biologica, ou da ressintese em um grupo amsufusténcias de coloracéo
castanho-escura com estruturas quimicas complexas de maididestaltlo que os materiais que as
originaram, bem como com estrutura e natureza particulares (NEYHN, 1994) As principais
transformacdes que ocorrem durante o processo de humificacdo sdo a modificasfotass da
lignina pela perda de compostos fendlicos e polissacarideos e o0 enmmgpteciem estruturas
aromaticas néo ligninicas recalcitrantes (ZECH et al., 1997). N&ioas microorganismos, mas
também animais do solo participam do processo de humificacdo e, assim, paee-geedocorrem
transformacdes fisicas, quimicas e biolégicas ao invés de apenaisiama e quimica (ZECH et al.,
1997)

A velocidade dos processos de mineralizagdo e humificacdo € varigmalem ser
influenciados principalmente pelo clima e por fatores fisico-quimicosjocpH, relacao
carbono/nitrogénio(C/N), entre outros (ZECH et al., 1997)

1.2.3. Os tipos de Humus
Os residuos orgéanicos, assim que adicionados ao solos, iniciam procedsosnigosicao,

porém a velocidade destes processos ndo sdo 0os mesmos para todosiais maependem de
parametros como velocidade da mineralizacdo, importancia do fenébmeno tledsessatureza dos
produtos formados e grau de ligacdo com o constituinte mineral. A part#s degrametros
(DUCHAFOUR, 1997) realizose a classificacdo morfoldgica dos horizontes orgéanicos. Tal
classificacao foi realizada em ecossistemas temperados, mas aealg@sifambém é utilizada para

0S ecossistemas tropicais.
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Para o autor é possivel distinguir trés tipos principais de horizontescmgars meios

aerdbicos em solos néo perturbados: Mull, Moder e Mor (Fig. 1):

Figura 1: Caracteristicas morfolégicas dos princippistde horizontes organicos das florestas segundo Duchaufour
(1960). Mull, Moder e Mor, e as camadas Ao, Al e L (regiffudermentacéo), H (camada superficial completamente
humificada)

R

AL A RIRRS

Moder

FonteDuchaufour (1997)

Mull (himus leve) séo formados em boas condicbes de temperatura e yreitiadelos bem
supridos de calcio, mas nao calcario. A rapida decomposicédo dos detrntasserrapilheira fina
sem a formacao de um verdadeiro horizondgreto; o horizonte Aé bem desenvolvido com cor
brunada; apresenta estrutura da matéria organica caracteristicangisée em uma mistura intima
de argila e elementos humicos parcialmente saturados com calcio. O pH de foromaé&5m &5 e a

relacdo C/N é inferior a 20.

Moder é o tipo de himus intermediario, entre o mor e o mull. A serrapibettecompde um pouco
menos rapidamente que o mull e d4 origem a um horizontle Apenas 2 a 3 cm. O limite entrg A

e A, é geralmente impreciso, o horizonte geralmente é espesso (10 cm), de coloracao preta ou
cinza. Ocorrem em ambientes com pH inferior a 5 e a relacdo C/N exttzoetn A varia entre 15

e 25.

Mor é conhecido também como hiimus bruto. E um himus de decomposico lenta; o hogigonte A
espesso e formado por elementos ndo decompostos e intermediarios, o queliveafsadesta em
trés outras camadas: camada L, formada por produtos ainda sem decompasigilg F, de
fermentacdo, e camada H, de humificagdo, compreendida por complexa®shémi mistura com

produtos intermediarios. O horizonte; & fino com a presenca de produtos intermediarios e

28



compostos humicos muito acidos. O pH de formacéo encontra-se na faixa inferior a 5 (na enaioria d

vezes na ordem de 4 a 4.5 elacdo C/Né superior a 20 em A

1.2.4. Substancias Humicas
As substancias humicas (SH) estdo presentes no meio natural, ocorrergtaneies

quantidades nos solos, sedimentos e na 8g44d.COLM, 1990; THACKER et al., 2005). Elas
possuem massa molar variavel, coloracéo variada de amarelada, @@so molecular relativamente
alto e solubilidades diferentes em meio acido e alcalino (PRIMENEZES; SILVA, 2011;
STEVENSON, 1994). Por apresentarem alta complexidade quimica e fersgét com a fracédo
coloidal inorganica do solo, as SH decompdem-se lentamente e agusguf@ogressivamente nos
solos (MUSCOLO; SIDARI; NARDI, 2013).

Em geral, as SH sdo compostas por uma grande variedade de anéicasoffeatolico e
qguinona), os quais sao ligados por grupos funcionais ou por cadeias ali@ticeOLO, 2002;
STEVENSON, 1994).

Com base na sua solubilidade em meio aquoso, as substancia humicas séo divididas em

« Acidos Fulvicos: fracdo que permanece em solucdo quando o extrato alcalino é acidificado e
possui maior presenca de grupamentos carboxilicos e de oxigénio;

« Acidos Humicos: fracéo escura solGvel em extrato alcalino, que paeajds a acidificacao.
Representam também a por¢éo mais estavel da matéria organica;

e Humina: fracdo insolavel em qualquer intervalo de pH.

1.2.4. 1. Formacao das substancias humicas e modelos
Existem diversas teorias sobre a formacao das substancias humicasa peoéia classica,

popularizada por Waksman (STEVENSON, 1994), propde que as substancias hamlaasreas
modificadas, porém esta hipétese foi considerada incompleta e alguns autores camdderam o
envolvimento das quinonas, que sao produtos derivados da lignina no processo de fdamacao
substancias humicas (STEVENSON, 1994)

A Figura 2 esquematiza a proposta de Stevenson (1994) sobre a formacgao das
substancias humicas. Este autor explana quatro vias principais: no mecanismo 1, propde-se a

formacdo de humus a partir da polimerizacdo ndo enzimatica por condemsdga
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aminoacidos e acuUcares, formados como subprodutos da atividade microbiana; nos
mecanismos 2 e 3 estdo envolvidas a participacdo de polifendis e gummmmamecanismo

4 estao os produtos derivados das ligninas modificadas.

Figura 2 Principais vias propostas para a formacéo de substédmisisisas pela decomposicéo de residuos animais e
vegetais no solo.

‘ Residuos de Plantas

Transformagio por microorgamsmos

Lignina
v, .
(//Ti ! Produtos Modificada
L Compostos de amina | decompostos de
Agicares Polifendis Lignna
Quinonas
T

)

Substincias Hitmicas

Fonte: Adaptado de Stevenson, 1994.

Uma segunda questado que envolve as substancias humicas € a estrutura quimgraakas me
Desde a década de 1960, modelos para tal estrutura sdo propostos (KONOMNBYA
SCHNITZER, 1978)porém, segundo Stevenson (1994), nenhuma foi inteiramente satisfatoria.
Esta dificuldade ocorre devido a heterogeneidade e a complexidadéstassias humicas, bem

como a auséncia de sua identidade estrutural genética.

Schulten and Schnitzef1993),baseados em estudos espectroscopicos, pirélise, degradacao
oxidativa e microscopia eletrbnica, apresentaram um modelo estruttaiab @ecido himico
(Figura 3). No modelo proposto por Schulten and Schnitzer, (1993), as SH apresentis gra
porcdes de grupos funcionais alifaticos; as funcdes oxigenadas estdo pressnggupos
funcionais carboxilicos, hidroxilicos, fenodlicos, éter e éster. A composigaermi da estrutura
do acido humico é fDgH32¢6090Ns € tem tamanho molecular de 5540 Da (SCHULTEN;
SCHNITZER, 1993)Em 1997 os mesmo autores propuseram um modelo tridimensional para o

acido humico, que foi chamado de macromolecular (Figura 4
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Figura 3:Estrutura quimica do &cido humico proposto por ®chalSchnitzer (1993)
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Fonte: Schulten e Schnitzgr993)

Figura 4: Modelo estrutural propostos pela teoria macramialeSchulten & Schnitzer (1997), em que as esferas azuis,
vermelhas, brancas e pretas representam os atomosdac;arxigénio, hidrogénio e nitrogénio, respectivamente. As
letras A, B e C indicam os espag¢oszios” presentes na molécula das SH capazes de interagir com outros compostos

Fonte: Schulten & Schnitzer, 1997

Neste modelo, as variagbes conformacionais das SH séo simitpuelas observadas nas

macromoléculas biolégicas, como proteinas, polissacarideos, acidoxowmudéiigninas (Fig.4)
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(SWIFT, 1999), e dependem da concentracdo das moléculas humicas, doNH#ESE(S1990) e da
concentracdo ibnica (SCHULTEN; SCHNITZER, 1993). Além disso, o modalmn#ansional
apresenta uma série de espacos vazios de diferentes tamanhos na@teaoromolécula, os quais
poderiam alojar outros compostos organicos hidrofébicos ou hidrofilicos, como proteinas,
carboidratos, pesticidas, lipidios e agrotéxicos (SCHULTEN; SCHNITZER, 1993).

Piccolo (2002), baseado em uma nova combinagdo de métodos quimicos e modelos matematicos
computacionais, sugeriu, um novo conceito a respeito das caracteréstinsurais das SH. Este
modelo, chamado de supramolecular, propde que as SH sdo formadas por mol§oeglaaspe
heterogéneas de varias origens, auto-organizadas em conformacfes suplaesleo que
explicaria o grande tamanho molecular aparente das substancias.

No modelo apresentado por Piccolo (2002), os &cidos fulvicos sdo associacogsatape
moléculas hidrofilicas dispersas em solu¢do devido a repulséo téliteoslas cargas negativas
provenientes da dissociacdo dos grupos acidos, como os carboxilicos, a quatIuee wH. O
modelo descreve que o0s acidos humicos sao constituidos por associac@ssrutieas
predominantemente hidrofébicas (cadeias polimetilénicas, acidos graxdsr@des), que sao
estabilizadas em pH neutro por forcas dispersivas hidrofébicas (van der WMaadsligacées CH-

p) (PICCOLO, 2002).
Simpson et al. (2002) reforcam o modelo supramolecular proposto por Piccolo, (2002)
demonstrando que SH extraidas dos solos sdo uma mistura de substabaias peso molecular

(em torno de 2000 Da) e propuseram um esquema de estrutura apresentado na figura 5.

Figura 5: Esquema de estrutura das substancias himicastprppoSimpson et al. (2002). As unidades vermelhas
representam os cations metalicos, as unidades pretaissagarideos, as unidades azuis os polipeptidios, dades
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verdes as cadeias alifaticas e as unidades marroragoeintos aromaticos provenientes da lignina

Fonte:Simpson et al., 2002

Porém, um modelo aceito por toda a comunidade cientifica para a estlagutd ainda
encontra-se indefinido, de modo que para tanto novos procedimentos analiticomenseném
desenvolvimento, visando a obtencdo de resultados mais contundentes pdea sagtpoéteses
propostas. Enquanto isso, a compreensdo sobre a dindmica destas substaec@ssistamas €
realizada devido a sua participacdo na dinamica geoquimica danésbElas desempenham papel
importante nos processos geoquimicos do ambiente por diferentes razbes, conxempdo, e
atuando em propriedades quimicas e fisicas, influenciando na biodisponibikdaugais do solo
para plantas e/ou organismos e na toxicidade de alguns metais aesportes no acumulo e na
concentracdo de espécies metdlicas; dependendo das condicbes duosseienm caracteristicas
oxido-redutoras e influenciam no mecanismo de sor¢cdo no solo de gasesosrgaimorganicos

presentes na atmosfera, entre outras fungées.

1.2.4.2. Interacéo das substancias humicas com metais

Uma das propriedades das SH é de interagir com 0s ions metalicasgsa®s solos, nas
aguas e nos sedimentos (Fe, Mn, Cu, Zn, Al, entre outros), formando complexos etghoosn
e/lou quelatos de diferentes estabilidades e caracteristitatirass (Senesi et al.,1996). Essa
interacdo se da com inumeros grupos funcionais que possuem oxigénio, principakngnmigos
carboxilicos e fendlicos, que formam interacdes eletrostaticas ndigepdas macromoléculas

(BENEDETTI et al., 1996; MARINSKY; REDDY, 1984; TIPPING; HURLEY, 1998)que lhes
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confere a habilidade de formar complexos com os cations metalicoE SSENPOSITO; MARTIN,

1986; STEVENSON, 1994), cuja estabilidade das espécies é determinadaaps@riente fatores,
incluindo o numero de atomos que forma a ligagcdo com o metal, a natarepaeentracdo de ion
metalico, a concentracdo das SH, o pH, o tempo de complexac&oo@nts. O material humico
também possui a habilidade de aderir particulas minerais, produzindmdagecom aumento

significativo em sua adsorcao ou na capacidade de complexacao (STEVENSON, 1994)

1.3. Caracterizagdo das substancia himicas e técnicas espectroscépicas

Diferentes técnicas sdo indicadas na literatura para analisacéecaar as SH, dentre elas esta
a espectroscopia, que estuda a interacao da radiacdo eletromagnéticenatéria. A radiacéo e a
matéria podem interactuar de varias formas, como, por exemplo, por processas d&o, emissao,
difusao, difracdo, entre outros, e podem emitir radiagcdo na regido dooldtia\e do visivel em
estados moleculares de transicéo vibracional, na regido do infravermegh@giao do micro-ondas
e, ainda, em casos particulares, na regiao do infravermelho longinquo (GOODMAN, 1994).

As espectroscopias nas regides do UV-Visivel (UV-Vis), Infravermellktuerescéncia, sdo
técnicas espectroscopicas atualmente muito utilizadas naeceagdo das matérias organicas
porque podem fornecer informacgdes sobre a fonte e a composicdo destas sulpséecites nos
sistemas naturais (BIRDWELL; ENGEL, 2010a; COBLE, 1996; HUDSON; BAKER; REYDS,
2007).

A utilizacdo de tais técnicas sao vantajosas, pois sado deekilicdo e necessitam de
pequenas quantidades de amostras (STEVENSON, 1994). Por essa razap|aaerae utilizadas
nas pesquisas cientificas para compreender a estrutura e o funcittngoienico das MO. Cada
técnica oferece determinadas informacdes e seus resultados contgubersermntre si, evidenciando
tendéncias e peculiaridades das amostras analisadas.

1.3.1 Espectroscopia de Absorbancia de radiacao no UltraVioleta-Visivel
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A Espectroscopia na regido do Ultravioleta (200-400 nm) e do UltraViolstaeV/(400-800
nm) permite a identificagdo de transigdes de elétrons dos orbitais moleculares 6-, T- € n- de seu estado
energético fundamental para orbitais de maior energia em um estidod®@ (SKOOG; HOLLER,;
NIEMAN, 2002). Na Espectroscopia de absorbancia no UltraVioleta@liglyv-Visivel), os
elétrons de ligacdo sdo excitados e os resultados obtidos refesms-s@mprimentos de onda dos
picos de absorcao, que podem ser correlacionados com os tipos de ligac@pedas estudadas
(SKOOG; HOLLER; NIEMAN, 2002).

A absorc¢éo de radiagéo UV-Visivel de maior comprimento de onda esita @esim nimero
limitado de grupos funcionais (chamados croméforos) que contém elétrons de aénerzergias
de excitacdo relativamente baixas. Os elétrons que contribuem plasared® em uma molécula
organica sdo aqueles que participam diretamente na formacéo de kgaighatomos e, portanto,
estdo associados a mais de um atomo e elétrons nado-ligantes aslosisekternos que estao
comumente localizados em atomos como oxigénio, halogénios, enxofre enmitr¢§EOOG;
HOLLER; NIEMAN, 2002).

Em funcdo da grande quantidade e variabilidade de grupos croméforos existentes na
macromoléculas humicas, os espectros obtidos sdo geralmente formados pelaic@bradpoarias
bandas, sem picos definidos, apresentando absor¢ao decrescente com o aumento do congprimento d
onda. Os grupos responsaveis pela cor escura das substancias hiumicé@®astd completamente
estabelecidos, mas se suspeita de uma combinagéo de variaetgsisuturas (Figura 6). Alguns

dos grupos mais comuns Stevenson (1994) estao apresentados na figura 1.6.

Figura 1.6: Representagdo dos grupos cromoforos presesteabstancias humicas
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Fonte:Stevenson, 1994

De maneira geral, a técnica de absorcdo no UV- Vis apresentgafioo de
diminuigdo exponencial com o aumento do comprimento de onda (BIRDWELL; ENZHD;

STEVENSON, 1994) e sua interpretacédo tem sido documentada na litgrataraaracterizar e
35



avaliar o grau de aromaticidade das SH através do uso das razdesoderecia (FUENTES;
GONZALEZ-GAITANO; GARCIA-MINA, 2006; MCDONALD et al., 2004; VIEYR/Aet al., 2009;
ZARA et al., 2006)

Dentre estas, destacam-se as razas 65 e 665 nm) e#E3 (250 e 365 nm). A primeira
razao é utilizada para avaliar o grau de condensacao das estrutu@casopnesentes nas matérias
organicas (PEURAVUORI; PIHLAJA, 1997; STEVENSON, 1994). A razd&.Epor sua vez,
permite avaliar a aromaticidade e o tamanho molecular (PEURAVUORI;ABWL1997).

1.3.2.Espectroscopia de Fluorescéncia de Luz UV-Visivel
A fluorescéncia € um fenémeno conhecido como fotoluminescéncia, em qaktaslas sédo

excitadas, por uma radiacdo eletromagnética, a um estado extitdtmse ao retornarem ao estado
fundamental, ocorre a emissao de um foton (LAKOWICZ, 2006). Dessa marsefragrescéncia,
os elétrons da molécula de interesse sdo excitados e transferinitstaie moleculares do estado
fundamental para orbitais moleculares ligantes e antiligantes no estaddaexcita

Normalmente a fluorescéncia é encontrada em compostos que contém fgngqosais
aromaticos com niveis de tikd¢do m — m* de baixa energia e compostos que contém estruturas
funcionais mais aliféticas, carboxilicas, como, por exemplo, as SHOEKBGIOLLER; NIEMAN,
2002).

A intensidade, o deslocamento e a posicdo dos picos de fluorescéneia psthr
relacionados com a presenca de elétrons doadores e/ou receptores de grupus)cemsdicao, a
aromaticidade, a heterogeneidade e a propriedades quimicas (CHEN @& PEURAVUORI,
KOIVIKKO; PIHLAJA, 2002).

Aplicada aos estudos de SH, a Espectroscopia de Fluorescéncia pode fofosnacdes
tais como: diferenciar e classificar as SH baseadas nas dataets estruturais tipicas responsaveis
pela fluorescéncia (BAYER et al., 2002; MILORI et al., 2002) e identiispectos qualitativos no
nivel molecular das interacfes das substancias himicas cométiisos (BAYER et al., 2002)
Alguns procedimentos metodoldgicos, descritos na literatura, sugerear apflaorescéncia para
avaliar o grau de humificacdo das SH (KALBITZ; GEYER; GEYER, 1999;®RLet al., 2002;
ZSOLNAY et al., 1999).

Os espectros bidimensionais de Fluorescéncia podem ser obtido&s eanodos:
emissao, excitacao e sincronizado (SENESI, 1992). Os espectros dmesas®btidos medindo a

intensidade relativa da radiacdo emitela funcdo do comprimento de onda . Os espectros de
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excitacdo sdo obtidos medindo a intensidade de luminescéncia em uymmntamo de onda de
excitacdo variado. O espectro de varredura sincronizado de excitacdo épetdidnedida da
intensidade de fluorescéncia durante uma varredura simultaneamente deswetroprimentos de
onda, excitacdo e emissao, e mantendo constante, entre eles, uma diferengaiciectome onda
otimizada AA= Aem — Aexc.

O avanco dos sistemas operacionais permitiu que os Espectros decEhmeepudessem ser
obtidos também no modo tridimensional, conhecido cBxmtation-Emission Matrix Spectroscopy
(EEM) (Coble, 1996). Esta técnica vem sendo utilizada desde a década deor®®Mmlgjetivo de
analisar a matéria organica dissolvida, apresentando resultados&aissf@EHEN et al., 2008;
COBLE, 2007a; MCKNIGHT et al., 2001; MOUNIER et al., 1999).

Com a utilizacao da fluorescéncia EEM € possivel obter espectemsisi&io de multiplas
faixas de excitacdo que sdo conectados a matriz, o que permitefeca{@ss da fonte do material
organico com base nos fluoréforos presentes (COBLE, 2007a). Uma das princip@ensadtsta
técnica é apresentar resultados sobre a composicdo da MOS e dAs Saftacteristicas de
fluorescéncia sao adquiridas através da mudanca do comprimento de ondéagéaer emissao
simultaneamente (MURPHY et al., 2010). A EEM, a patrtir da interprethggipicos presentes nos
espectros, fornece informacfes sobre as mudancas da matéria organigatesstd mistura de
compostos, da degradacéo biolégica e da producédo biolégica que ocorrem no ambiBhte, (CO
2007a).

Além disso, o espectro de EEM pode ser utilizado para a caradierqagntitativa da matéria
organica fluorescente (MOF) quando combinado com técnicas estatistitaod®osicdo de dados
multivariados, tais como Andlise de Fator Paralelo (CP/PARAFAC)familéa a identificacdo e a

guantificacdo de sinais subjacentes, denominados componentes (MURPHY et al., 2010).

A EEM-CP/PARAFAC é uma técnica potencialmente Util naliagdo das amostras
complexas, tais como séo as substancias huimicas. Esta técnica pevaliszamda decomposicao
dos componentes fluorescentes, independente do complexo formado na EEM, quetaeprese
grupos que sao denominados de componentes fluorescentes (GUO et al., 201511 G1A2008;
SIERRA et al., 2005)
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Para a matéria organica do solo, o CP/PARAFAC permite identificapasios, desde o0s
mais gerais, como proteinas e 4cidos humicos, até compostos espedifitmtriptéfano, tirosina e
quinonas (MURPHY et al., 2010), fornecendo uma decomposic¢ao espectral faciiteptetavel.
A combinacdo EEM e CP/PARAFAC é considerada uma ferramenta impartainterpretacéo de
dados multidimensionais e em estudos de caracterizacdo da nuatfrraca porque permite
identificar com detalhes as caracteristicas naturais dasiasaorganicas e das substancias humicas
(GUO et al., 2015).

1.3.3. Fluorescéncia quenching
A espectroscopia de fluorescéncia é uma importante ferramenta gstizdo da reatividade

dos sistemas quimicos e biologicos, uma vez que permite medicOesrodivas de substancias em
baixas concentracdes. A fluorescéncia quenching ou supresséo de fluaaesegna derivacdo da
Espectroscopia de Fluorescéncia, a qual utiliza o principio deigiensidade de fluorescéncia pode
ser diminuida devido a uma variedade de processos (LAKOWICZ, 2006). madudido da
intensidade é conhecida como quenching.

A variedade de interacdes moleculares pode resultar na supresséao, cexenmwbo, reacdes
de estado excitado, rearranjos moleculares, transferéncia de energia,dateneg@plexo de estado
fundamental e supressédo colisional (LAKOWICZ, 2006). A supressdo na anpositea ser
ocasionada também por dois mecanismos, supressao dinamica (quenchiigple@on supressao

estéatica (quenching estatico).

O guenthing dinamico ocorre no estado fundamental da molécula e ndo deperidsade di
molecular ou colisdo. O quenching estatico € quando ocorre uma atenuagdodaénte atraves
da propria fluorescéncia ou de outras espécies de absorcao, nestaéacfmmados os complexos

menos ou nao fluorescentes (complexacao de equilibrio) (LAKOWICZ, 2006).

As SH possuem uma estrutura complexa formada por anéis aromaticos efgnofmosis
reativos que sao responsaveis pela elevada capacidade de kgatés metais, como cobre e
aluminio. Assim, a sensibilidade e a simplicidade da Fluanegcé&e Quenching a torna viavel, a
fim de analisar as interagcdes SH-metais (ESTEVES DA SIEVAl., 1998). Ryan e Weber (1982)

propuseram a aplicacdo da fluorescéncia de quenching para medir progrieciagéexantes da
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matéria organica natural e para definir a constante de instalgilicondicional e a capacidade de

ligacdo dos ions metalicos.

Luster et al(1996), avaliando os diferentes comportamentos de analiffeodascéncia de
qguenching, concluiram que ha diferentes tipos de ligacdo do metal cabre RO, 0s quais sdo
denominados de ligacdes fracas, ligacoes fortes e ligagdes de complérdsrtes. Smith e Kramer
(2000) propuseram um método multi-resposta para explicar todos os sitios de fhoimescé
disponiveis da ligagcdo cobre-matéria organica. Segundo esses autorasidéificados cinco
diferentes componentes fluorescentes da matéria organica usandoadécrésolucdo espectral.
Estudos realizados por Yamashita e Jaffe (2008), empregando analise de figor pprasentaram
a contribuicdo de oito componentes que sdo responsaveis pela ligac@oleatrmatéria organica.
Desta forma, a andlise de Fluorescéncia de Quenching tem sido estodamlaima fonte de
informacédo sobre o que esta acontecendo no nivel molecular destes cor{ipesabsnatéria

organica).

1.3.4.Espectroscopia de Infravermelho com transformada de Fourier
A espectroscopia de fluorescéncia com transformada de Fourier (FTIR) #anita que

permite a analise na regido do infravermelho do espectro eletromagrsgticy que o0s
comprimentos de onda normalmente mais utilizados é o da regido do ingineemedio (4000 e
400 cm') (STEVENSON, 1994).

Na regido do infravermelho a absorcdo é causada por movimentos rotagigibascionais
dos grupos moleculares e por ligacbes quimicas de uma molécula. Adabsercradiacao
infravermelha provoca, portanto, aumento da amplitude das vibracbes mole¢L@RESS &
FACIO, 2004).

Existem duas vibragbes fundamentais: estiramento, onde os atomos germanemesmo
eixo da ligacdo, porém, a distancia entre os atomos aumenta e dimideformacao, onde as
posicdes dos atomos mudam em relacéo ao eixo de ligacéo original. Qanduravermelha de
mesma frequéncia de vibracdo de estiramento ou de deformacdo in@desiaa, a energia €
absorvida e a amplitude de vibracao € aumentada. Ocorrendo a absorcao nadrdquéssonancia,
o detector do espectrémetro de infravermelho grava um pico de absor¢do naqueienento de
onda (STEVENSON, 1994).
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As vibracOes de estiramento sdo mais energéticas e sdo abspoittagp, em frequéncias
superiores as das vibracdes de deformacao. Estiramentos de ligacdes envolvendo proétdt éOH, C
N-H) ocorrem em maiores frequéncias (3700 a 2658) aun que estiramentos de ligagdes do tipo
C-C, GO, e C-N (1300 a 800 cm-1) (STEVENSON, 1994).

Andlises de FTIR fornecem informacdes Uteis, pois permitem identificaivp@sprocessos
de oxidacdao e alteracédo de grupos funcionais, associados aos efeitos de manejosgadano ydty
de complexacdo com micronutrientes provenientes de fertilizantes ou mattelocorrendo no
solo.

Nos estudos que envolvem a MOS e as SH, a Espectroscopia derrrdgthg
apresenta-se util, pois fornece o entendimento sobre a natureza, dagate/o arranjo estrutural de
grupos funcionais contendo atomos de oxigénio, proteinas e carboidratos (BARID)Y 2608;
DAVIS et al., 1999; MONAKHOVA et al., 2015; STEVENSON; GOH, 1971).r@sultados dos
espectros infravermelhos contém uma variedade de bandas que podem ifeteated grupos

funcionais presentes nas misturas complexas (STEVENSON, 1994).
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Capitulo 2 Distribution of soils in a small catchment in the upper Negro River basi -
Brazilian Amazonia and the steps of transformation of a podzolized pl-landscape

Abstract: On the tablelands of the lower Negro River basin, clayey soils comimonlpy the
highest topographic positions and podzols occupy the lowest ones. Studies #tewibd more
clayey soils are superimposed by podzols, which develop from downslope tpeupstavever, in
the extensive podzolized areas of the upper Negro River basin, thick podzgly thee top of tabular
hills and more clayey hydromorphic soils are found in the middle and dowresslege The aim of
this work was to understand this distribution, to describe the soil main morphological cistieste
and to propose a genetic explanation for this last soil setting. led site was chosen from
satellite images. Field works included four soil trenches desmmipind sampling for physical and
carbon content analysis, as well as the local topography surveyncisien of the drainage network
on the previously podzolized parts of the plateaus generates a relidé afithl tabular tops with
deep podzols and exposes, on the new elaborated slopes, the spodic horizonblaadhée and
clayey saprolitic material of the eroded podzols. The perched groundwpparted by the spodic
horizons, outwelling along the slope, creates water-saturated condititvessurface horizons. The
waters, loaded with dissolved organic acids, create podzolizing congéltmvging the development
of a second generation of podzols. The evolution of the catchment is dilolsedi/to the installation

of the drainage network and to the pedogenic processes.

Keywords: landscape evolution; podzolization; drainage incision; Amazonia.

2.1. Introduction
In the central Amazon basin (Fig. 1a), soil studies have revealetth¢hmost clayey soils occupy

the edges of the basin and the less clayey soils are loc#éitedoenter (Fig. 1b). They turn into sandy
soils in the far NW (BUENO, 2009; COSTA et al., 1977; DO NASCIMENeE@l., 2004; FRITSCH
et al., 2007; YAMAZAKI; COSTA; AZEVEDO, 1978) (Fig. 1b). At the slopeale, studies have
reported that the lateritic soils present in this basin are grgduadizolized towards the upslope
(BRAVARD; RIGHI, 1990; BUENO, 2009; CHAUVEL; LUCAS; BOULET, 1987; DO
NASCIMENTO et al., 2004; LUCAS et al., 1988). The spatial distrdsubdf these soils, as shown
in Fig. 1b, allows the interpretation that these soils are progedsswperimposed by podzols, with
repercussions on the caguration of the Amazon pedo-landscape (BRAVARD; RIGHI, 1990;
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BUENO, 2009; CHAUVEL; LUCAS; BOULET, 1987; DO NASCIMENTO et al2004;
DUBROEUCQ; VOLKOFF, 1998; LUCAS et al., 1987) .

This superimposition results from the establishment of a depletion frontlbyrhgrphy, mainly
in iron (BUENO, 2009; DO NASCIMENTO et al., 2004; FRITSCH et al., 20drid then in clay
(BRAVARD; RIGHI, 1990; BUENO, 2009; DO NASCIMENTO et al., 2004; LUCA®Sal., 1987)
et al., 1988). The depletion of clay promotes the development of porositywedrethe quartz grains
(FRITSCH et al., 1989) which in turn allows organic acids and soluble oengeatier to leach through
the soil horizons, accumulating in the deeper horizons or moving towardsetse (BARDY et al.,
2008; BRAVARD; RIGHI, 1990; DO NASCIMENTO et al., 2004; FRITSCH et, al
2009).Consequently, the podzols are formed.

Thus, the organic matter mobilizes complexed aluminum and iron that avedd&om the
dissolution of clays and iron oxides (DO NASCIMENTO et al.,, 2004; LUGASal., 1996;
LUNDSTROM; VAN BREEMEN; BAIN, 2000). Extensive podzolized areas thamstitute the final
state of evolution of the soils on the tablelands of equatorial landscapBR@EUCQ; VOLKOFF,
1998).

Figure 2. 1: Location of the study area: a) Representafithe Brazilian Amazon basin; b) Soil distributiortte
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regional scale; c) Confluence of a small stream witickish-brown waters and a river of clear colorless rsate
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In the Negro River basin, the podzols are located on the low tablelandgoted or unconnected
to the main drainage system. Podzols are distributed over depressedalargn the plateau
interfluves, thus partially connected to the drainage system (for exattpkeJad River basin, at the
middle to lower Negro River basin), (BUENO; DO NASCIMENTO, 2002; DASCIMENTO et
al., 2004) or fully connected to the main drainage system, for exampleuppgéeNegro River basin
at the Curicuriari River basin, in the municipality of S&o Gabriel da Cachoeira (BUEN9) or at
the base of slopes in the Manaus region, at the lower Negro River basin (LUCAS et ajonl®®7)
slopes located at the contact areas between clayey soils apddidws, at the regional scale, the
clayey soils typically occupy the highest sections, while the giedxcupy the low sections from
where they progress in the upslope direction (BRAVARD; RIGHI, 1990; DO NASCIMENTO et al.,
2004; LUCAS et al., 1987). However, in various areas of the upper Negro Rsrey there is a
different spatial distribution of the podzolized soils and the clapdyg at the slope scale. Thick

podzols occupy the tops of tabular hills and more clayey soils (gleysols) are found in theamitddle
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lower portions of slopes (DUBROEUCQ; VOLKOFF, 1998). This configuration is explained by the
incision of the drainage network on the podzolized edges of the plateauatyeg a relief of tabular
hilltops with deep podzols and exposing, on new slopes, the more clayegiatsakerived from the
saprolites (BUENO; DO NASCIMENTO; FRITSCH, 2007, 2011). A new pedegie is then

initiated on these materials.

This study, therefore, examines the spatial distribution and characseoisthe podzols and the
more clayey soils (gleysols) at the small catchment scale and preseepthefdhe pedo-landscape

transformation.
2.2. Regional setting

The study site (latitude 0° 14° S and longitude 66° 47> W) is located in the municipality of Sao
Gabriel da Cachoeira, Amazonas state (AM), Brazil, approximately 850 lay stam Manaus
(Figure 1). Itis a small catchment (1 ha) and the main stieelnaracterized by dark, blackish-brown
waters that flow into another small stream with clear, colorledsr& (Figure 1c). The dark waters
mix with the clear water stream over a distance of 10 m. Thiggowation indicates pedo-landscape

compartments with different soil systems.

The climate is hot and humid. According to the W. Kdppen classification (1846-19d8)te is
in the Af zone (tropical rainforest), with mean annual temperatures of approximatelg@btmean
annual rainfall totals of approximately 3 000 mm. Rainfall peaks duringhiViagril, May, and June

and less rain falls from September to November (COSTA et al., 1977).

Regionally, the study area lies at the contact between two typegetation covers: the Terra
Firme Forest and the Forested Campinarana (white sand forest, witviress trunks are thinner
in comparison with the trees of Terra Firme Forest). Forested Campinarana areas predortiinat
W and SW of Sdo Gabriel da Cachoeira on undulating or tabular reliefs, venike Firme Forest
predominates to the N, E, and SE of this city on dissected or undulaiefg.réhe study area is
located in a Forest/Edaphic Formation contact area (Campinarana), watlakepce of Submontane
Dense Forest (Terra Firme Forest) on a dissected relief (SILVA; JESUS; RIBESRD).

Under these vegetal covers, the Low Amazon Plateau is formed by lavdealiableland reliefs

that constitute broad interfluves and exhibit altimetric homogeifbular interfluves and hills
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between 80 and 100 m a.s.l) (FRANCO; MOREIRA; BARBOSA, 1977). The base oélibk
consists of rocks from the crystalline basement. These rocks belong3ai#rean Complex, which
comprises gneisses, migmatites, granites, granodiorites, and amphiloblages ranging between
1300 and 1400 million years (FERNANDES et al., 1977).

2.3. Materials and methods

2.3.1.Site identification and selection, field work, soil study, and sampling
Orbital image interpretations were used for the selection of a [@itstotily area. The analysis

of the image texture guided the delineation of areas with Dense Rarksorested Campinarana.
The first vegetation type is associated with lateritic saitbtae latter with podzolized soils. Within
this area, a small catchment was selected during the field work and four trenchegcageted for
detailed soil analysis. The choice of sites for the trenches opeasigaged on the pedo-topographic
mapping of the catchment (Figure 2.2). The trenches were opened heading dofvasiagpe top

of the slope to a small stream thalweg of blackish waters (Figure 2.23oils®f the four trenches
were characterized using procedures adapted from the Structural Analysis@b&r (BOULET

et al., 1982) and classified according to FAO (2006).

The profiles were described in terms of color, texture, structure, consiatehtiee transitions
between horizons. Seventesoil samples were collected during the low-water period (November
2010), air-dried, crushed, sieved througm@y, and quartered and subdivided into aliquots to be used

in laboratory analyses.

2.3.2.Pedo-topographic mapping

A rectangular grid of 99 points was projected onto the study area. Thesewmiatspread
over nine parallel tracks in the NE-SW direction and 11 paradieksrin the NW-SE direction. €h
interval between the points was 15 m. The topographic survey was conduitietie use of a
clinometer. The geographic coordinates were collected at by GPSte¢hsection points. The data
from each point were entered into the ArcGis $b8wareand interpolated biriging. Allowing for
the reconstitution of the topography. At each point of intersection of the jtsaikauger borings
were performed for the assessment and quick description of the soil horizonshegsingdr borings
and the observations of the changes in relief and vegetation, the boubdéasiesn the soil types
were established.
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2.3.3.Laboratory procedures: particle size and carbon contents
The texture analysis was conducted according to the modified pipette method by @€aimarg

al., (2009). This analysis aimed to verify the changes in texture am@pgofiles and the delineation
of various patrticle-size-distribution centers. The following intervals wereidered: coarse sand
(2.00— 0.20 mm); fine sand (0.200.05 mm); silt (0.05 0.002 mm), and clay (< 0.002 mm).

The determination of total C was performed using the dry combustion technidirectay
samples obtained from separation by density difference of particlgsnaviprior processing. The
amount of C was quantified by gas chromatography after conversion int@@Dreported as a

percentage in mass.

2.4. Results

2.4.1. Soil coverage and groundwater levels
The grid of described and sampled points allowed the preparation ofajhhg@resented in

figure 2. The studied catchment that is located on the southern flankaoih#@tibp. This figure shows
the soil distribution in relation to the topography and vegetation. The altitudesrbatyveen 79 and
89 m and its declivity increases towards the center of the catchiennorthern portion of the
mapped area corresponds to the nearly flat top of the hill. The southesrpsdgents, in sequence,
convex, slightly straight, and concave segments and is draireedti®am of blackish-brown waters;
at the southern end, outside of the catchment, this drainage flows itmem ®f clear colorless

water.
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Figure 2. 2: Map of soil distribution in relation to tlopography and vegetation
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To the north of the catchment, a podzol with a thick E horizon of waitd and hardened,
spodic horizons below 150 cm in depth occupy the highest portion of the slopee(Eig). These
spodic horizons support a perched water table, with black waters. Movingttevahope, the E
horizon of white sand (situated on top of the hard spodic horizons) decreases insthiakdge
consequently, the level of the perched water table approaches the .sbofaites reason, the soils
there were characterized as hydromorphic podzols. Even further down the slopd)dheon of
white sand disappears and the spodic horizons are only a few centimgpeaadi&@nsition upwards
directly into the A horizon. These spodic horizons are less hardened thaofthos@pslope soils.
The perched water table springs on the surface. Below these spodic haf#eman unsaturated
layer, there is a second groundwater table. This groundwater level skaerabcontinuity with the
only groundwater level found at depth in the gleysol, located at the mangi outside of the
catchment area in the W and E portions of the map (Figure 2.2).

2.4.2. Soil distribution along the slope
The soil profiles of four trenches aligned in the NW-SE and NE-SWtdires; represented

on the pedo-topographic map as black circles (Figure 2.2), were des@ibélde map, the black
solid line represents a cross-section on which the described soil prafdeschematically
represented. This cross-section was divided into A-B-C and C-dse¢Figure 2.3) that together

represent two soil systems: podzolized and hydromorphic.

The thick (150 cm) podzol under the forested Campinarana vegetation has well-draidied a
sandy horizons (Figures 2 and 3a). A thin layer of litter is present on tiog D8em-thick A horizon,
the color of which is a very dark gray (2.5Y 3/1) and the structure of whiekakly granular in
association with the loose quartz grains and organic matter granules.h@hzon gradually
transitions into the horizon below, which has a thickness of 32 cm amogized as an AE horizon.
The structure remains the same but the proportion of simple white sandigcaeases and the
proportion of organic matter granules decreases. The gray color (2.5Y 5/1) correspiedareas
of higher organic content in the horizon. In the lower horizon (28 cm thick), orgeanales are
scarce and are distributed over somewhat vertically elongated adnikesthe color is lighter (2.5Y
6/1) and juxtaposed to the white color of the less organic and more quartzitic domains. This horizon,
known as E1, becomes the E2 horizon (80 cm) because of the generabtdhensimple grain
structure and the white color of the quartzitic sand. The higher organentaones are scarce and
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restricted to a few areas. This horizon sharply transitions into theomexttorizon. It is a Bh horizon
that begins 153 cm below the surface but could not be prospected througlemiiréghickness
because of the landslides at the trench walls associatethe/pinesence of groundwater. The horizon
structure is blocky; its black color (2.5Y 2.5/1) reveals that the organiematdistributed more
homogeneously over the quartz grains; however, the black color is pednigatvhite quartz sand

grains that are observed in association with pores and roots.

The profile of the hydromorphic podzol that has developed under the forested cangpinaran
vegetation (Figure2 and 3a) has moderately thick litter layer on top. The A horizon (20 cm) has a
granular structure and a very dark gray color (2.5Y 3/1) that is linked tedhaumus organic matter
(Duchaufour, 1960). This horizon gradually yields to an AE horizon (22 cm) with arlightee
heterogeneous color, tending towards brown and light brownish gray (2.5Y 6/2). Thestofithis
horizon is composed of loose grains that are associated with orgargc gnatiules. This AE horizon
becomes gradually lighter until transitioning into the white (2.5Y 8/1) EZztworiwhich is 45 cm
thick with a structure that is composed of loose grains and sparsecongattér granules. This
horizon abruptly changes to the Bh horizon at a depth of 97 cm. The colorBif thdlack (2.5Y
2.5/1), and organic matter covers the grains; it has a weakly blockjustrua perched water table
is located above the Bh horizon (67 cm deep on 24/June/2010).

The cryptopodzol, (in the sense of Duchaufour, 1972) (Fsgi2 and 2.3a, b) is located in a
forested campinarana/terra firme forest transition area (Figure 2.2A ibdzon (22 cm thick) is
preceded by a thick litter layer. The structure of the A horizon is gramdaha color is black (2.5Y
2.5/1); the organic matter is mor humus. This horizon gradually transitiona Bt horizon (12-
cm thick) that is characterized by a loose grain structure and a gricaor (5Y 4/1). The gray
color gradually lightens (2.5Y 5/1) and there are white sand streaks at T@isrhorizon was called
Bh2, and its structure is formed by loose grains. The lower horizon was i&EBi@dit is 19cm
thick, has a loose grain structure, and contains grayish spots (5Y 6/9.i3laesharp transition at
72 cm to the CBhs horizon, which is composed of a highly friable, massivéustruthis CBhs
horizon contains relics of slightly altered primary minerals (mainly muscoudas) and is strongly
impregnated with organic matter, which contributes to the very dark gtagsim color (5Y 3/2) of
the horizon. Groundwater is found at 60 cm.
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The gleysol, also located in the forested campinarana/terra firme fomasition range
(Figure 2.3b), has a thick litter layer over the A horizon. This A horizomglthek) is dark olive
brown (2.5Y 3/3), sandy, and granular. The organic matter is of the moder humus tyyzei{duc
1960). This horizon gradually transitions into the lower Bhs horizon (23 cm), wittakh granular
structure, olive gray color (5Y 5/2), and sandy loam texture. The tman&tthe lower horizon (Cgl)
is clear. This horizon (34-64 cm) has a light olive gray color (5Y 6/2) sdtme brown spots, a sandy
loam texture, and a massive structure with remnants of minerdis petdecomposed. Gradually,
across a diffuse transition, the Cgl becomes a Cg2 horizon that isn2thtc&. The texture of the
Cg2 is sandy loam and primary minerals are more abundant. The straataesive and the color

is light gray (5Y 7/1). Groundwater was present at a depth of 80 cm on 06/24/2010.

Figure 2. 3: Soil distribution along two slopes
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2.4.3.Variation of texture classes and carbon in soil profiles
The textures of the soil profiles are presentedguaré 4. It is evident that the upslope soils

are sandy and that the proportion of clay increases downslope. The thick patth@ hydromorphic

podzol consist of greater than 95% sand in all horizons, revealing profiles tistrioagy depleted

in clay (from 0 to 4.3%). The hydromorphic podzol is the least clayey sbibuajh its Bh horizon

has the largest amount of clay of these two soil profiles (4.3%) (Figure 2.4). In the cryptopodzol, the
surface horizons and the EBh horizon are characterized by sand percentages greater thaned0%, whil
the clay percentage ranges from 0.35 to 5.5% in these same hofagune (2.4). In contrast, the

CBhs horizon has a clay content of 22.05%. The gleysol is the most slaiyey the transect; the

sand content is less than 85% (Figure 4), while the clay contensriagel3.15% in the A horizon

to 17.05% in the Cgl1 horizon. The texture triangles of the four studied profiles, shown in figure 2.4,

reveal 3 texture groups.

Figure 2. 4: Texture triangles for the soil profiles @& thick podzol , hydromorphic podzol, cryptopodzol, and gleysol
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Table 1 provides the values obtained for the total C content in the clay fraction (< 0.002 mm)

of the soil samples, with no pre-treatment.

Tabela 2 1: Texture triangles for the soil profiles ef thick podzol (a), hydromorphic podzol (b), cryptopodzol (c),
and gleysol (d)

Horizons| Depth. (cm)| C (%)
A 0-13 50.46
Deep podzol AE 13-45 48.84
E2 73-153 | 10.06
Bh 153+ 38.4
A 0-20 58.92
Hydromorphic podzo| AE 20-42 42.54
E 42-97 16.31
Bh 97+ 29.14
A 0-22 52.28
Criptopodzol Bh3 22-34 44.48
Bh2 34-53 46.69
EBh 53-72 32.56
CBhs 72+ 10.49
A 0-11 14.04
Gleysol ABhs 11-34 9.56
Cgl 34-64 4.78
Cg2 64-84 3.38

The thick podzol and the hydromorphic podzol have high surface C contents (50.45 and
58.92%) that strongly decrease in the E horizon (10.06 and 16.31%) and then increasBhin th
horizon (38.4% and 29.14%). The C contents of the cryptopodzol are generally higher than those of
the upslope podzols. For the cryptopodzol, the C content ranges from 52.28% in theoA twriz
10.49% in the CBhs horizon, revealing a decreasing trend in the C content ttweabdse of the
profile. This trend therefore reveals that the process of podzolizationiis initial stage and
highlights the difference between this profile and the preceding soilgwolihe gleysol contains
less carbon than the all profiles. There is a decreasing trend with depth (13.88%). This trend
suggests that the nature of organic matter in this profile is differenttfre other profiles because,

in contrast to the podzols and cryptopodzol, there is no accumulation of organic matter in the deeper
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soil horizons. On the other hand, this trend may reflect the inabiliheadriganic matter to penetrate

into the more clayey horizons because of the low porosity of the gleysol.
2.5.DISCUSSION
2.5.1. Drainage incision and new podzolization stage

The podzolization oolay-depleted soils (Acrisols) and the drainage incision that isolates the
hilltop podzols and allows the spodic and saprolitic horizons to outcrop alostppies (BUENO;
DO NASCIMENTO; FRITSCH, 2007, 2011) are the starting point for theutieol of the pedo-

landscapes of the studied catchment.

The soil description, texture analysis, and carbon distribution of the soibgrafill the spatial
distribution of the soils in relation to the topography and vegetation tedibat there are two soil
systems (podzolized and hydromorphic) located in different topographic posittbmogohological
segments of the slope. In figure 2.3a, the slight convexity that bagmdknickpoint in the slope
announces the appearance of the hydromorphic podzol. Further downslope, this convexigsbecom
stronger and gradually transitions into a concave segment, afterghtstransition segment. The
first knickpoint in the slope reveals the erosive truncation of the thcizol, while the second
knickpoint exposes the erosive unconformity between the upslope segmentse ashmivhslope
section of the slope and announces the lateral difference between ltye igpsd downslope soil
profiles (thick and hydromorphic podzols). The presence of the second erosive unconformity is
confirmed by the fact that the E2 and Bh horizons of the thick and hydromorphic padeol
discordant with the concave segment of the slope, i.e., they outcrdpe slope (Figure 2.3a).
Therefore, there is a clear difference in the evolution, over timeebatthe soils of the upslope and

downslope sections.

In the downslope section of figure 2.3a, there is a global increasedarth@n content (Table
1) from the thick and hydromorphic podzols to the cryptopodzol, which is attributed Bh8 and
Bh2 horizons of the cryptopodzol, and a decrease in carbon towards the base of lieTjisfi
organic matter accumulation front also permeates the rock alteratiomrsognch as the CBhs
horizon of the cryptopodzol. This distribution suggests a strong accumulatiomgasfic matter

throughout the downslope segment, preceded by the dissolution and mobilizatrgarac matter
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in the E horizon, accumulating in the hydromorphic podzol Bh horizon and mobilindg a
accumulating further downslope in the cryptopodzol. In the latter, howevenluliss and

mobilization occur in a discrete manner, forming the E/Bh horizon.

All of the soil profile horizons of the concave segment are consistéimtting topographic
surface of this concave segment and are parallel to each other ansuddbe, denoting the vertical
differentiation of these horizons over the same source material, i.e., from the rock alteratiom hori
This fact reveals the existence of a new podzolization phaseiffieas from the one that originated
the thick podzol. Bueno (2009) also identified this new podzolization phase udw ist the

Curicuriari River basin - AM.

Figure 2.3b shows that the slope opposite to the first slope contajhdystonvex and
rectilinear segments. In the rectilinear and convex segments, the gleysol prbfitebelow the top
level of the thick podzol, while the cryptopodzol is located 3.5 m belevtop gleysol level.
Although the difference in height between the thick podzol and the gleysoiall, it reflects the
impact of the drainage incision that exposed the hydromorphized alteratioonisafzhe rock. The
difference in height between the gleysol and cryptopodzol reveals thergitepth of the relief and
reaffirms the resumption of podzolization on the hydromorphic alteration of the hatks,ton the
horizons of alteration materials of ancient lateritic formations. fifpis of development has also been
suggested by Bueno (2009) and Bueno et al. (2011). The development of the theysokslocated
on the edge of the podzolized plateaus is possible because of the exposure of wéyermlitere is
a dissection of the plateau, the erosion of the podzols, and the outwellinggoduwhewater and of
the Bh horizon, according to Bueno (2009) and Bueno et al. (2011). Fritsch et al. (2007) hasd report
that such hydromorphic systems can occur in three locations in the AnraZzandscape: in
floodplains, in the depressions of the plateaus, and at the edges of theodmokzed plateaus. In
the podzolized zones, this hydromorphism is linked to the bleaching @itefdit formations by the
constant presence of water (FRITSCH et al., 2007).

Figure 2.4, reveal the difference between a more eluviated arek (tbdzol and
hydromorphic podzol) and a less eluviated area (cryptopodzol and gleysdh), gvaater
accumulations of carbon in most of the cryptopodzol horizons and lower accumulations of carbon in

the gleysol horizons (Table 1), an indication that hydromorphy is most sevére cryptopodzol,
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hindering the decomposition of organic matter that is incorporated inteciheExcept for the
cryptopodzol CBhs horizon, in figures 4c and d, the two different texturas are opposites and
correspond to a clayey extreme upslope and a sandy extreme downslope iBdiglihe clayey
extreme (gleysol) gradually becomes sandy (cryptopodzol). This tremppissite to the carbon
accumulation trend in the cryptopodzol horizons, indicating that the supeiiimpas organic
matter on the gleysol structures occurs after its depletion in Tlagnne (1977) and Lucas et al.,
(1987) noted this depletion of clay in soils in the pre-podzolization prageecognized that this
process is an essential precondition for podzolization because it #dtleveercolation of organic
matter through the profiles. This depletion of clay increases the develbpfmacropores among
the quartz grains (FRITSCH et al., 2007)which enables the percolation of orgdtec tirough the
profile.

The pedo-morphology of segments B-C and C-D of the slopes are complemamdary
juxtaposed. The two segments can be joined because they are conhexigt the low-depth
suspended groundwater table to the drainage of the stream of blackesk, wanile the thick and
hydromorphic podzols are not connected to this stream through the perched grourablater t
Therefore, the thick and hydromorphic podzols are open to the main drainagespetded in
relation to the current incision. The current incision certainlyuerftes the evolution of a new
podzolization phase (in a more hydromorphic environment), in which the minecalizditorganic

matter is decelerated and C cycling slows.

2.5.2. Modification steps of the pedo-landscape throughout the soil transformation
The strong depletion of clay from lateritic soils by several proceks@sy the development of

podzolization has been extensively described for the Amazon (BRAVARD; RIGHI, 1990; BUEN
2009; BUENO; DO NASCIMENTO, 2002; DO NASCIMENTO et al., 2004, 2008; DUBROEUCQ;
VOLKOFF, 1998; FRITSCH et al., 2009; LUCAS et al., 1987). In theses;ahe podzolization of
plateau centers always advances upwards along the slopes, either pesel@ zones with
hydromorphic podzols (BUENO, 2009; BUENO; DO NASCIMENTO, 2002; DO NASCIMENT
et al., 2004; DUBROEUCQ; VOLKOFF, 1998; FRITSCH et al., 2011) or fronb#ses of slopes
that are already connected to a drainage network (BRAVARD; RIGHI, 199&NBY) 2009;
FRITSCH et al., 2011; LUCAS et al., 1987)). In the study presented herepudbelization of the

more clayey soils (gleysols), which originated from the pedogenesaspodlite exposed after the
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drainage incision, occurs from flows of solutions containing dissolved orgadscfeam the podzols
located at the top of the slope. It is, therefore, a podzolization by supeitiopdsom upslope to
downslope.

In the studied catchment, the evolution of the pedo-landscape was sutboranise the plateau
shape to disappear, but left indicators of that previous form and estabksiil tennections between
the previous and the current reliefs of the hilltop and the slopestypei®f extreme evolution has
been observed by Nascimento et al. (2004) in the Jau River basin, Aby &ndbroeucq et al., 1998
in the upper Negro River basin. The geometric relationships betweenuthedssoils are also
evidence of the genetic relationships distributed over time and theiruspienms for the development
of the pedo-landscape. The evolution of this pedo-landscape also risiéetcesnsition of clayey soils
into soils of intermediate/sandy texture, which are gradually superimpgspddzolization. The
spatial distribution of the soils presented in figures 2.2 and 2.3 reffestextural change and the
change in the pedo-landscape over time, aided by the presence and evolution of the siysieag
The descriptive model presented in figure 2.5, based on the spatidludien of the soils (Figure
2.2) and the characterization of the soils on the slope (Figure 2.3), reptesesyathesis of this

evolution.

A) The low-altitude plateau with low gradient slopes is charaete by the thick podzol soil.
This plateau is open to the main drainage and is beginning to be truncated by the erosion that results

from the installation of incipient drainage in the center of the plateau.

B) The truncation of the podzol of the top from the edge of the incipient thakeadges the
occurrence of the perched water table near the soil surface, causingwpatsaturation. Meanwhile,

hydromorphic saprolite outcrops in the valley slopes.

C) The gleysol is formed from the differentiation of soil horizons on the hydromorphic

saprolite.

D) The cryptopodzol is formed by the superimposition of dissolved acid ongeatier on the

gleysol, which is already depleted in clay.
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Figure 2. 5: Hypothetical model for the evolution of the mdidatchment
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2.6. Conclusion
In the studied catchment, the drainage network incision on the previously podzolized surface

of the plateau opened the system and truncated the horizontal organiaatlmnsoils, causing the
vertical sequence of the ancient podzol horizons and its alteration hdnzaouterop along the slope
from upslope to downslope. The new pedogenesis, which begins on the materiadsl expog the
slope, is strongly conditioned by a particular hydrological feature of tpesl a result of the
truncation of the plateau podzols: the perched groundwater level, supported pgdiceh®rizons
outwelling along the slope, creates water-saturated conditions surtfaee horizons. These waters
flow on the clayey and silty materials from the ancientrafi@n horizons, now exposed in the

medium/low slope. Because the waters are loaded with dissolved omyzds; podzolizing
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conditions are present, which culminate in the development of a secondtigenefapodzols

characterized by horizons consistent with the plane of the slopes of the drainagasncisi

Lateral transformations in the upslope direction of more clayeyistilodzols have been
extensively described in the Brazilian Amazon. To these types dllatadzolizing transformations,
the type described herein is added: the formation of a second generation patizmicurs by
superimposition of podzols on gleysols that originated from hydromorphic saprolitespping
along a slope. The superimposition of the podzols in this case is ajgense of the transport of
organic acids from upslope to downslope through the gleysols, along the dlopensdelow the

spring of the perched groundwater.

This study demonstrated that the evolution of the catchment is ycloskéd to the
development and evolution of pedogenesis and the installation of the draieagork. The
installation and incision processes of the drainage network on the surfaeeptdteau modify the
reliefs and improve the drainage conditions of the soils. This processpeaimith the historic and
current action of weathering and pedogenesis, are important factors differentiating tbedasdsds
the central Amazon.

The combined action of pedological, hydrological, and geomorphological factuesates
areas with complex configurations on plateaus and their slopes in the LggyerRver basin. These
configurations are still poorly understood and their complexity can only be re\eadechapped by

detailed studies.
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Capitulo 3. Characterization and distribution of humics substances of a podzoliziesoils
system in Upper Rio NegroAM

Abstract: In the Upper Rio Negro basin, the soils on the low table land are prir@aigpls, Pozols,
Acrisoils and Gleysoils. Podzols are studied for their singularity anthipetance of their formation
process in the Rio Negro basin dynamic. This type of soil is known $ostibng vertical
differentiation, diagnosed by the presence of the spodic horizon (Bh), which acasrarganic
matter at depth. Soil organic matter consists of fractions of different g@siton stages, including
humic substances. The present study aims to characterize theaftitviand humic acid of a fully
described basin presenting three states of podzolization to understandawemaelistribution and
role of these fractions along soil sequences and in the different saibierThe samples were
collected in open trenches for the soil sasdh Sdo Gabriel da Cachoeira-AM city and sent to a
laboratory where the organic matter was extracted using the protocbbgitbe Humic Substance
Society (IHSS). The UV-Vis and FTIR analyzes were able to camygFA and HA: the first one
more condensed and aromatic than the second one, at the sameitipredaninates for the first,
FA horizons with hydrophilic and aliphatic character.For the second ipfea®minated horizons
with character guided by the presence of polysaccharide, ether-alcotarioamatic functions, and
other horizons with aliphatic and hydrophilic character. These results tedrelath the soil
characteristics were able to establish the rules of distributioA ahB HA in the sequence of soils
on the slope and in the horizons of soil profiles. The variation of the conidersad aromaticity of
FA in the soil sequence on the slope is conditioned by the drier pedoeentsprmvhile HA
condensation and aromaticity occur in pedoenviroments temporarily vedteated. Within the
profiles, condensation and aromaticity of FA depend on horizons porosity assvesléet flotation,
while for condensation and aromaticity of the HA, the greater porosityasemporary visit of the

water in the horizons is fundamental.
Keywords: humic substances, podzolization, pedoenviroments, Araazon
3.1.Introduction
In the Amazon forest, the Upper Rio Negro basin is prominent due to its primary pedological

formations consisting of podzols, oxisols and hydromorphic soils (DO NASCIMENE&O, 2004;
FRITSCH et al., 2011).
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The pedogenic process involved in podzol soil formation is known as podzuoljztie
primary mechanism in the genesis of these soils is called aciplexwtysis and occurs in acidic
environments with a pH between 3 and 5 (BUURMAN; JONGMANS, 2005; LUNZ3M; VAN
BREEMEN; BAIN, 2000). Organic acids, formed by the decomposition of orgaatter (OM)
accumulated in the soil surface. Podzolization indicates the presedbétbht favors the formation
of organo-metallic complexes composed of Fe and Al and the translocatiancamaulation of part
of this organic matter in the deep horizons (Bh) (BUURMAN; JONGMANS, 2005; LUNDSTROM,;
VAN BREEMEN; BAIN, 2000). In regions with high precipitation, such as the Rigrbl basin, the
acidic OM is mobilized through the clay-depleted soils (Acrisols) dugeir high porosity which
transforms them into podzols (BRAVARD; RIGHI, 1990, 1991, DO NASCIMENTO efa04,
2008; DUBROEUCQ; VOLKOFF, 1998; KLINGE, 1965; LUCAS et al.,, 1988).Thisl &
transferred to the drainage nets and causes dark water coloration (BARDY et al., 2011).

The soil organic matter (SOM) is the result of a complex mixture ohargasidues (animals and
plants) of different natures and in different stages of decomposition duemicahand biological
degradation via microorganisnfBLAZA; D’ORAZIO; SENESI, 2005). Based on its degree of
decomposition, the organic matter can be classified as follow#ea)l non-humic substances, and
¢) humic substances (STEVENSON, 1994).

Humic substances (HS) are complex and heterogeneous mixtures of polydisptasals
formed by chemical and biochemical reactions during the decay of plahtsiarobial moieties
(MUSCOLO; SIDARI; NARDI, 2013). The humic substances have differleatical and physical
characteristics according to their solubility: the humic acids (HA)idwalcids (FA) and humine (Hu)
(STEVENSON, 1994). HS are important soil components because they thephysical and
chemical soil properties (STEVENSON, 1994), improve soil fertility, andtribute to metal
bioavailability and transport (STEVENSON, 1994). HS may influence the®qgtion mechanism
of organic and inorganic gases present in the atmosphere in addition toutorgio the soil genesis
mechanisms (AZEVEDO; RODRIGUES DE; NOZAKI, 2008). Knowledge ofkt&dynamics is
of scientific interest and may contribute to the understanding of soil devetd@s well as the soil
cycle and carbon storage.

Several studies focus on understanding the dynamics of the transformation aindanaz
Oxisols into Podzols (BRAVARD; RIGHI, 1990, 1991, DO NASCIMENTO &f 2004, 2008;
DUBROEUCQ); VOLKOFF, 1998; KLINGE, 1965; LUCAS et al., 1988) Among théme, work
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done by Bravard and Righi (1990; 1991) on the FA and HA organic horizon fractions okah oxi
podzol system is particularly significant. They found biochemical diffsge in the HS between the
podzols and oxisols. The oxisol FA and HA are more aliphatic in the Al hodgzwhkave higher
percentages of nitrogen (BARDY et al., 2008) analyzed the SOM of a clay-depletad(tatisol)-
podzol system in the lower Negro River basin (Jau-AM) using micromorplkal@gid spectroscopic
measurements of the organic matter in the soil clay fraction. Tassks showed that the primary
functional groups of SOM are the aliphatic, aromatic and oxygenated groupbesrtdghlighted
the differences between the organic horizons of the soil systems.

The spectroscopic techniques most often used are UV-Visible absorptobrospepy (UV-
Vis) and Fourier Transform InfraRed spectroscopy (FTIR). WUV-identifies the n electron
transitions of conjugated double bonds, such as those present in humic substanitées aauseful
technique for determining absorbance ratios that are related to the htiomfabegree of aromatic
and aliphatic structures (CHEN; SENESI; SCHNITZER, 1977). FTIR isafsed for OM and HS
characterization, wavenumber analysis between 4606 and 400 cmt (STEVENSON, 1994) and
for the identification of functional groups occurring in the organic components.

Thus, the present study aims to characterize FA and HA extracteWigtVis and FTIR
spectroscopy from three podzolized soil profiles in the Upper Rio Negro basin under different states
of podzolization in the, trying to understand the FA and HA distribution fnlsgquencing soil
throughout a hillside as well as horizons along with soil profiling. For suefilibe conducted an
analysis of the results obtained from spectroscopic methods relatingatitliersoil morphology,
texture, porosity, soil pH, total C, and groundwater dynamics among soil horizons.

3.2. Materials and methods

3.2.1.Environmental setting
The investigated site is located in the Upper Rio Negro basititatia0° 14' S and longitude

67° 47' W in the municipality of Sdo Gabriel da Cachoeira - AM (Figuté\). The climate is
typically equatorial with an average temperature of 26 °C and an annted@vainfall of 3000 mm
without a well-defined dry season (COSTA et al., 1977).

Even if difference in rainfall is relative small between dry and hymeigods, this type of
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change interfers specially within the fluctuation dynamics of the grouedwaibughout the year
(Figure 3.2 The geological substrate is composed of crystalline rocks with asitigms varying
between monzogranite, syenogranite and monzonitic quartz (AGNOL; MARIRK, 1992). A
selected soil sequence has profiles that belong to the podzolizgtems This sequence is
approximately 75 m in length and located in a micro-basin with a primary streannmeuntalored
water. A detailed description of the basin was reported in the Chaptérez 3oil profiles were
studied in this micro basin on a rectilinear-convex-concavedpksirom the high slope to the low
slope. Located on the high slope, a thick podzol named profile 1 (P1) (Figure 3.1Bpieathan
150 cm thickness. It is followed by a hydromorphic podzol named profile 2 (RRIréF3.1B) with
more than 97 cm thickness in the middle slope. Finally, a crytopodzble isense of Duchaufour
(1997) located on the lower slope is named profile 3 (P3) (Figure 3.1B). A faléssd Campinarana
covers the thick podzol and the hydromorphic podzol. The cryptopodzol is coveredabgiton

between forested Campinarana and Terra Firme (SENA et al., 2017).
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Figura 3. 1: Area of study (A) and slope study (B).
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3.2.2. Soil study and soils samples
The soils were studied based on a structural analysis approachLE8Ca al., 1982) and

classified according to FAO (2006). In the field, soil samples wereated from three pits, one by
each profile, in November/December 2013. The samples were air dried abtinatbry, smashed,
sieved at 2 mm, milled to 150 mesh and subdivided into aliquots for HEterand elemental
analysis. In total, 18 soil samples were collected. The three profiles prestiliothieng successive
pedogenic horizons: Al11, A12, E12, E1, E2, EBh and Bh for P1; A, AE, E1, E2 and Bh for P2 and
All, Al12, AIE, Bhs, Cgl, Cg2 and Cg3 for P3 (Figure 3.2). These soil horizon sansess typical

of podzol soils (LUNDSTROM; VAN BREEMEN; BAIN, 2000).
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3.2.3. Extraction and fractionation of Humic Substances
The procedure of extraction and fractionation of the humic substances wasmpdrieing

the principle of solubility difference established by the Internationale§oof Humic Substances
(PERDUE; PERDUE, 2012). Air dried soil samples were weighed (4 g) and mvike 40 mL of 1
mol/L* HCI; the solution was stirred for one hour and then centrifuged at 1,500 rpm (g = #33 m.s
The supernatant was discarded and 40 mL of 1 M™AOH was added to the solid, stirred for 4
hours and rested for 12 h. After the resting period, the solid was retired asup#draeatant was
acidified with 6 mol/L*HCI until a pH = 1.0 was achieved (<1 mL), and an additional 12 h rest period
was applied. Subsequently, the solution was centrifuged at 10,000 rpm (g = 11,380 meparate
the supernatant that contains FA and the precipitant that containsheé solid HA fraction was
dissolved with 0.1 mol/t NaOH and filtered using a polyethersulfone filter (Merck-Hydrophilic
Nylon Membrane Filter with 0.2 pm pore size) to remove the silica and clay remaining in the solution.
After filtration, the HA was transferred into a dialysis membrane (Sigma Aldrich avg. 2famm,
avg. flat width 43 mm, capacity ~ 175 mL / ft and weight cut-off = 14,000 @)y&s was performed
using deionized water until the water achieved a negative testléoide ions (Cl-). The supernatant
(FA) was first purified using a DAX-8 resin in sequence with an exchanging ion resin shtuithte

H* ions (Amberlite). Finally, the HA and FA samples were senydpHilization (Thermo electron
Heto PowerDry LL 1500) and stored in glass flasks for analysis. Agérideof the extraction and
purification procedure, 36 powder samples were obtained.

3.2.4. Particle size analysis and pH
Granulometric analysis was performed according to the pipette methodeaddufi

(CAMARGO et al., 2009). The analysis determines the percentdgbe coarse sand (2.00-0.20
mm), fine sand (0.020-0.05 mm), silt (0.05-0.002 mm) and clay (<0.002 mm) particlessilthe
The pH of the soil samples were measured following the protocol proposed BRARA
(EMBRAPA, 1997): 10 mg of soil was added in a plastic beaker with 26frdeionized HO, and

the pH20 was recorded after 1 hour of standing.

3.2.5.Carbon Analysis
The determination of total soil organic carbon (TC) was performed using the dry combustion

technique because carbonate is absent in Upper Rio Negro soils. The measuras taken directly
from the 18 dried and sieved soil samples and from the 36 extracted orgdtac solid powder
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samples. The amount of TC was determined using gas chromatographyaftfarination into CQ

(Shimadzu TOC-5000A Analyzer) and reported in mass percent (%C).

3.2.6. Spectroscopic analyses
Absorbance measurements of the 36 HS samples were performed in a lrizncupedte.

The FA and HA were dissolved in a 0.05 mdillaHCO3 solution at a 20 ppm matter concentration

and adjusted to a pH = 8.0. The UV-Vis absorbance was measured between 200 and 800 nm using a
Shimadzu UV-1800. Natural organic matter UV-Vis measurements exspeittra that decay
exponentially with wavelength (BIRDWELL; ENGEL, 2010a). The determirsdmeters are the
absorbance ratiosfE=3 (ratio absorbance at 250 and 365 nm) agBd{ratio absorbance at 465 and

665 nm). B/Es ratio evaluates the aromaticity and molecular size of the humic subs(@ities et

al., 2008; MCDONALD et al., 2004; PEURAVUORI; PIHLAJA, 1997). A low ratio reflects a

high average molecular weight, while/ls is inversely related to the degree of condensation
(STEVENSON,1994).

The FTIR spectra of the extracted SH were acquired in absorbance mode 22 saiyples
(2 FA and 2 HA samples were not measurable) using the Diamond Rembd Scientific ISS50~T-

IR equipment. The results were determined in the range of 4r80@ 400 cm-! with a resolution
of 4 cm®. A baseline correction was performed, and the spectra area was norrbafized the
relative peak intensity extraction. The functional group contribution topthetra was taken as the
normalized intensity at the selected wavenumber.

According to the infrared correlation table, the broad peak 3,400sassigned to the -OH
vibration of the alcoholic or phenolic groups. The band between 2,94@wd2,900 cmrepresents
the signature of the aliphatic -CH stretch of the methyl groups, whechetated to single bonds
involving prétons (STEVENSON, 1994). The wavenumber between 1,72@uedn1,660 cm are
associated with the C=0 bonds of carboxylic groups (-COOH stretch), usumglghain and oxygen
rich groups (BARDY et al., 2008; STEVENSON, 1994), that are present imdimeis in a weakly
acidified environment (4.3<pH <5.5). The peaks in the spectral range of 1,59remdue to the
aromatic vibrations of C=£;, which are more stable chains that indicate the presence of aathic
fulvic acids in soil fractions (Stevenson, 1994); in podzols this band is atsbevith 3<pH <4.3
and organic matter that accumulate$*RBardy et al., 2008; Olk et al., 2000; Stevenson and Goh,

1971). Peaks between 1,260 and 1,050 mesult from C-O stretch vibrations (ether and/or alcohol).
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Finally, the peak at 1,050 chindicates the presence of C-O in the polysaccharide forms (BARDY
et al., 2008; OLK; BRUNETTI; SENESI, 2000; STEVENSON; GOH, 1971).

3.3.Results and discussion
3.3.1. Soils horizons characterization: morphology, texture; groundwater and pH

3.3.1.1.Morphology of soils

The morphology of the P1, P2 and P3 profiles is presenté&ihure 2B. There are many
morphological similarities between the P1 and P2 profiles. The primary difsdetween them are
the horizon thicknesses, the presence of the AE horizon and the permanadigter at P2. In both
the thick podzol and the hydromorphic podzol, the Munsell color is 5YR with cdioes/eanging
from dark gray to white for horizons A to E2. The color of EBh is black and @rksreddish brown.
The organic matter corresponds to organic residues with recognizabtarstincAll; and As.. In
horizons Al1%: and Al121 and Az and Ak, this organic matter forms pellets between the granules
and sand grains or covers the grains. Organic matter films on the sarsddigappear and the pellets
tend to disappear in the leaching horizons E1 and E2. Visually, in thetm&EB», and Bhri, the
organic matter is distributed homogeneously in the form of film coatinggatié grains or occupying
the porosity. The color value gradient and the organic matter distribnttbe soil profiles reveal a
system of accumulation-dissolution-accumulation of organic matteo. Jets of horizons were
studied in the P3 profile: the solum and the granite alteration horizons. The color of the first horizon
is 5YR, and the second horizon is 2.5Y. The color value varies from very dgrkoggeay in the
solum (Al%s until A/Ep3). The color of the Bhsg horizons is black. Organic matter residues with
recognizable pellet structures are predominately between the rainesdl the horizons, and they
decrease in A/lksand tend to disappear in BisIn contrast, organic matter is dispersed throughout
the Bhs horizon; it covers the sand grains and occupies the porosity, wipastsudissolution and
mobility from the upper horizons and accumulation in this horizon. In comparisotheifhrofiles
P1 and P2, the P3 has a larger accumulation of organic matter, whichtstiggewater remains in
the profile for a longer duration. The weathering horizons have a matrix 2.5Me&ndolor varies
from light yellowish (Cggs) to white (Cg33) and without organic matter accumulation.
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Figura 3. 2: Soll distribution in relation to the topographgt aharacteristics of horizons
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3.3.1.2.Textural characterization of horizons

Texture distribution of soil profile horizons inside the texture triangle (Figure 3.3), baswvel

the data collected from granulometric analysis (Table 1), revaahtra is a very sandy pole (sandy
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and loamy sand) at the top and middle of the slope (P1 and P2) and a less sandy pole (sandy loam to

sandy clay) at the lower slope (P3).

Figura 3. 3: The United States dept of agriculture (USDA)tegilre triangle with the percent of sand, clay andrsilt
the samples

100 0

m Thick podzol
Hydromorphic podzol

® Cryptopodzol

60 40

Clay Clay S0 it

Silt clay

60

St clay ‘1‘-‘!’1‘
Clay loam -\ 70

Silt Joam

Sandy clay

30 L.

Sandy clay loam

/

20

10 L
Sandy loam

0 &
100 90 80 70 60 a0 40 30
Sand

100

In the Bh and Bhs horizons, the total sand ranges from 77.1 %g)(Bh88.6 % (Bhy). For
all the profiles, the coarse sand value is over 40.8 %, and the cryptopodzol has lower fialgéds. T
content is very low in all horizons except for BRLglr3 Cgdzand Cgds(Table 1). This amount
of coarse sand can cause these layers to have high porosity. The swersahtl and silt varies from
17.6 to 32.5 % in profiles P1 and P2 (Table 1). The highest percentage of clal prdfdes is
approximately 8.0 %, including the Bh horizons. The clay content increase shigsurface to the
base of the P1 and P2 profiles. In the cryptopodzol (P3), the fine sand and silt sum varies from 8.4 to
30.2 % (Table 1), except for the Axzand AEes horizons. Additionally, the clay content has a low

value of 1.6 % for Al2s ard AEpr,, and in the other horizons the clay content varies from 6.25 %
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(Al1p3) to 34.1 % (CgRa). There is an increase in clay content from the surface to the base in P3. In
comparison to the P1 and P2 profiles, the P3 profile is loamier (Figure 3{&ints) based on the
percentages of fine sand + silt + clay (Table 1). Due to their sizprapeérties, the silt can be an
impediment to the percolation of water through the horizons of the soilBNEM; SWIFT, 1984;
HARRIS; CHESTERS; ALLEN, 1966; HILLEL, 1980).The silt/coarse sandrésilt/CoS) can
provide an approximate measure of porosity (Table 1). For P1 and P2, the Ssti@o8hle, which
creates alternating permeable and less permeable horizons along tlee pooft3, from the surface

to the base, Silt/CoS and thus soil waterproofing increases. Thededsease in the soil porosity

from the high and middle slope to the low slope.

3.3.1.3.Groundwater variation

The fgure 3.2B shows the soil sequences with horizons and the groundwater top level in
December 2013. At that time, the soils are emerging from the driest period. The watenefyesthe
beginning to rise. Consequently, the groundwater top varies between thespiedit this reason,
groundwater was only observed in P2 and P3. In the former, the groundwater top is 55 cm deep (top
of the E2) and can oscillate to near surface (AE horizon) at the peak oinghegason (November
to July). In P3, the groundwater was assessed at 33 cm deep, but it can outcrop atitiecsoil s

The figure 3.2A shows the groundwater level in June 2010 on profiles located inilthe s
sequences close and slightly parallel to the first one. During thalpére soils are exiting the wet
season, and the water level begins to decrease. At that time, the groundwater top is afgbyatim
100 cm in E2; and at the top of horizon EZapproximately at 67 cm, which indicates that the
groundwater retreat is faster in profile P1 compared to groundwater at De@dhBewhile P2 and
P3 are always flooded.

Field prospecting showed that on December 2013, the horizons Bh, Bhs, and Cgl12of the P
and P3 profiles were slightly humid and that the Cg3 horizon was comptitelyThus, the
groundwater begins to decrease in June from the top of theaBd AE, horizons, disappearing
completely at the peak of the dry season at P1 and remaining atsthieaS&. Concurrently, in P3,
the groundwater decreases from the top ofpA1@ the top of the A/Ez horizon. In November, the
groundwater begins to rise to the top of the E1 horizon in the P1 and P2 profiléstesmches the

soil surface of P3 at the peak of the rainy season.
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This groundwater dynamic reaffirms the difference between the threeprdifi€ horizons in

P1 remain dry part of the year, while the groundwater is permaner& amdP P3. Although the

groundwater is permanent in P2 and P3, all the P3 horizons above Bhs werhduring most of the

year, which does not occur in P2.

3.3.1.4.Soils pH

Soil pH measurements refer td ibns present in an aqueous soil extract. The soil samples
pHH20 ranged from 5.18 to 3.02 (Table 3.1).

Tabela 3. 1: Textural Characteristics and pH of soil sempien

Horizon Deep Water | %Co S | %ThS | % Silt | % Clay | %Silt/ | % Silt + | %Clay+ | pHh,0

Name or not CoS Clay Silt+ThS

in the
horizon
Thick Podzol (P1)
All 0-3 D 79.1 16.2 2.1 2.55 0.03 4.65 20.85 3.02
Al2 3-30 EW 78.7 18.0 0.1 3.2 0.001 3.3 21.3 3.72
El 30-63 | EW/OW 70.0 26.6 11 2.2 0.02 3.3 29.9 4.14
E2 63-150 | EW/OW 68.1 28.7 1.6 1.6 0.02 3.2 31.9 4.66
EBh 120-150 [ EW/OW 73.0 23.7 0.8 3.5 0.01 4.43 28.13 4.20
Bh 151+ EW 70.1 15.8 6.4 7.55 0.09 13.95 29.75 3.19
Hydromorphic podzol (P2)
A 0-3 D 71.4 23.4 3.4 1.75 0.05 5.15 28.55 3.18
AE 3-19 WT/OW 79.7 17.7 0.7 1.8 0.009 2.5 20.2 3.98
El 19-55 | WT/OW 71.7 25.7 2.9 0.2 0.04 3.1 28.8 4.61
E2 55-97 P 79.8 15.9 2.5 1.65 0.03 4.15 20.1 5.00
Bh 97+ EW 61.0 27.6 3.4 7.95 0.06 11.35 38.9 4.23
Cryptopodzol (P3)

A1l 0-3 WT 65.1 24.6 4.0 6.25 0.06 10.25 34.85 3.96
Al12 3-14 WT/OW 68.9 25.3 4.1 1.67 0.06 5.77 31.07 3.36
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AJE 14-33 P 66.6 27.1 51 1.2 0.08 6.3 33.4 4.26
Bhs 33-42 EW 56.9 20.2 8.4 14.5 0.2 22.9 43.1 3.60
Col 42-52 EW 61.2 15.3 12.0 11.45 0.2 23.45 38.2 4.23
Cg2 52-100 EW 59.0 8.2 10.3 22.4 0.2 32.7 40.9 4.94
Cg3 100+ D 40.8 7.3 17.8 34.1 0.4 51.9 59.2 5.18

EW: Eventually there is water on the horizon; OWiilis®n of groundwater on the horizon; WT: water
temporarily on the horizon; D: horizons dry; P:manent water on the horizon;CoS: Coarse Sand; Ts:T
Sand.

For all the profiles, the measured b shows very high acidity and varies according to the
horizon sets: the pH does not exceed 4.00 in the A11, A12 and A surface organic horizons or the Bh
and Bhs spodic horizons in the P1 and P3 profiles. The pH is 4.23 in the hydromorphidBtwezol
In the leached horizons AE, E1, E2 and EBh, the:planges from 4.14 to 5.00 as well as in the
Cgles, Cgzs and Cg3s weathering horizons (Table 3.1). This distribution shows a positive
relationship between high acidity and the presence of organic matterargdrec surface horizons

and in the spodic horizons.

3.3.2.Carbon content of soils and humic substances

3.3.2.1.Soils organic carbon distribution along the profiles and MO structures.

The organic carbon percentages (%C) in the soil are shown in Figure 4 (dwtd Tihe
carbon content in the profiles does not exceed 15 %, and the largestiegiarg primarily in the
surface organic horizons A1l and A for all three profiles. From the A1l and A hotilzertsrbon
content drastically decreases in all profiles, reaching 0.02 % in thegf@easing again in the spodic
horizons (Bh and Bhs) of P1, P2 and P3, and reaching a maximum of 12.4 % in Bhs. buttiesing
horizons, the carbon percentage varies from 3.94 to 1.15 % and decreases fsota Cgds.

In the surface horizons A11, A12 and A, of the three profiles, the pellet staiaterpossibly
associated with the production of primary carbon due, to rapid organarmdtich tends to decrease
in the albic horizons with the solubilization of the organic carbon thahaebilized and later

accumulated in the deeper horizons Bh and Bhs. In these accumulatiomres;utiuvial organic
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matter is found occupying the porosity and the surface of the grain surfacdse @hdr hand, the
accumulation of carbon corresponds to higher clay percentages in horizorisdhd Bhs. In P3,
the %C is globally greater than in the P1 and P2 profiles; however, theasecdn Bhss is
accompanied by an increase in the clay quantities and a deanghg porosity, which can prevent
OM penetration. These horizons possibly function as a sieve assembhgleathie fractionation of
the OM and allowing only the smallest molecules to pass through.

Thus the carbon distribution associated to the way MO is distributed thiwutirée profiles
(pellet, OM layers above the grains, OM filling the pores) reaffthreagxistence of the accumulation-

dissolution-accumulation organic matter dynamic observed in the field.

Figura 3. 4: Distribution of C in soil (bar left scaledad in humic substances (line, right scale)
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3.3.2.2.0rganic carbon of extracted FA and HA.

The extracted HS carbon contents are presented in Figure 4. For tha ¢iites, unexpected
values under 30 % carbon mass were determined for FA. The discrepancyldaenesgbon content
of FA and HA is likely due to a non-organic contamination during the ditregrocess because the

FA carbon content unexpectedly follows the same trend as the organic icatt®horizons (Figure
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3.4). Except for the P1 profile, no quantitative information was extractedtfrese data. However,
a higher FA carbon content is observed for thepAhbrizon (28.0 %C), decreasing until thepE2
horizon (13.1 %C) and finally reaching 23.8 %C at theiBlorizon (Figure 3.4A).

On the contrary, the HA carbon content in P1 and P2 does not depend on tae=mwil
content (Figures 3.4A and 3.4B). For HA, %C remains constant frora1 1.4 %) to Ed; (42.3
%), decreases to 26.1 % atpg2and finally increases again for EBH{35.0 %) and Bhu (40.9 %).
The same pattern was observed for the P2 profile, with higher valubs,d88.0 %) and E& (40.0
%) and lower values at B2(25.0 %). In the P3 profile, the carbon content values are low ranging
from 12.5 % for Algsto 0.2 % for A/les Once again, these low values are likely due to mineral
contamination, and only qualitative information should be used. However, thersbelow the
Bhses horizon followed a trend of decreasing percentages up to the baseoiftlee(Cglrs 3.9 %,
Cg231.1 %, and Cgz 1.0 %).

These results are at the lower limit of the range variationctegefor humic substances
extracted from soil (LEGROS, 2012). The average %C found in humic substancegofiaois,
according to Legros, 2012, is 56 % for HA and 46 % for FA while Bravard and RR§0), indicated
that the %C of the humic substances in the podzols Amazonia soilsramge0 %C for HA and 43
%C for FA.

3.3.3UV-visible spectroscopy: indices2fEz andE4/Es
The E/Ez and B/Es ratios for FA and HA are presented in figure 5. In this figure, the

relationship between thexlEz and &/Es ratios initially defines 2 data sets that clearly separate HA
from FA. The first, to the right of the graph (group 3), represents HA for mose¢ sathples in the
three profiles except for the horizons A1and As.. The second set (groups 1, 2 and 4), to the left of
the graph, represents primarily FA for most of the samples in the three profiles excepCigishe

CgZrz and Cgdzsamples.

Figura 3. 5: E2/E3 and E4/E6 ratios for the fulvic and humiit extracts and their respective distribution amoeg th
soil horizons and the group 1 (red, plain) 2 (red, dashe@))aék(dashed) and 4 (black plain) representing zone of
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similar UV-Visible absorbance properties.
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The lower left corner corresponds to highly aromatic and condensed orgapicwuia with
a large molecular size ¢fE3). The right upper corner corresponds to low aromatic and low condensed

organic matter with a smaller molecular size/ig).

Group 1, containing only FA (Figure 3.5, red line, plain style), is defindddhy aromatic
and highly condensed samples. This group contains the E horizons for the P1 and P2 profiles. These
horizons contain sandy texture, pH between 4.2 to 5.0, very low carbon content (0.005 td CY %
and they are eventually affected by groundwater fluctuation.

Group 2 (Figure 3.5, red line, dashed style) contains only FA samples frdme allofiles.
These horizons have a sandy texture, except fop£2Gt23 and Cg3s, variable pH (3.19 to 5.18),
low to medium carbon content (0.29 % C to 6.17 % C) and they are temporally affected by
groundwater fluctuation. It is defined as aromati¢e/Ek < 5) for group 1 with intermediary

condensing characteristicsa(Es < 4).

Conversely, group 4 represeird and HA (Figure 3.5, black line, plain style). In this group,
FA occurs only in the Cgg3 Bhsz and Blwp2 horizons. In the Cgz and Bhssz horizons, FA is less
aromatic compared to the FA of Bhwhich has aromaticity values similar to the group 2 sample.
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FA in all these horizons are as condensed as the FA in group 2. Tire t@x and carbon content
do not have positive relationships with the aromaticity and condensationoifimeon characteristic
of the group is the eventual presence or absence of water in the horizons.

The Alk;, Allpz and Ae horizons, have FA values with larger condensation variations in
relation to B/Es, and they are out of groups. Thex/orizon is less condensed and less aromatic,
while Allps is highly condensed and less aromatic. Thus,pAtbntains FA with intermediate
characteristics betweerrfand Albs They are sandy horizons with a pH value of approximately 3
and a medium to high total soil carbon content. Except for the temporarysaaieation of Algs,
Allp; and As; are dry for most of the year.

In general, FA has a high molecular weight structure with a range ofaticdyn values
(groups 1 and 2)'he FA from horizon E seems to be located in the high aromaticity(Eofig <2).
All present a homogeneity concerning the molecular condensation fromstBe iBdex. This
behavior in the analyzed soils may be due to larger chain structurgsrbere resistant to the
environment since most of these layers are eventually to frequeatity saturated. The leaching
mechanism could be responsible.

FA are more soluble than HA and so transported inside the soil profilematenreach their
layer. The only FA moieties that remain in the solid phase arditfiy condensed, i.e., more
hydrophobic, moieties that are not transported by free Waisrcan explain why the remaining FA
present dow E4/Es index compared to HA. Canellas et al., 2001 found that FA tend to form intra-
and inter-molecular hydrogen bonds, and this behavior may be responsible fafHevato values
byincreasing the chemical bond condensation. The HA extracted from the shiliesthaw a large
variation of B/Es index, i.e. condensation, and a fine band of aromaticity index. Only the superficial
horizons such ass escaped this tendency with a lower degree of condensh#&oause this pedo-
environment of surface receives fresh organic matter permanently. érhibrezons, including Alsh
and Alks this behavior is determined based on the low aromaticity.

In group 3, from right to left (Figure 3.5), the horizons of the 3 profiles form groups of HA
that have condensation indexes/HEg) very close to each other. Except for théEpz and Ebo
horizons, the horizons in the P1 profile have afE&index above 8 and those of P2 and P3 are
between 5.8 and 8. The Adland AE> horizons have an4Hs index of less than 5 andX.Mostly

independent on the texture, carbon content or pH, group 3 seems to depend on waiszillabin
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as well as the water presence, either permanent or not, aloBgptiodiles horizon§ hus, the P1
profile has higher indexes and therefore has less condensed HA with mediwati@ipcompared

to P2. The podzolized horizons of P3 have indexes similar to P1, which aremheituated in
extremes with respect to the presence of water in the profile. For P2Att@ndensation is low, and
the aromaticity is also lowThe related horizons are under temporary to permanent water action
(Figure 2). The horizons Cgd Cg23and Cg3z (group 4) have high condensation with aromaticity
slightly similar to P1, and these horizons are may or may not be sattegated during the year.
However, these horizons have the highest clay content of the 3 profiepresence of clay possibly
protects HA from humification through the formation of clay-organic complexgsh may explain
the higher condensation and poor aromaticsievenson (1994 xtates that humus can resist soil
decomposition due to physical protection through clay-mineral interadtiabgorm claymetat

organic or clay-organic complexes; the latter is formed via hydrogen bonds.

In previous studies near Manaus Bravard and Righi (1991),4ke fatio was measured for
surface and Bh horizons with HA values of 5.5 and 5.0 and FA values of 7.0 and 6.5, rdgpkrctive
Chen et al., (1977), the measuredHg ratio for podzol extracted humic and fulvic acids was
approximately 7.0 and 8.0, respectively. For extracted HA from Orthic Podzoinma@g, the value
ranged from 5.1 to 10.2 similar to Mafra et al. (2007). This study determinedlf@sva the thick
podzol of 4.0 to 2.0 for the A11 and Bh horizons, respectively, and 5.0 and 8.0 for humic acid. If the
HA values are consistent with previous studies, we observed a disgrépathe extracted FA. The
E2/E3 ratio was used principally on aquatic organic matter studies. \Reurand Pihlaja (1997)
found for HS in natural waters values between 3.9 to 4.3 for HA and 3.7 @u& &nd Jon Chorover
(2003),measured the dissolved organic matter of EUA soils with higher vadeeen 6.1 and 10.3.
Considering that these studies were performed for aquatic HS, the akSagdue of the soils
studied was approximately the same (0.75-11) without considering the diffetestvesen the

fractions.

In general, terms, the UV-Vis results showed that, in this study, the extracteal/€ a high
condensation degree and higher aromaticity index and that HA have atowensation degree and

a variable aromaticity index.

3.3.3.1.Distribution of condensation and aromaticity characteristics along the prsfile
The clear difference between FA and HA for aromaticity and condensdiscussed in the
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previous item, readily visualized according to their distributions of tbxpg in theifjure 5. On one

hand it shows clearly the difference between the two fraction (FA and HA), but on another hand it is
less clear to understand evolution of condensation and aromaticity amgdfiles. For this, the
figure 3.6, shows the trend variation along the profiles. For the FA the condensation and aromaticity
tend in decreasing from thick podzol to cryptopodzol (considering only the podzolizednisooiz

P3). In the Cg layers the condensation is greater than aromaticitythie grofile. The tendency of

HA is the increase of condensation and aromaticity from P1 to P2, dedr@ase from P2 to P3
(considering only the podzolized horizons of P3), the horizon$£§H23 and Cg3s have the
highest condensation and the lowest aromaticity of all the profiles. @lmedifference between the
three profiles are the transition from thick podzol, of sandy texture, to crypwpodmerately
clayey, and, at the same time the passage from pedoenvironments colestemtly wet during the

most part of the year, in the same direction, except fop£-Gbh23and Cg3as

For the FA the condensation and aromatici#tgras to be dissociated from the texture in the
profiles P1, P2 and in the podzolized horizons of P3. In the Cg layers ybg t#ature and the drier
environment are determinant for the increase condensation degree botHA/trause it protects
the molecules to the humification (STEVENSON, 1994), also explainimgtie lower aromaticity
of FA and HA of the Cgds, CgZ3and Cg3s For the FA in the podzolization environment with more
sandy texture the absence or eventual either temporary presencemfhaatan important role to
play for condensation and aromaticity degree. The HA, with the charactelests condensed and
more aromatic, it is separated from the texture in P1, P2 and in thelipedzorizons of P3, but it
is associated to temporary presence of water related to the astijedundwater level. Thus, in the
scale of the soil sequence, the condensation and aromaticity of theréldptemore intensely in the
dry environments of the podzolization horizons. While for HA, in the scalbeokaoil sequence,
condensation and aromaticity is more intense in a temporarily humid environment, thkzptida

pedoenvironments (Figure 3.6).
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Figura 3. 6: Distribution to (#Es)/(E4/Es) ratio in soils profiles in Fulvic acid (A) and humicic (B)
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The FA and HA condensation and aromaticity distribution between theosons is more
complex vertically, as shown in figure 3.6. The relationship betwedb2He3 ratio, E4/E6 ratio and

the Silt/ Cos ratio (texture) are presentedguire 3.7.

Figura 3. 7: The behavior obfE; ratio, E/Eg ratio and the Silt/ Cos in FA and HA different profiersd soils horizons
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Dry environments are decisive for the lowefHz and E/Es ratios of FA in podzolization
environments on the sequence soil scale. The P1 profile is generallgomoensed and aromatic
than the other profiles; it has dry horizons for most of the year (July terimer). In June, the
groundwater in P1 begins to lower and November begins to ascend. This zoseillating
groundwater level for EL, E2r1 and EBl: provides singular characteristics to the horizons: more
leached relatively with high pH values and porosity, and the testacteristic is variable between
the horizons (Table 1- Silt/CoS ratio). Figsi8e6 and 3.7 show that the f&1E2>1 and EBl1 horizons
have more condensed and aromatic FA, exceptrEBVhich is less aromatic than the first two
horizons. This indicates that the molecular size may be higheriraBd E2: and slightly lower in
EBhp1. The Alk; and Al2; horizons receive fresh organic matter from litter and has an average
condensation and aromaticity degree, whileBtas slightly higher condensation and aromaticity
compared to the last two (Figures 3.5 and 3.6); this indicates thabtbeular size in Bk and E21.
Allp; and A12: have medium to high porosity while Bh is more impermeable dueheh&jlt/CoS
(Table 3.1). The condensation and aromaticity of FA begins to rise iaothe of oscillating
groundwater. In the dry and low porosity environment, the Bfomaticity and condensation degree
decrease. The horizons that receive a fresh OM supply tend to have domgensation and
aromaticity relative to the others.

Profile 2 is less porous overall (Table 3.1), and it is more humid thanoBtLahthe year
because the water is temporarily in the above:Bbrizons. Thus, the Azand E2> horizons have
more aromatic and condensed FA in the profile, while the Bbrizons are slightly more humid and

less porous than in profile 1. Additionally, FA is slightly less condensetbared to E2 and less
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aromatic than the # horizon. The surface horizon is an exception; it is more aromatic than
condensed, and it is the drier profile. As observed in the P1 profile, therelatianship between
condensation and aromaticity with lower porosityfEdnd E2»), indicating that the condensation
depends on the groundwater fluctuation, and the aromaticity depends only on thg pobdryness

of the environment (Figure 3.7).

For groups 2 and 4 in figure 3.5, the horizons that belong to profile 3 are indixedual
relative to their behavior. This profile has less condensed and lessiardi®aand it is more humid
and less porous when compared to the other profiles, except for the Bh¥s Cgzdz and Cgads
horizons. Additionally, the Clay/Silt content in P3 is high in thelBhad Cgslayers, and the lower
porosity is confirmed by the high Silt/CoS ratio (Table 1). The Silt/CoS ratio showhehadrosity
in Bhszand Cg2sis similar while for Cgazit decreases drastically, making these horizons dry most
of the time or permanently dry in the case of gg¥igure 3.7). This porosity decrease is also
observed from A/Esto Bhss, but these horizons are water flooded all the time. Between the surface
horizons and A/Es, the porosity increases constantly (Figure 3.7). Hence, it is believed that both the
Cglrs and Cg3ds horizons and to a lesser extent theBlh®rizon, constitute texture obstacles. The
Allpz surface horizon has lower aromaticity and higher condensation, possibly diee to t
contribution of fresh MO. In A1, the behavior is the opposite; the condensation is lower and the
aromaticity is higher due to the lower porosity. In the zone of groundwatiiatien for A/Eps, the
porosity is smaller which causes the high aromatization and condensitlan FA via solubility
selection. In the Bhs, although the horizon is less porous, it retains moisture becausabitis
Cglr3 (12 % silt and 11.45 % clay), which leads to less aromatization and condems&fA. This
distribution of FA aromaticity and condensation depicted in figure 7 indittzdiethe lower porosity
in the groundwater oscillation zone positively influences the higher cortalenaad aromaticity of
the FA in the P3 profile. However, it is a secondary role in the aroriatizznd condensation of FA
in high humid environments. In dry environments, their role is important, leading to a highiaromat
degree for FA.

The HA distribution along the profiles is different compared to FA (Fi§usg Due to the
high aromaticity, the HA in all the horizons of the P1 profile hasmadgeneous distribution, but
there are few differences according to the porosity in the profile. Imtfigons with higher porosity
(Al12p1 and EBIlry), the aromaticity is slightly lower than in the other horizons, and bothdmriz
remain dry or eventually have water (Figure 3.7). Although the aromatidi® is generally higher,
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the aromaticity distribution of HA is similar to P1. In all the horizohthe three profiles, except in
the Cgbs Cgaz and Cg3s horizons, HA is more aromatic and less aromatic in the low porosity
horizons independent of water saturation, indicating that low porosity retaigsr laromatic
particles, while the smaller particles that are slightly &ssnatic can migrate through the smaller

pores and are distributed to the subsequence horizons according to size.

In the horizons with the Cg layer, the aromaticity is approximatelysémee. The small
increase in humidity for Cg3 due to the textural obstacle in Gg8loes not significantly influence
the aromaticity variation. The Cggland Cg3s horizons are drier and have lower porosity compared
to Cg23 and the aromaticity decreases relative to horizons abowues Bfigs indicates that the
molecules that can pass through the®ire very small HA molecules, which were fractionated by
porosity.

The condensation degree of HA is lower in all the profiles and appears to not only depend on
porosity. In P1, P2 and the podzolization horizons of P3, one can note that therfdghgation in
HA depends more on the humid pedoenvironment and is independent of the porbseitghailh the
profiles there are small porosity variations: in the P1 and P2 prdfikess more condensed in the
environment with less porosity, both in the dry pedoenvironmentygpdtd intermittent water such
as E2;, Bhexand Aldbs More condensation occurs in environments with higher porosity and
intermittent water (Akz) or permanent water k2(Figure 3.7). Except for the horizons Alhnd
Allps and Blpy, the other horizons have groundwater oscillation levels that may expkihigh
condensation degree. Due to the upper leaching in this zone, the pdréitke®tless condensed and
smaller can be mobilized when the groundwater declines and accunmulliesubsequent horizons

that have lower porosity.

Concurrently with the aromaticity decreases in the Cg horizon lapers$jA condensation
degree in the same layers increased significantly inr£ghd they sharply decreased in &gnd
Cg33accompanying the reduction of humidity and porosity. In this way, HA pardotesiobilized
from Bhesthat are more condensed and larger than those accumulating-tht@g-smaller particles
are fractionated between Ggand Cg3z The values of the condensation indexes are very close in

the last two horizons and have greater resistance to humification.

3.3.4. Infrared Spectroscopy in humic substances
The analyzed spectra acquired for the HS were typical of those found forgaoiic matter

81



(BARDY et al., 2008; OLK; BRUNETTI; SENESI, 2000; STEVENSON; GOH, 1971) (Figu8 3.

Bands intensty = 1000 (vm )

Figura 3. 8: FTIR spectrum of profile 1 humic acid samptestzand of interest
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Figures 9A, 9B, 9C, 9D, 9E and 9F show the normalised intensity contribution of the
selected functional groups among the soil horizons, for the 3 profiles P1; PBdadHA
and FA (Figure 3.p

Figura 3. 9: A, B, C, D, E and F: Distribution of wavelengtiensity, selected in soil profiles and horizons
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The highest normalized absorbance for HA corresponds to the polysaccharide group (1,050

cm?) in all horizons of all the profiles, except for thepERorizon. Figure 3.9 shows the inverse
distribution of the polysaccharide function intensities in the two hunaictibms, and that this
functional group is present in all horizons of the three soils. Hergertantll (1953) and Zech et al.
(1997) showed a loss of polysaccharides and phenolic components during the homificatess,
and the modification of lignin structures with an enrichment in recaititnon-ligninic aromatic
structures. However, the lignin FTIR spectra do have high contributions t¢Cth€s) and
(ether/alcohol) bands (HERGERT; KURTH, 1953; ZECH et al., 1997). Although thresitytef the
1250 cm' band is as high as that of the polysaccharide group, the band at 1,596 retatively
lower for HA, whereas the FA bands at 1,050camd 1,250 cm are lower and the band at 1,590
cm! (C=Cy) is higher. This inverse cogfiration between FA and HA confirms the different
behaviors of the two humic fractions and shows the transformative dynamicpndaace with the
apparent weak condensation measured for HA using the UV-Vis index, whiered&A this

configuration reveals the consistency with the condensation measured using the UV-¥is inde
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The 1,250 crh(stretch C-O, ether/alcohol) HA wavenumber has the second highest
value of all the profile patterns. In profile 2, this band has the loimestsity (ABS<0.1) in all
horizons. For FA, normalized absorbance are lower than for HA in this functional group. Among all
the profiles, the highest value (ABS=0.19) of this function for FA is in the dwoi®,, while the
lowest intensity is approximately ABS=0.05 and occurs in theg, Ellr» and Cg3s horizons. For
groundwater presence in the profiles, the hydromorphic podzol remains drier than RBingdnat
the constant presence of water in the profiles does not interfere wifsthieution of the functional
group ether/alcohol. However, considering that FA and HA have different beh@®&isgs tk
lowest intensities for both FA and HA, except for FA in the Aorizon. Concurrently, P1 and P2
have the lowest Silt/Cos of the three profiles, except for the horiZwsHEhei, Arz and Blpa. The
Silt/CoS ratio is also low in Alz However, the dynamic of groundwater variation in the dry and
humid period showed that the horizons up to:Bin profile 1 remain wetter during the year.
According to these singularities, the distribution of the ether/ald¢ahction in the profiles is directly
related to the water level variation in the periods of elevation anerilogvof the water table level,
juxtaposed to the efficiency of water percolation (Silt/CoS) in all thre@les. As a consequence,

HS containing such a functional group can be solubilized and mobilized frono8teorous and
permeable horizons in the groundwater zone and are immobilized ingtpotesis horizons, slightly
richer in fine matter, silt and clay, which are supplying metaliee complexed. In fact, ether/alcohols,
esters, diketones and aldehydes are recognized to be very soluble, have high mobility aedare abl
form organometallic complexes with Fe(ll) or Al(IHOLM; O’CONNOR, 1971).

The third highest absorbance is represented by wavenumber 1,34Cs@)) in all the profile
horizons with the HA extract. The horizons®BfABS = 0.27) and Bk (ABS = 0.26) have a higher
intensity and it is possibly associated with the organic mataltiey from the illuvial accumulation
as shown by the thin layer of organic matter coating the quaitzsgrad occupying the porosity.
The A/Eer3 horizon has a lower intensity (ABS = 0.1), the most leached horizon of the ,paofile
Cglesand Cg3sare less permeable. Conversely, the absorbance values of {@rEA are higher
compared to HA. The highest absorbance (ABS = 0.31) occurs in the #dr#&zon, where organic
matter forms pellets. The lower intensity is inpBhThese data and the analysis of the histograms
(Fig. 9) compared to the textural data and the groundwater dynamicserntehe larger intensities
of this functional group are not necessarily associated with the horizansatieahigher silt + clay
content and to the permanence or not of the water in the horizons. Thestgsaatk content, and
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especially the coarse sand and the lower Silt/CoS ratio (Table 3.83pisated with high porosity
in the soil horizons. It is observed that there is a positive oakdtip between the porosity and the
values of the intensities obtained for the aromatic functional group, both FAAsrekcept for FA

in profile 2. Comparing this tendency with the/l ratio results (Figure 3.5), the more porous
horizons retain the larger particles of both FA and HA. Thus, it is podsildeiggest that HS
containing aromatic groups can be distributed in the profiles accoadihg higher or lower porosity
of the horizons, promoting fractionation of the two HS fractions, which is in agreéewtt results
obtained by Bardy et al. (2008). In this study of Amazonian Podzols (BARDA.,e2008),
determined that this function may be in OM as coarse granules (polymorikis)deling the pores,
or it may be in the Bh horizon as a result of either in situ humificatioiis horizon or by illuvial
accumulation since low molecular weight OM can migrate and aceteniul less porous horizons,

such as Bh.

The peak intensity represented by the carboxylic group (C=0) (17201660 cm') has an
absorbance of 0.26 Bhps, followed by 0.25 in Bk P1 and P2 profiles have greater intensities
whereas the P3 absorbance is lower. In the latter, the highest abeagb@siin Bhss followed by
Allp3 (ABS = 0.19), while A/les and Cg2s have the lowest values (ABS = 0.1). FA in profile P1
has the highest intensities, and Ai1Ras the higher absorbance (ABS = 0.31). The lowest intensities
are in the P2 profile, with the smallest in the-Bhorizon. Therefore, FA has the highest intensities
of carboxylic group compared to HA. The distribution of this functional group alonpgrdiie is
approximately the same as the aromatic group, and seems to haveive pektionship with
porosity. However, such a relationship is not very clear since OM,mricarboxylic function, may
be more soluble than the aliphatic and aromatic groups. Additionaltylikely mobilized more
easily to lower horizons in the profiles, in which the hydrogen of the OH graubecaubstituted by
a metal ion available in the fine matter to form carboxylabe. [atter can accumulate in the horizons
due to chelation forming complexes with aluminum (Bardy et al., 2008) dihe great affinity of

this functional group with this cation (Elkins and Nelson, 2002).

The intensities of aliphatic group (2,940°¢m2,900 cmt) are low for both HA and FA. For HA
the highest absorbance of the aliphatic group is approximately 0.05 in the hakizbnsAl2p,,
EBhp1, Apo, AEp,, Elpy, Al2p5 AlErs Cglps, and Cg2s while the smallest (ABS = 0.01) is in A
and Cg3s For FA, the greater intensities are in P1 with ABS = 0.11 fei, Bile the smaller are

in Elp2, Cglrs, Cgs and Cgds According to Bardy et al. (2008) in the studies of Amazonian
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Podzols, the OM has a polymorphic structure, containing residues and doyn@sl with aliphatic
functions juxtaposed to the quartz grains. Bardy’s study indicategshieaOM with aliphatic
functions derives from accumulated residues and poorly palatable rooteafndohstituents.
Moreover, the aliphatic functional group seems independent of the presematenf Bravard &

Righi, (1991), argue that the low clay content of podzol profiles incrélasebility of compounds

with low molecular weight to be removed from the surface horizons. Addity, large molecules

and plant debris can be retained in the surface horizon of the podocytes. Thus, it is proposed that the
organic matter with aliphatic functions can migrate more easithanstudied profiles due to the

higher porosity of the coarse sand. Migration stops at the clay horizons tivegneemain, which

leads to an increase of the aliphatic FTIR band contribution.

The coniguration of the normalized intensity distribution of the functional groups, shown in
figure 9, revealed few differences in the distribution of the functional gfoupgher HA or for FA.
However, the profile 2, for both SH, is the most different, possiblyeglo the low amount of C
extracted for FA, which may affect the FTIR response. Comparingghiees 3.9 and 7, it can be
seen that the lower-EE3 index does not necessarily correspond to the higher intensity, for example,
for the band at 1,590 cm -1, in the same way, as higher condensation (E4/86dewpt correspond
to the lowest intensity of the band 3,440-3,100 cm 1.

The analysis performed by profile, was able to interpret that the difference in the
intensities distribution of the functional groups for HA and FA, expressed in figure 3.9.Which could
possibly arises from the fact that the intensities for each funttooap refers to the quantity, and
less to the singularity expressed due to the higher solubility of FAnnparison to HA. That is, the
differences in the horizons distribution of functional groups possibly follows rbatey or less
solubility of SH, together with the characteristics of the functiomaugs compared to the

pedoenviroments of soils horizons.

3.3.5.Statistical considerations
The figure 3.10 present the results from the Principal Component Analysis (PCA) to the

profile soil horizons, according to the distribution of HA and FA with the FTIR nlizethintensity,
UV-Vis ratio and Silt/CoS ratio. The most representative PCA axes @PTRB2 explained the
variance of 54.4% as shown in thgure 3.10A.
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The first quadrant (left quadrant north (N) has functional groups with wavenumber ranges of
2,940 — 2,900 cmt (-CH aliphatic) and 3,443,100 cmt (-OH), and these vectors distance
themselves from the central axis of the two dimensions. The left squiadh (S) has the functional
groups with wavenumbers of 1,590 ¢C=C aromatic); 1,250 ci(C-O ether/alcohol);1,050 ctn
(C-O polysaccharide) and 1720 - 1660c(@=0 carboxylic) associated with the/Es ratio, the last
distances from the central axis. In the left quadrant S are the functional groups in the bands 1590 cm
1 (C = C - aromatic); 1,250 ch(C-O-ether / alcohol); 1,050 cih(C-O-polysaccharide) and 1720-
1660 cm! (C = O-carboxylic) and FEs, in which vectors also distance themselves from the central

axis. The S right quadrant group is composed of the hitffs Bnd Silt/CoS ratios.

The functional groups (-CH aliphatic) and (-OH) have no direct oslshiip with the
aromaticity (E/Ez) and horizon porosities, while they have an inverse relationship with thefalc
groups formed by (C=C aromatic), (C-O ether/alcohol), (C-O polysaccharide), (C=0 canbaxglic
the condensation index, in the left quadrant S In turn, the latter functional gnairgains a positive

relationship with the aromaticity ¢fE3) and porosity of the horizons.

Figura 3. 10: Principal component analysis loadings fdr &l PC2 of the functional groups characteristics
distribution of E2/E3 and E4/E6 ratio and porosity charastiesi (Silt/CoS ratio) (A) and the points projectionRRA
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On the data projection, five groups have a good delimitation accordingitsithdarities
(Figure 10B). Out of these groups, 5 soil horizons renfiaum;are FA (Et1, A/Eps, Cgzzand Cgads)
and one is HA (Cg3). Two horizons are close to the groupsipEHRA close to group A and Az
FA, close to group D. Cg3AF is not too far from groups D and E. Gg&F is in the extreme SE
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of the right south (S) quadrant, while GgBlA is in the left quadrant S, not too far from groups A
and B.

Group A contains FA and HA. Most samples are HA, and these saangldocated around
the center of the two-dimensional projection extending from theueftirant South (S) and the left
guadrant North to the West direction (W). The horizons with FA are diffuse igsade A. Group
B has only HA and is located in the S of the left quadrant near groupexterdis to the left quadrant.
Group C is situated at the North left quadrant and contains only FA. The dpoapd E are the
furthest from the central axis and extend in the eastern direction of the qu&dralarities seem to
exist between some horizons that occupy the same group and between sboreéhs with HA
horizons that cluster in group A.

The fgure 3.10B reflects the original variable influences of the main compoognise
group’s delimitation. The greatest influence on groups A, B and C, for both ldA-Anis exerted
by the functional groups and by the condensatiafE¢Eand aromaticity (EEs) indication.

The HA of group A can be divided in three subgroups with the following behavioupes
subgroup (N left) gathering A1 Apz, Elpy, and A/Eps which is directly related to an intensity of
functional groups (-CH) and (-OH) and negatively correlated to theblesidrom left quadrant S.
The second subgroup (left S) has only one horizon {A1R is influenced by the functional group
and B/Es index from left quadrante S and secondarily by thiefindex and porosity (SiltCos). The
third subgroup is located in the left S near the axis origin. It is form&lrs, Cga s Elrrand E21
and they are undenfEs index, intensity of functional groups (C=C aromatic, C-O ether/alcohol, C-
O polysaccharide and C=0 carboxylic}/fs index and porosity influence. In this subgroup are the
horizons whose HA has greater condensation and aromaticity; this ACksianadfers to

interpretations made from UV-Vis results.

In group B (Al21, EBhey, Bheiand Ally), left S, only HA is present with a large influence
of E4/Es ratio and intensity of the functional groups (C=C aromatic)O(€ther/alcohol), (G
polysaccharide) and (C=0 carboxylic) and secondarily by the variable from right quadrant S.
FA present in group A has different behavior, according to their positions gu#arant.
Horizons Al12;and A form a subgroup that is slightly influenced by the variables (-Cighatic);
(-OH) and the functional groups andls index of the left quadrant S; in fact they are horizons with
low condensation (highEs index) and with high intensity (-OH) and (-CH), slightly high. The
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horizons Bhszand Cgésare close to the origin axis and, unlike the two previous horizonshigive
condensation (low #E&s index) and high aromaticity (low-fEs index), having low (-OH) and low
aliphatic intensities, as well as high intensities of the foneli groups (C = C - aromatic); (C-O-
ether/alcohol); (C-O-polysaccharide); (C = O-carboxylic acid). The hor&bgs close to the origin
axis, are in the right quadrant S, and correlate directly with the draiat index (B/Es) as well as
with the porosity (Silt/Cos), and less strongly with the variables ofethguadrant S. In fact, this
horizon presents high porosity and the FA is condensed and aromatic.

For FA the absorbance of (-OH) and (-CH) have a positive relatiomsthipthe horizons
present in group C (B2 Al2pr3). The Blp: and Alks horizons, although present in group A, are
close to group C. All the samples have a high condensation degree (lo\Eer &hd intensity
moderate intensity of (-OH) and (-CH aliphatic) thus constituting an apparent ccibradi

The groups D and E, and the horizons distributed sparingly in the right quadradtSNa#l
representing FA, have aromaticity»(Es) and porosity as the major influence on them. In fact, the
horizons of group D and the ones inpE1Ar3, Cg3ps closer to the vectors s and $t/Cos, are
very aromatic, but have small or large porosity, this fact proves tardatl A3, and for the horizons
of the group D that porosity plays a secondary role in flavoring in occasiotehporarily water-
soaked environments, and for Gg3which is very close to the two vectors, that poorly porous
pedoenviromentead to an increased aromatization in dry environments as seen bysUgsults.
The horizons of group E, and the horizon gzgurther away from the two vectors/Ez and Silt/Cos
and the vectors for the variables of the left quadrant N and S, are in pbssibtl pedoenviroments
are little aromatic and have both large and small porosity, beingeimdeéd by the variables
considered in the PCA.

The analysis on the main components highlighted the importance ofohaicgroup
intensities on the delineation of the groups described above, as wetlipdmstzed the direct
relationship between the 4#Es index and the left quadrant functional groups. The horizon
distributions in two dimensions indicate that FA and HA are different and it emphd®z8¥ tVis
results. In fact, the HA are agglomerate within the groups, and the hoaimofse to each other
due to the large similarity between the HA fractions. This behavior does not occiy; fehiEh are

widespread, showing FA fraction variability.
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The horizon distributions in two dimensions indicate that FA and HA arerdfiffend it
emphasizes the UV-Vis results. In fact, the HA are agglomerate withimdbpsy and os horizontes
are close to each other due to the large similarity between as fracdes de HA.

This behavior does not occur for FA which are widespread, showing the FAorfisact
variability. By UV-Vis analyzes FA is more condensed and arontadic HA. The ACP, however,
points out that the FA of most horizons (10 horizons) is aliphatic and hydrophtlharacter and it
has a negative correlation with theHs and E/Es indices. Six (6) horizons have FA that shows a
positive correlation with the 4Es and E/Es indexes and with the porosity, as they present
predominantly aromatic and carboxylic character and secondarily chadatéemined by ether-
alcohol and polysaccharide functions. From this, and in addition to the intexqurstalitained with
UV-Vis and FTIR, it is possible to evaluate that regarding distabutif the most aromatic and
carboxylic FA in the horizons of the soil profiles, the greater porosity is fuoedgl in order that
these FA fractions migrate and are immobilized to subsequent horizongoless, and with

availability of metals such as Al.

The FCA shows that HA is primarily determined by the polysaccharide, etbehol and
aromatic functions (11 horizons), and secondarily by the aliphatic and OH functions (5 horizons), as
well as the 11 horizons have a positive correlation witBsEindexes such agfEz and with porosity.

Due to that, along with interpretations obtained from the UV-Vis ari® Elata, the porosity and
sheet flotation in the horizons is determinant for the distribution of the ldéntaining

polysaccharide, ether-alcohol and aromatic functions. Possibly the eeldfluctuation as well as
the availability of metals, such as Fe, in the horizons, is detemtniswad more important, for HA

distribution with predominance of ether and alcohol functions.
3.4. Conclusions

The methods used proved to be efficient in reaching work objectives as well as theadtatist
treatment allowed to refine interpretations. In this way, it was possiblataatarize the two humic
fractions, and to show the difference in behavior between the both, also ity sigihtharacteristics
that determine distribution rules of the FA and HA, either in thessgjlience on the slope or in the

horizons of the soil profiles.
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For both HA and FA the average % C for the humic substances is lowdhébmit of the
expected soil. The FA is more condensed and aromatic than HA. The firblasrE) horizons
containing FA with hydrophilic and aliphatic character, and 6 horizons with chadaditeed by the
aromatic and carboxylic functions. The second one has 11 horizons with chdedicted by the
polysaccharide, and ether-alcohol functions and 5 horizons with aliphatic and hydropdiacter.
These characteristics reveal a strong difference between FA Andnd define, along with the
characteristics of the pedo-environments, the behavioral differencetoHSotSoil morphology,
texture, porosity (Silt/Cos), the presence or not of water in the horizons of soéqraind the
fluctuation of the soil bed in the soil are the main charactesisti the soils that interfere in the

behavior of the two humic fractions throughout the year.

Such pedological characteristics also define the FA and HA distribuliesin the sequence
of soils on the slope, and in the horizons of soil profiles. The morphology, texturthegmesence
or absence of water in these profiles react to the distribution of both humic slope fractionthevhile
porosity and the flotation of the sheet in the horizons interfere iskrébution of FA and HA in the

horizons of the soil profiles.

In order to the FA the condensation and aromaticity to decrease fromPiildol to the
cryptopodzol of the slope base, following the increase of water presencepirofifes during the
year, without considering Cg horizons that have high condensation and aromaticity, duewethe |
humidity of the horizons due to low porosity. The aromaticity and condensa#dhiatreases from
Thick Podzol to Hydromorphic Podzol, and then decreases to Crytopodzol. Thigucatidn
depends on the temporary presence of water in the Hydromorphic Podzol. Cg hbarbase high
condensation and low aromaticity, coupled with the greater presencayotheit inhibits the
humification of HA are excluded to this rule.

In the profiles the distribution rules of FA are: 1) Low porosity leads to greater condensat
in the leaf beating zone, or in dry environment possibly saturatedtly, #awhile low porous and
dry pedoenviroments lead to a decrease in condensation, so this process depkeadscrease of
sheet flotation; 3) Low porosity in the horizons of the sheet oscillationpmsigvely influences the
aromaticity in the pedoenvironments, often humid or dry with eventuab¥isie water; 4) Porosity

plays a secondary role in flavoring and condensation in very water-soaked environments.
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As for the HA, the horizon aromaticity of the soil profiles is reladhie most porous
envoriments and it is independent of the sheet water oscillation. Howethee temporarily more
humid environments, the aromaticity of the HA is higher, and in therdtylkayey environments it
is lower. The higher HA condensation is independent of the porosity, regarditagioscsheet zone;

but it depends on greater porosity in horizons with permanent water.
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Capitulo 4. Constante de Estabilidade condicional (K) e constante da capacidade
complexac&o (CC) para Cdé' e AP* em amostras de acidos flvicos e himicos de solos
podzolizados da bacia do Alto Rio Negro-AM, Brasil

Resumo: As substancias humicas (SH) possuem a habilidade de forrpéaxoenestaveis com os
fons metalicos nos meios naturais devido a presenca dos grupos funcionaigalpramte os
carboxilicos e fendlicos. Dai a importancia das SH nos solos podiodiZ2or outro lado as SH tem
propriedades fluorescentes quando excitadas por radiacdo eletromagngtics;naétais tém a
propriedade de diminuir ou de aumentar a fluorescéncia. Neste estuddivw abjelentificar as
componentes fluorescentes, presentes nas substancias humicas de alm®stcdss podzois na
Bacia do Alto Rio Negro-AM, avaliar as capacidades e constatdgesomplexacdo destes
componentes com os metais?Ca AR* e comparar com os grupos funcionais obtidos com a FTIR
os resultados de complexagdo. A medida da fluorescéncia das SHos®itexacdo e com
complexacéo pelos metais em diferentes concentracdes (0 a 105.9 mgdaljZada utilizando um
fluorimetro modelo Hitachi. A determinacdo das constantes de estdbilmandicional (K)e
capacidade de complexacao (CC) foi realizada de acordo com o modelo propogtomrdRNeber
(1982) e os espectros 3D (EEM) das amostras foram tratados com o modégticestdd
CP/PARAFAC. Com os resultados dos espectros de fluorescéncia aliados& @RAPARAFAC
determinou-se a presenca de dois componentes presentes paraasidade acido fulvico e acido
himico. A K variou de logK = 3.66 a 5.00 €& variou de 3, 83.18 mol.mg-* a1, 06.1¢°° mol.
mgcl. A comparacdo dos resultados demonstrou diferenca da forca de ligacés pastais e
diferenca da capacidade de complexacdo para AF e AH e que alguns grumsisipodem ser

envolvidos nas propriedades de complexacdo das SH dos solos podzolizados.

Palavras-chave: acido humico, acido fulvico, podzéis, fluorescéncia quenching, Amazénia.
4.1. Introducao

Os solos podzolizados estdo presentes em aproximadamente 485 milli@esades no
mundo e foram descritos tanto em regibes boreais ou frias do globo (LUNDSTRAN
BREEMEN; BAIN, 2000) como em regides tropicais (BRAVARD; RIGHI, 1990; CHAUYEL
LUCAS; BOULET, 1987b; DO NASCIMENTO et al., 2004; DUBROEUCQ); VORKF, 1998;
LUCAS et al., 1988).Com morfologia singular tais solos refletem a acaopmuessos da

podzolizacdo no qual as substancias humicas (SH) dissolvidas e sfmdagentes principais do
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intemperismo mineral; da complexacdo e mobilizacdo de complexgano-metalicos,
predominantemente com Fe e Al, e da precipitacdo de matéria inargénico cristalina (fases de
Fe, Al e Si) (LUNDSTROM; VAN BREEMEN; BAIN, 2000).

As SH contém uma variedade de grupos funcionais organicos tais corboxilkeos
(COOH), fendlicos (OH), thiols (SH), aminas (NHentre outros. A presenca destes grupos
funcionais garante as SH as propriedades de interagir com ionsosdi@@BLE, 2007; GUO et
al., 2015; SENESI, 1990), esta interacdo pode afetar diretamente divecgies nos solos como
por exemplo, aforma, distribuicdo, biotoxicidade, migracéo e transformagaoateriais organicos
e minerais (YAMASHITA; JAFFE, 2008).

A presenca dos grupos funcionais imprime nas SH propriedades fluorescenteferguse
a capacidade 6ptica de emitir luz quando exposta a radiacées (COBLE, QO@nomeno de
fluorescéncia € provavel em sistemas moleculares que contérosatmm pares solitarios de
elétrons, tais como: C = O, aromaticos, fendlicos, quinonas e, sistdifddisos conjugados
insaturados rigidos, presentes nagBEHAZA; D’ORAZIO; SENESI, 2005; SENESI, 1990).

Devido a tais caracteristicas a fluorescéncia tornou-se umea@mumente utilizada nos
estudos que envolvem o interesse nas propriedades estruturais e nas func@ms gqldm
SHPLAZA; D’ORAZIO; SENESI, 2005; SENESI, 1990). Durante a fluorescéncia as moléculas séo
excitadas por uma radiacdo eletromagnética em um determinado comprieeptuda, e ao
retornarem ao estado fundamental ocorre a emisséo de um féton (Lakowicz, 198ifEsncas

vibracionais entre excitacao e emissao fornece informacdes sobre as SH.

A fluorescéncia pode ser obtida utilizando o modelo que envolve a coleta de multiplos espectros
de emissao em uma gama de excitacdo que estdo ligados a ting @@BLE, 2007; SENESI,

1990); este tipo de fluorescéncia € conhecido como fluorescéncia de emissao &oefciit).

A fluorescéncia EEM é uma ferramenta que favorece a identificac@splestos qualitativos no
nivel molecular e quanto as interacdes das SH com ions metalicos (BAYER@ I, gata ultima
baseada nas andlises de fluorescéncia quenching (MOUNIER et al., 20I0H; SRELL;
KRAMER, 2002).
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Normalmente, a fluorescéncia quenthing € aplicada para definir asrtessde estabilidade
condicional (K) e a capacidade de ligacdo utilizando o modelo raatende Ryan e Weber. O
modelo assume uma relacéo linear entre a concentracédo de m@taixealo com a MO e a mudanga
na intensidade de fluorescéncia (CABANISS; SHUMAN, 1990). Dessaimapermite o calculo
dos parametros para um sitio padréo, individual no modelo de fluorescénciaing¢6ABANISS;
SHUMAN, 1990; ESTEVES DA SILVA; TAVARES; TAULER, 2006). Sitios ligacdo causadores
da fluorescéncia quenthing ou sitios de ligacdo fluorescentes s@adwediomo formadores de
complexos 1:1 entre a matéria organica e os cations metalicospoorxemplo do tipo C4(GUO
et al., 2015).

Porém, apdés a aplicacdo da fluorescéncia EEM uma grande quantidedaldelos € obtida o
gue dificulta a identificacdo dos picos e as quantificacdes podemmsecisas e subjetivas (COBLE,
2007), técnicas de analise multivariadas sdo aplicadas, comPARAFAC sdo aplicadas para

melhorar a informacéo.

O uso da modelagem CP/PARAFAC permite a decomposi¢céo dos compdonentssentes
da fluorescéncia EEM, que representam grupos funcionais que fluoresdd@ (i2JCIANI et al.,
2008; MOUNIER et al., 2011).Portanto a combinacdo EEM CP/PARAFAC podels=datipara a
caracterizacdo quantitativa da matéria organica fluorescente (M@#8 facilita a identificacao e
quantificacdo de sinais subjacentes, denominados componentes (MURBHY2@10), e também
pode oferecer resultados quantitativos para caracterizar as propriedadegde da MO com os
ions metalicogGUO et al., 2015; MOUNIER et al., 2011; PLAZA; D’ORAZIO; SENESI, 2005).

Estudos vém utilizando a técnica de fluorescéncia EEM tantogpaeacterizacdo das
componentes fluorescentes das SH (acidos fulvicos e humicos) (HUHNNO(O2007; SIERRA et
al., 2005), como voltados para a associagdo com metais atravésrdasirdegdo das constantes de
complexacdo baseados em Ryan e Weber (1982) (ELKINS; NELSON, 2001;LILENA 2002;
MERDY et al., 2009; MOUNIER et al., 2011; SMITH; BELL; KRAMER, 2002).

Elkins and Nelson (2001), desenvolveram estudo em acidos fulvicos (AF)idluvia
qual permitiu associar a mudanca do comportamento da fluorescéncia adicdo de At tal
estudo associou a afinidade dos grupos funcionais fendlicos e -OH stetclh complexacao do

metal APF*. Lu and Allen (2002) em estudos com matérias organicas dissolvidagamggue o
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Cu?* ¢é preferencialmente ligado aos grupos funcionais carboxilicos, principalmenistas
concentragcOes do metal. No entanto poucos trabalhos associando a intes&idadm os metais
foram realizados em amostras de solos de ambientes tropicais. Mounier et al. (2010)paprasent
estudo de complexacao na matéria organica dissolvida (MOD) nas aguas de um igeagigé da
Alto Rio Negro-AM, e do comportamento da fluorescéncia quenching fremtéciio deCu?* e

identificou as constantes de fluorescéncia para a matéria organica disdd®Dj (

Este trabalho tem como objetivo 0 estudo da capacidade de cagguedtas substancias
hamicas ( &cidos falvicos e humicos) de amostras de solos podzoaciead® Alto Rio Negro,
através da identificagdo das componentes fluorescentes das Shislidgdo das capacidades e
constantes de complexac&o destas substancias com os@étasAlP*, e da comparagdo com o0s
grupos funcionais obtidos com a fluorescéncia de Infravermelho com transfornradaiee(FTIR)
que foi o objeto de estudo do capitulo 3. &'Gai escolhido devido aos modelos apresentados em
muitos estudos de fluorescéncia e & Alevido a sua participacdo geoquimica nos ambientes de solos

acidos.

4.2.Materiais e Métodos
4.2.1. Area de estudo e coleta de amostras

O sitio de estudo encontra-se localizado no municipio de Sao Gabriel da CachtmeRég Al
Negro, Amazonagatitude 0° 14" S e longitude 66° 47°W). O clima da regido ¢ tipicamente quente
e umido classificado como tipo Af (tropical chuvoso de floresta), com terageratdia anual de
25 ° C e precipitacdo em torno de 3000 mm (W. Képp@riger, 1846-1940). O relevo é constituido
por planaltos de baixa altitude que exibem homogeneidade altimétraé{inos tabulares e colinas
de altura entre 80 e 100 m ) (FRANCO; MOREIRA; BARBOSA, 1977).

A transeccdo de solos possui trés perfis e encontra-se em ustateveetilineo-convexo-
cbncava de aproximadamente 75 m de comprimento, em uma microbacia oajpapigarapé

possui guas pretas. A descri¢do precisa do sitio de estudo pode ser encontrada no capitulo 3.

Os solo foram caracterizados em trincheiras abertas e classifdadgeordo com a FAO
(2006). No total foram coletadas 18 amostras de solos que se distribuemiil A0(p#&) classificado
como Podzol bem drenado, com a presenca dos horizontes: A11l, A12, E1, E2, EBhpeBih2
(P2), Podzol hidromérfico, com os horizontes: A, A/E, E1, E2 e Bh e o terceiro p&fil (P

denominado de Criptopodzol (no sentido de DUCHAUFOUR,1997), com sequéncia de sete
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horizontes: Al1, A12, A/E, Bhs, Cgl, Cg2 e Cg3. O perfil 1 esta localimdta vertente enquanto

o perfil 2 e 0 3 estdo localizados na média e baixa vertente. Gs ¢edblo possuem diferentes
caracteristicas texturais. Nos perfis P1 e P2 todos os horizontes pdsstu@ia arenosa com 0
mineral de quartzo prevalecendo de maneira residual, no P3 a textura \weaasa nos horizontes

All, A12 e A/E, areia franca nos horizontes Bhs e Cgl e franco arenosa nos éoiCgihe Cg.

As condicdes de variacdo do nivel do lencol freatico ndo sdo as mesmas durante o &, pareg

essa razao durante o periodo de coleta das amostras de solo (novembioéd2@&8) o topo do

lencol freatico ndo foi prospectado no P1; no P2 estava a 55 cm e no perfil 3 foi encontrado a 33 cm

(descricdo completa da dinamica do lencol no capitulo 3).

4.2.2. Extracdo das Substancias humicas

Apés a coleta, as amostras de solo foram secas ao ar, passadas na peneira de 2 mm, moidas
seguiram para o procedimento de fracionamento e purificacdo das subdtdincieas realizado a
partir do principio de diferenca de solubilidade recomendado pelad&deidnternacional de
Substéncia Humicas (PERDUE; PERDUE, 2012).

Quatro gramas (4 g) de solos foram misturadas a 1 moHCI com uma relagdo
liquido/solido (L/S) = 10 e centrifugada a 433 psra separar o sobrenadante do precipitado. Na
sequéncia, o sobrenadante foi neutralizado utilizando NaOH 1 fndbgo apds o residuo foi
removido do sobrenadante por centrifugacdo (1118%).Mssobrenadante foi redissolvido com HCI
6 mol ! e encaminhado novamente para a centrifugacdo (11180 ssobrenadante é o acido
falvico (FA) e o precipitado o acido himico (HA). O HA foi redissolvidoncNaOH 0,1 mol Lt e
seguiu para purificacdo em filtro de polietersulfona, com o objetivo de remaikcaae a argila
ainda presentes na solucéo. Apos a filtracdo, o HA foi transferido psembrana de celulose para
didlise. A didlise foi realizada com agua deionizada até quaaaajgesentasse teste negativo para
ions cloreto (C). O FA foi purificado em resina de adsorgcdo, primeiro na resina DAXi8 e
sequéncia, com a resina saturada com iohsTHdas as extracées foram encaminhadas para a
liofilizacdo e na sequéncia para a analise de fluorescéncia.

Ao final do processo de extragdo 36 amostras de SH foram obtidasAESdES deAH).

4.2.3 Analise do quenching de fluorescéncia e modelo PARAFAC
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Quando a fluorescéncia espectroscopica € aplicada torna-se importanteeodempogie a
intensidade de fluorescéncia é proporcional a concentracédo do fluoréforaieesahuito diluidas
(absorbancia muito baixa) em relacdo a lei de Beer Lambert. Para tcag@es suficientemente
baixas (absorbancia a 250 nm < 0.1) a luz incidente é ligeiraménéaenente atenuada ao longo
do caminho 6tico. Ja em concentracdes altas, uma parte signifigatiua incidente € absorvida
antes de chegar ao ponto onde a fluorescéncia é observada, assim arlicdaahdo € linear com
guantidade de cromoforo, este efeito é conhecido como efeito de filtro internoRikeeEffect)
(LUCIANI; REDON; MOUNIER, 2013). Com o objetivo de diminuir tal efeitdifuicdes (50; 25;
12,5; 6,25 e 3,13 mgl) foram preparadas com agua Milli-Q e aplicadas as amostrasdantes
experimento de quenching de fluorescéncias (MILORI et al., 2002; MOUNBRAUCHER;
BENAIM, 1999). Ao final do teste, a faixa de diluicdo de 10 riddi determinada por corresponder
a zona de linearidade da resposta de fluorescéncia que foi utilizada no estudo.

O estudo da capacidade de complexacdo dos AF e AH com os ionsas@dIClf* e AP
foi realizado utilizando um esquema de diferentes concentracées (0 até 105Deny16 cubetas
de quartzo de 1 cm (Tabela 4.1 gufa 4.1); os extratos de AF e AH foram dissolvidos na
concentragéo de 10,0 mg/L com uma solucéo tampé&o de acetato de sodio (QJ08)1 onoH variou
entre 5,0 e 6,0 depois das adi¢cdes dos metais. As solu¢des de niieadssiforam CuS©5H0
(0,01 mol.LY) e Alx(SGs).18H0 (0,01 mol.LY).
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Tabela 4. 1:Tabela da grandeza de adicdo dos metaiaduilno estudo de fluorescéncia quenthing, tal experimento foi
realizado para Ctf e APF*.

CUBETAS | Volume | Volume | Volume | Volume | Volume | Volume | Concentragdo
amostra | Tampao | Solucdo | Solugdo | Solugdo | éagua | final da solugao
(uL) (uL) Metal 1 | Metal2 | Metal 3 (uL) (mg L-1)
(HL)* (L™ | (ub)=
Branco 480 1000 0 0 0 1520 -
Amostra 1 480 1000 25 0 0 1495 0,00026
Amostra 2 480 1000 50 0 0 1470 0,00053
Amostra 3 480 1000 100 0 0 1420 0,00106
Amostra 4| 480 1000 250 0 0 1270 0,00265
Amostra5| 480 1000 500 0 0 1020 0,00530
Amostra 6| 480 1000 0 25 0 1495 0,02648
Amostra 7 480 1000 0 50 0 1470 0,05296
Amostra 8| 480 1000 0 100 0 1420 0,10591
Amostra 9| 480 1000 0 250 0 1270 0,26478
Amostra 10 480 1000 0 500 0 1020 0,52955
Amostra 11] 480 1000 0 1000 0 520 1,05910
Amostra 12 480 1000 0 0 100 1420 10,59100
Amostra 13 480 1000 0 0 200 1320 21,18200
Amostra 14 480 1000 0 0 600 920 63,54600
Amostra 15 480 1000 0 0 1000 520 105,91000

*Solucdo Metal 1 (Concentracdo de 5xIfol /L); **Solucdo Metal 2 (Concentracéo de 5xt0**Solucdo Metal 3 (Concentracédo de 5x1@ol/L)
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Figura 4. 1:Comportamento da intensidade de fluorescéncia das &torrer do experimento de fluorescéncia
guenching
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Todas as medidas de EEM no experimento de quenthing de fluorescéncia foram obtidas com
um Hitachi F4500spectrofluoremetercom faixa de aquisicdo de excitagao entre 200-510enm,
emissao 240-700 nm, velocidade de 2.400 nm.eib0 nm de abertura de excitagdo tanto como de
emissdo. A difusdo de luz fisica Rayleigh e Raman foi numericamentavida pelo método
proposto por (ZEPP; SHELDON; MORAN, 2004).

A analise estatistica das EEM CP/PARAFAC foi realizada poo sheiSoftware MATLAB
R2013a, através da extensdo “progmeef”, desenvolvida por R. Redon do laboratéorio PROTEE. O
algoritmo do software € baseado no trabalho de Bro (1997). O numero de componestastimlo
usando a Analise da Consisténcia do tenso NaolORCONDIA - (do inglés, CORe, CONSsistency,
DIAgnostic-). A CORCONDIA consiste na estimativa da qualidade do moelelocapturar
informacdes trilineares; caso a consisténcia seja baixa (<6a#»acéo do modelo é invalida. (Bro,
Kiers,2003). Segundo Bro (1997) o numero de componentes que melhor se ajustam adewedelo
resultar em CORCONDIA superior a 60%.
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4.2.3.1 Determinacéo da Constante de Estabilidade Condicional e Capacidade de Complexacéo

A determinacdo dos parametros de complexagdo (constante de estalibdalicional e
Capacidade de Complexacdo) foi realizada através da aplicacdo denaltesos simples e
independentes de interacdo entre o sitio de complexacdo e o metalpbaserincipio de Ryan and
Weber (1982), um modelo de ligagdo um ahlain ligante (1:1) e um modelo com um metal/dois

ligantes (1:2). Estes modelos sao regidos pelas seguintes equagfes quimicas:
Li+M < ML1 (1)

Onde L é o sitio de complexagéo liviglL1 o complexo metalico e M o metal livre M=Cu

ou Al. Estes equacfes sao controladas pelas constantes termodinamicas de :equilibrio
Modelo 1:1:
K1 =[ML4] /[L4] [M] (2)
CL1 = [MLa]+[L4] (3)
Mo = [ML4] + [M] (4)
O modelo 1:2 também foi testado, ele considera dois sitios de complexacao inaigsende
L1+M < ML; e Lo+M — ML (5)

Onde L e Lo séo os sitios de complexacao liié; 1 e ML, os complexos metalicos com os
sitios L1 e Lo, respectivamente e M=Cu ou Al. O equilibrio termodinamico entre os itios &

controlado pelas seguintes equagdes:
Ki=[ML1]/[L1] [M] e K2 = [ML3] / [L2] [M] (6)
CL1 = [MLi+[L1] e Clo = [ML2J+[LZ] (7)
Mo = [ML1] + [ML2] + [M] (8)

Onde CL e Cl2 sdo os numeros totais de sitios disponiveis para complexacamsi@aaam
Considerando queil.L2, ML1 e ML, tem rendimento quéntico de fluorescéncia individual @1, @2,

®dmi1 and v respectivamente. Com estes parametros é possivel calculamentieaa resposta
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de fluorescéncia l=f(L1, K1, Mo) and IFR.>=f(L1, L2, K1, K2, Mo) € 0 BIAS para otimizar as fungbes

seguintes :
BIAS1:1=2[(IFi-IF11(CL1,K1,Moi)/IF]? (9)
BIAS1.2=X[(IFi-IF1:2(CL1,CL2,K1,K2,M0i)/IFi]? (10)

Onde I e Mo séo as contribuicbes do componente e a concentragao total dadizebaiado
“i” no experimento de quenching. O ajuste de cada experimento de quenthing foi realizadmddiliz
um algoritmo desimplexcom constrintas positivas pelos parametros, com a funcdo modificada
“fminsearch” de Matlab. Os dois modelos foram escolhidos porque sdo simples e rapidos para
investigar as propriedades de complexacdo da matéria organice&ss®afai comparado os BIAS

dos dois modelos para todos os experimentos de quenthing dos AH e AF, para as componentes C1 €
c2

4.2.3.2.Determinacdo do modelo de analise

Para cada um dos modelos de complexacéo citados foi determinado ostrpar@i@e
complexacdo com o valor ®IAS,definido como a soma das distancias entre o valor experimental
e o valor do modelo de cada experimento de fluorescéncia quenthing.of@s aétidos paraBIAS
do modelo 1:1 e do modelo 1sdo apresentadas na figura 4.2.

Figura 4. 2: BIAS do modelo 1:1 e 1:2 para a componente 1 coah @ét (A), componente 2 com met@l?* (B),
componente 1 com metal3Al(C) e componente 2 com o metal*AD)

A B 1%
-___-\ '_: ’:E;

5‘”53 o4 :’~

i (o)
1 10 100 ! 10 100
Bias C1_Cu_12 BizsC2 Cu 12
(Log) Log)
—Model 1:1 0 Humic Acid A Fulvico Acid —Modd 11 © HumicAcd A Fulvico Acd

103



(Log)

1AL 1

10 100 1 10 100

Ci_Al 12 C2_Al 12
(Log) (Log)
Modd 11 o Humic Acid  a FulwicAdd —Model 1:1 o Humic Acid A Fulvic Adad

Para as otimizacGes realizadas com o metél Gsiresultados dBIAS se distribuem tanto
abaixo como acima da linha de controle (definida pelo modelo 1:1),grajmonente 1 (C1), e abaixo
pela componente 2 (C2). No caso dos resultados com*@Ahaioria das amostras encontram-se
abaixo desta linha, tanto por C1 como para C2. Dessa maneira, para fimierpieetacédo dos

resultados foi selecionado o emprego apenas do modelo 1:1.

4 .3. Resultados e Discussao

3.1. Componentes fluorescentes dos AF e AH extraidos dos solos

A aplicagéo do modelo EEM-CP/PARAFAC nas amostras de AF e AH permitiu id@an#ific
componentes fluorescentes para cada amostra de SH em cada utesiestesnetais (Ctie APFY),
totalizando 144 componentes (72 para o metad" @72 para A. No conjunto total das
componentes sete fluoréforos sdo comuns tanto aos AF como aos AH e est&adinha figura
4.3.

Os valores CORCONDIA dos modelos dos experimentos de quenching variaram ent
99.9901 até 63.1926.
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Figura 4. 3: Espectros das 7 componentes obtidas apés o tratdM&RAFAC.

Componente A Compenente BB Componente (

. |

Componente I Componente E

l m
'

Coponente F

Componente G

Estutando a fluorescéncia da MO dissolvida Ohno et al. (2007), encontr@sasgdectros de

emissao e excitacdo através do tratamento EEM/CP-PARAFAE &les um com picos maximos

em ex/em = 339470 nm e outro com picos maximo em ex/em = <2485 nm, ambos sdo muito
semelhantes as componentes F e C, respectivamente encontréelastnes. Sierra et al. (2005)
descreveu fluoréforos com excitagdo e emissdo maximas em ex/ent 46086n e ex/em = 310
440nm nos AF, semelhantes as componentes A e B, respectivamentéHintensidade maxima

de excitacdo e emissdo em ex/em =/288 nm que se assemelha as maximas encontradas para a

componente Ejeste trabalho.

A figura 4.4 apresenta a distribuicdo das 7 componentes nos perfis de solos e nos horizontes.
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Figura 4. 4: Distribuicdo das componentes entre 0s hoegalas solos e os metais.C1: componente PARAFAC 1 e
C2: Componente PARAFAC 2

Profile P1 P | | P3

Horizon Al1|A12|E1|E2 EBWBh| A | AE|E1[E2 [Bh| AE[A11| A12|Bhs|Cgl|Cg2 | Ca3
C1-Cu AlAalalalalala B AlalB|cC
C2-Cu B |B B|B|B B|[B|B B |,
C1-Al B A|lB|A|B B BlB|B|A]A|[A]|B
C2-Al B|lAl|B|B B B

C1-Cu

C2-Cu D D D D|D D|D DD ..
C1-Al A

C2-Al D D D|(p|D D D|D

A distribuicdo das componentes para AF revela predominio dos fluoréforos com
comprimentos de onda de excitacdo e/ou emissdo mais baixos (compon&te€)A exceto para
os horizontes Algk e Al%3 que apresentaram os fluoroforos das componentes E e F, que possuem
comprimento de onda excitacdo e emissdo mais altos. Os AH aprasefiizgoréforos com
comprimentos de excitacdo e/ou emissdo mais longos (componentes DG}, &eeto no Béy,
gue possui a componente A. Segundo Senesi et al. (1991) este comportameastgp@isociado
com SH de alto peso molecular e maior presenca de sistemas com an&ieaspmais tipicos dos
AH, devido a esta estrutura. A diferenca dos comprimentos de onda dea¢eitaissao denota a
clara diferenca entre o comportamento dos fluoroforos de AF e AH quanto & complexacao.

A distribuicAo das componentes entre os horizontes dos solos mostra qud- ros A
componente A prevalece no P1 em todos os horizontes, e esta relacionaddah Cd* na
componente 1 (C1). Esta componente prevalece, também, no Bhs, Cgl e Cgihtio &8t o metal
Cu?* como com o Al"em C1; as componentes B e C distribuem-se em todos os horizontes dos tré
perfis para AF, e podem estar tanto em C1 como em C2. Nos AH a compGnametealece em
todos os horizontes dos solos tanto para o metél €@mo para o metal Al em C1, exceto no
horizonte Bla.. As componentes D, E e F predominam nos horizontes de todos os perfis, gana AH

C2, tanto para Cticomo para Al" (Figura 4.4).

Aparentemente ndo parece haver uma regra para a distribuicéo dos fluoréforosznasdsori
dos perfis de solo. A nitida diferenca entre os AF e AH estdtegimaAlgumas diferencas podem

ser apontadas pelo aparecimento de diferentes fluoréforos em relag@ah@d* ou AP*; isso
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pode ocorrer devido as diferentes ligacdes entre os grupos funcionais preasr&$ e os ions

metéalicos (ELKINS; NELSON, 2001), que evidenciam assim, tipos de fluorescéiecents.

4.3.2. Estudo das constantes de complexacéo
4.3.2.1. Estudo da constante de estabilidade condicional (K)@atae AF*

O parametro de ligacao K significa a constante de estabilidadeciomadi (CHEN et al.,
2003; SMITH; BELL; KRAMER, 2002), e é relacionada com a forca dacéig dos sitios
complexantes disponiveis no sistema; para cada ligante existwostante de estabilidade (SMITH;
BELL; KRAMER, 2002).

Os valores de logi no metal C&" obtidos para a C1 da EEM/CP-PARAFAC dos AF
variaram de 1,29 a 5,19 e de 2,8 até 5,82 para a C2. Para os AH a C1 vari@adé,3%e a C2
variou de 2,56 a 5,33 (Figura 4.5).

Figura 4. 5:Distribuicéo dos valores da constante K pacaraponentes 1 e 2 nos AF e AH com adi¢do d@ €sua
distribuicdo em grupos

KCICul i<KC2Cull

KCICul 1>KC2Cul )

1.O0E~04% LOGEDS | MOE+w

Cl1_Cuf{log K)

— Moded 1°1 0 Humic Acyd A Fulvic Acid  =v=nG] G2 G3 G4
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A distribuicdo dosogKcu nos AF e AH apresentaram variagdes entre os perfis e os horizontes
dos solos, tal distribuicdo permitiu uma divisdo em quatro grupos (Figura griheiro grupo
(G1) apresentou amostras de AF que estdo acima da linha de felgagiu seja, possuem para a C2
altos valores delogKcy, € um grupo formado principalmente por horizontes de superficie dos trés
perfis (All1,Al2p1 € Al%3) excetodevido a presenca do horizonte g® segundo grupo (G2)
apresenta os valores proximos a linha de relacéo 1:1, ou seja os valGks dla C2 préximos, é
formado principalmente por amostras de AF tanto de horizontes de superficie como deekatzont
profundidade, neste grupo encontram-se apenas duas amostras deARL2E3]; o terceiro grupo
(G3) apresentou valores abaixo da linha da relacédo 1:1, os valores dantdis@s que os valores
da C2, é composto por amostras AF de subsuperficier(EB#1, Bhss Cglese Cgd3) e a amostra
de AH E2»1. O quarto grupo (G4), também apresentou valores proximos a linha 1:1, a diferenca
0 grupo dois e que os valores de C1 e C2 sao maiores, além disso no grpoessintes o maior

numero de amostras de AH de horizontes variados, exceto pela presenca do horizadee AFg2

Observando a distribuicéo dos valores da constante-lafps horizontes dos solos nota-se
gue o AH apresentou maior homogeneizacao; a maior parte das amastasms#iradas no grupo
4, para o AF a variacao dos valores de lagki maior, e as amostras estéo distribuidas entre os
quatro grupos. A diferenca dos valores obtidos entre os AF e AH demonstra que as moléculas de AF
apresentam uma variedade maior de sitios de complexagdo que ossAielR®ente os AF ndo
possuem 0s mesmoa sitios de complexacdo dé gDe para os AH e possuem ainda, sitios
disponiveis para complexacao, ja com os AH o comportamento foi diferemés homogéneo, 0
que pode significar que os sitios de complexagdo disponiveis paraoligagé Cd* foram

preenchidos, isso explica a maior parte das amostras estarem préxima a linha deemodelag

Estudo anteriormente realizado para a determinacéo da fluorescénwaiggela MO de
solos franceses com textura arenosa, Merdy et al. (2009), encontrou valagscdelie variaram
entre 2.2 a 3.0 com a adi¢do do metai*@uMounier et al. (2011), nas MOD da microbacia deste
estudo, encontrou valores de lagkentre 2.8 e 3.9. Os valores da constante dedogfo em média
semelhantes aos dos solos podzolizados estudados, demonstrando que a for¢a de ligacéia das maté

organicas possuem valores médios.
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A figura 6 apresenta o estudo da constante Aogkkm a adicdo do Al. As constantes
variaram no AF de 0.77 a4.81 na Cl1 e de 0.81 a 6.41 na C2, para os AH os valores vaB&am de
a 4.96 na Cl e na C2 de 4.00 até 5.00 (Figura 4.6).

Figura 4. 6:Distribuicdo dos valores da constante K pararaponentes 1 e 2 nos AF e AH com adicdo decdim seus
respectivos grupos

KCLAl 11-XC2 Al L]

KCIAI LI>ECIANL]

Os AF e AH com o metal Al também apresentaram uma subdivisdo em grupos, o primeiro
(G1) com os valores que estédo acima da linha do modelo 1:1, a C2 apresentou valores maiores que &
C1, formado por amostras de AF dos horizontes eluviais,(EZ1 e E%»), o grupo 2 (G2) com os
valores préximos a linha do modelo 1:1, com valores da C1 e da C2, proximos, comptsiagor
as amostras de AH analisadas e pela amostras de AF dos horiZifie €413 e Cgas, € o terceiro
grupo (G3) com os valores abaixo da linha, ou seja valores da C1 maiores que os valores da C2, que
é formado por AF de horizontes tanto de superficie como de subsuperficig, (&8Hh, Bhe1, Bhp,,
Bhses Allpz Apoe Cgda).
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A tendéncia dos valores de logkpermitiu identificar uma clara divisdo com relacéo a forca
de ligacéo dos AF dos horizontes eluviais dos perfis P1 e P2 (G1) dos dé¢htpie estdo presentes
no G2 e G3. Os AH mais uma vez apresentaram valores homogéneos, [saaa &wdastras presentes
no G2, significando que os sitio de complexacdo dos AH sdo semelhameo< perfis e os
horizontes dos solos estudados para o mett] j para os AF existem diferencas nas forca de

ligagcdo entre os sitios disponiveis nos horizontes dos solos e 0s metais.

Estudos da fluorescéncia quenching com o met# Ryan et al,1996 (apud KELLY M.
ELKINS; NELSON, 2002) dos podzois apresentou valores deal@Ktorno de 5.79, em pH 4, os
valores de padrfes oferecidos pela IHSS enumerou que diegkimostras com pH entre 4 e 5 variam
de 4.67 a 6.45. As amostras de AH analisadas neste trabalho apresestdtadossque estdo dentro
da faixa daqueles encontrados na bibliografia; no caso dos AF algumasamoesentaram valores
fracos de logik Mais uma vez, os AF apresentaram uma grande variabilidade de fipaele

ligacdo do que para AH.

Entre os metais a tendéncia de logK nao foi a mesma entre os AF e AH e entremetai
maneira geral, os valores obtidos para é"Géo levemente maiores que os d& Abossivelmente
porque os sitios de complexacdo das amostras disponiveis pard@a tigago metal A ja foram
ocupados do que os sitios disponiveis para 8,Qal comportamento pode ocorrer devido as
diferencas de ligacdo entre os metais e os grupos funcionais das SHoqresponsaveis pela
complexacdo destes metais; 0?Cpossui uma tendéncia de realizar ligagdes com o0s grupos
funcionais carboxilicos (LU; ALLEN, 2002) e o%Attem uma tendéncia de complexagio com grupos
fendlicos (ELKINS; NELSON, 2001), apesar da afinidade com o grupo funcional daxtor0
entanto esta diferenca de comportamento responde pelos diferentesdelogésentre os metais e
também entre as SH, ja que para os AF os valores foram mais het¢@®dé que para os AH para

ambos os metais, demonstrando uma variedade de comportamento dos sitios de ligacdo dos AF.

4.3.2.2. Estudo da Capacidade de Complexacédo pata€AF*
A capacidade de complexacao (CC) indica a capacidade do sistema em formar complexo em
relacdo a quantidade de carbono (C) das(BWAN ’; WEBER, 1982; YAMASHITA; JAFFE,
2008). Neste estudo a determinacéo da CC foi realizada com relacdo a massandeotdida para
as substancias humicas:
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CG = (CLy,c1+ Cluc) / (MHS * %Cj)

Onde CG¢ a capacidade de complexagdo da amostra “i” em mol of M per mg of C (M = Cu ou Al),

CL1, c1 e Clic2 0s numeros de sitios de complexacdo da amostra calculado respettvpaie
componente CP/PARAFAC,1@ G; mHS é a massa de substancia humica (AF ou AH) na amostra
(10 mg.L* neste trabalho) e %@ percentagem de carbono em massa na substancia himicalanalisa

Os valores obtidos para a constante tanto para’®d@mo para o AF podem ser observados na

figura 4.7.

Figura 4. 7:Distribuicdo da capacidade de complexagio (CfmesAH com os metais Ctie AF*
SED6
SE-11 SE-10 SE-09 SE-08 SE-07

SE07
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Osvalores das constantes &Qlos AF variaram de 3.83.19a 9.43.18® molc.. MgCt e
para AP de 4.63.13° a 1.06.10° molcw. MgC*? e nos AH os valores variaram de 1.7 14®olc..
MgC? até 4.2.182 molcu. MgC? para Ci? e de 9.97.1% molc,. MgCtaté 2.78.18% molc,. MgC

Lpara AI®,

A distribuicdo dos valores ocorre em dois grupos bem definidos: o grupo 1 (G1) tmmpos
principalmente por amostras de AH e algumas amostras de AR(E&1d;, EZ-1, Bhpy, E2r2e Cg2a)

com valores de capacidade de complexacg&o baixos tanto pard Guietamo para o Af. O grupo

111



2 (G2) possui valores da constante de médio a alto e € composto principalmente peidguitias
amostras de AH do perfil 3 (A3 A/Epz Bhses, Cglps, Cgaze Cg3a).

Os valores de CC para €unormalizados (considerando 50% de C), em areas fluviais € de
1.74.16 molcu.mg:?! (GRIMM et al., 1991)e para AlI®* é 4,83.1¢ moly .mg* (ELKINS;
NELSON, 2001) em SH de areas fluviais. Nos solos a média dos vsdmretre e 2.57.2@
1.75.10° molcy .mg=* (MERDY et al., 2009) e 5,60.f0 moky .mg=? (PLAZA; D’ORAZIO;
SENESI, 2005), exceto para estes ultimos os valores encontrados no esiuda astsma faixa dos

valores encontrados na literatura.

No entanto, ndo é possivel afirmar a existéncia de diferenca®erditeos de complexacado
do Cf* e do APF* porque os valores de CC sdo préximos e correlacionados, porém os valores indicam
uma clara divisdo das amostras presentes nos grupos. Possiveknamestras presentes no G2
possuem maior eficiéncia com relacdo a capacidade de complexagée ds amostras do G1. O
grupo G2 é composto principalmente por AF, indicando que com relacdo a capadelad
complexacdo os AF possuam maior capacidade, isso pode ocorrer devédsuperficie especifica
maior quando comparada a dos AH, o que lhes confere a maior capacidadeézde treahs

catidbnicas.

4. 3.3. Espectroscopia de Fluorescéncias

A figura 4.8 apresenta a distribuicdo das intensidade dos grupos funcionais, estiramento -OH
(3,440- 3,100 cmt) -CH alifatico (2,940 - 2,900 cr) C=0 carboxilicos (1,720 - 1,660 ¢jn C=C
aromaticos (1,590 cH); grupos fendlicos (C-0) (1,250 chne C-O polissacarideos (1,050¢m

Figura 4. 8: A, B, C, D, E and F, distribuigdo da interddéddo comprimento de onda dos grupos funcionais nos AF e
AH dos horizontes dos trés perfis de solo estudados

A Podzol Thick- FA B Podzol Thick- HA

tands inlen

Horizons
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Existem semelhancas e diferencas com relacao a distribuicaugos funcionais nos perfis
e nos horizontes dos solo (descricdo completa no capitulo 3), porém é Ipessfiear uma

distribuicdo em ordem de importancia entre os AF e os AH.

Nos AF os grupos funcionais que possuem maior intensidade sado 0s grupos i®nciona
carboxilicos, seguidos dos grupos aromaticos e na sequéncia pelo grupo fendliss. &Nosdem
de importancia é dos grupos funcionais polissacarideos, seguidos pelos grapossfengrupos

aromaticos.

Com essa ordem de importancia € possivel confirmar diferenca na didtilol@igyrupos
funcionais para AH e AF. Esta diferenca possivelmente vai refletir nas forca de kgagdia SH e
o metal (logK) e na sua capacidade de complexacéo (CC), que estaciomaeks, portanto, com

a distribuicdo dos grupos funcionais.
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4. 3.4 Relacédo das Constante de Estabilidade e Capacidade de Complexacdo dds&hirelacao
com 0s metais e grupos funcionais.

Para compreender como as propriedades espectroscopicas das SH estao correlamonadas ¢
as propriedades de complexacédo, foram realizadas analisestieatalas componentes principais
(ACP) utilizando os dados de espectroscopia UV-VigHEe E/Es), e 0s grupos funcionais do FTIR

(capitulo 3) com as constantes logK e.CC

As Figuras 9 e 10 apresentam a anali€d fsrojetada nos primeiro (pcl) e segundo (pc2)
eixos (Figura 9), e a@P projetada no segundo (pc2) e terceiro (pc3) eixos, respectivamente (Figura
10). O gréafico A representa os vetores que estdo abaixo da projecao dos patmsiadeom a
distribuicdo dos valores das constantes K e CC (tanto por Cu (ll) como pard)Arillelacdo com

a intensidade do FTIR e as rela¢des obtidas no UV-Visivel.

A ACP mais representativa dos eixos pcl e pc2 explica a variandi@, @t (Figura 9A).
Existem quatro quadrantes de distribuicdo das componentes CC e KribAig&o das componentes
CC e K indicam correlagéo fraca entre elas (quadrante superior direito) agiwreposta com as
percentagens dos grupos funcionais C=0 carboxilico (COOH), C=C aromaticq,)(Cc©
éter/alcool (C-Q) e polissacarideos (Cp&) (quadrante inferior esquerdo) e com o valor gEEA
outra correlacao oposta € entre os grupos funcionais -CH alifatico (CH) é&suPétior esquerdo)

com a relagcéo #3. As constantes possuem uma correlagdo oposta com os grupos funcionais.

Figura 4. 9:Andlise das componentes principais para pcl e padradantes K, CC, distribuicdo dos grupos
funcionais e das relacdes E2/E3 e E4/E6 . As letr&s B, D, E, F e G indicam as componentes CP-PARAFAC
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Os AF na A2C(Figura 4.9B) apresenta distribuicdo que estende-se do meio paraaa ikireit
sentido dos quadrantes que indicam o aumento das constantes K e CC (pontopretojetanto
para o metal Cii como para o metal Al poucos AH encontram-se neste sentido. Oposto a este
primeiro conjunto de amostras, no sentido da esquerda, estdo os Alrfeetho e azul), também
para ambos os metais. Algumas amostras de AF estdo presentesaameal@ outras encontram-
se distantes deste eixo no sentido da esquerda.
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A projecéo (Figura 4.9B) indicou que os AH possuem maior importancia dagioeaos
grupos funcionais, por iSso as amostras seguiram esta tendéncia. Para os AF a maioriarfportanc
com relagéo as constantes logK e CC, indicando que estas constantes aumentam nos AF.

A segunda projecao (figura 4.10A) representa a variancia de 33,58% dos eixos Bc2 e pc
Observa-se que os grupos funcionais € (COOH) (superior esquerdo) com o logK (inferior
direito) ndo sao correlacionaveis. O mesmo acontece com grupos fun€igdai€-CGyo e 0 indice
E4/Es (inferior esquerdo) com a constante CC. Nesta projecéo é possivel obseraar constantes
logKk e CC sédo em parte, ndo correlacionadas com os grupos funcionais. Entediaatva-se
correlacdo positiva entre CC e COOH, &-€ o indice EEsz, e correlacdo negativa com CH; OH e
logK. Por outro lado, existe correlacdo positiva e@lire OH e logKk e CQ@, C-Cpol e &/Es. Estes

ultimos correlacionam negativamente com COOH,A2e® indice EEs.

Figura 4. 10:Analise das componentes principais para PC3 el@C@onstantes logK , CL e da distribuicdo dos
grupos funcionais e das relagbes E2/E3 e E4/E6
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Na distribuicdo da B8P é possivel verificar que as componentes dos dois metais pouco se

diferenciam em ambas as projecdes (Figuras 4.9 e 4.10).

A partir das analises estatisticas e dos experimentos esp@giroscfoi possivel verificar
gue os AH apresentaram melhor correlagdo com os grupos funcionais, uma eargilise ACP
indicou distribuicdo de AH que acompanha a dos grupos funcionais, mostrando afiardad#et
Cu?* comoAI®* com os grupos CH; OH; GO C-Gya, com logK e com HEEs. Disto decorre que a
forca de complexacéo € maior dos grupos CH; OH; COAI, C-Cpol, com agnigattretanto, para
parte das amostra a CC tem papel secundéario, denotando maior digjamigbde sitios para
complexacdo. Os AF, tanto pata’* como paraAl®*, seguiram a distribuicdo de CC e COOH, C-
CAr e o indice EEs, e CH; OH e logK. A distribuicdo mostra que a for¢a da ligacdo paradusrte
grupos funcionais (COOH, Cag € menor, mas que a CC desempenha papel importante, revelando

menor disponibilidade de sitios para complexacéo.

Os AH possuem maior peso molecular, por isso a maior disponibilidadiicde para
complexacéo. Significando que a quantidade de metais usada no experimento néo fdaespéicen
saturar todos os sitios para complexagédo. Nos AF 0 comportamento nasré@mune vez que estes
possuem um peso molecular menor, significando que a quantidade doe metais usada no experiment

foi suficiente para saturar os sitios disponiveis para complexacéao.
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4. 4. Conclusao

Os experimentos de quenching de fluorescéncia, por meio da analisendéentes de
estabilidade condicional e da capacidade de complexacao, das sabdté@intcas extraidas de solos
podzolizados da bacia do Rio Negro, podem contribuir para o entendimento do paeéda
organica nos pedo-ambientes. O estudo ressaltou a diferenca dos fluoréfaeatesxists AF e AH,

e revelou valores das constantes logK variando de 3,66 a 5,00, e CC vari8;8.46'° mol.mg
a1, 06.1°% molmgct. Os resultados refletem, também, significativa correlacdo entre a

complexacao e os grupos funcionais.

Dois comportamento podem ser indicados com base nas constantes analisadas:

A constante logK indicou diferencas entre a forca de ligacdo dasrBlés metais Cii e
Al®* para o primeiro as constantes foram em média maiores, indicandengoie enaior nimero de
grupos funcionais das MO tem maior for¢a de ligagdo coni'p@dde a forca de ligagdo foi menor.
Isso pode ocorrer porque os sitios disponiveis para tais ligacdes jfmnpados com o metal. Para
o Cu#*"comportamento da constante foi mais variavel no caso das amostras asaissadsignifica
gue ainda existam sitios de ligacéo disponiveis em alguns horizilm#tes®los. As diferencas entre
0s AF e AH neste caso, foi que os AF possuem valores muito mais vaftéadmsstante que os AH,

para ambos 0s metais.

A Capacidade de Complexac@oC) possui uma diferenca clara entre os AF e AH. Os AF
possuem valores levemente maiores que os AH, o que indica maior cdpasdamplexacao para

a primeira frag&o. Os metais analisadds’{ e AlI**) n&o indicaram grandes diferencas.

As andlises permitiram indentificar diferentes participacdes dog AH com relacdo a
complexacdo dos metais no sistema podzolizado analisado, os péssa@lmente as fragcdes mais

ativas ou reativas estdo contribuindo mais para as reacdes que ocorrem neste sistema ambiental.
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Consideracdes Finais

Os solos estudados na micro-bacia correspondem a uma segunda geracao de podzois que est
superimpondo sobre gleisolos. Tal processo de superimposi¢céo e a subseqatag@ardd rede de
drenagem atual é fortemente responsavel pela evolugdo da pedo-pagsgeioro-bacia. A
instalacdo e incisdo da rede de drenagem na superficie do baixa platezdnico modifica os
relevos e melhora as condigdes de drenagem dos solos mais profundos (Thickl&walzzdos
nas zonas de topo de colinas ou em remanescentes do plateau, e exp@esias os saprolitos
hidromérficos que sdo superimpostos pela podzolizagdo dando origem aos podzéis hidroenérficos

criptopodzois, como os encontrados na micro-bacia estudada.

Embora a evolucdo da pedo-paisagem néo tenha relacdo direta®dmprasentes nos solos
da micro-bacia, a sequéncia e as caracteristicas dos solos,cqudiguraram a partir desta evolucéo
respondem pelo tipo de distribuicdo das SH na sequéncia de solos estudbigosnéa textural dos
solos de montante a jusante da encosta, as caracteristicas de porosidade e varragiadmalge
0 ano, nos solos, estabeleceram a regra de distribuicdo de AF e AH taatuéacia dos perfis na

encosta, quanto nos horizontes, para cada perfil de solo.

Assim é que a condensacdo e aromaticidade do AF tende a decrescer no sentido da jusante
encosta, partindo de um polo mais arenoso para um polo menos arenoso e de ota aralsEseco
para um ambiente constantemente encharcado de agua. Foge a dstigc8csts horizontes pouco
porosos e menos Umidos a secos, da base do perfil P3 (Cgl; Cg2 e Cg3), qaenleamaha jusante
da encosta, e que apresentaram altas condensacado e aromaticimeend®-se disto que o AF
torna-se mais condensado e mais aromatico em pedo-ambientes im&@dos. Para o AH a
condensacao e aromaticidade aumentam do topo para a parte medianastig dacrescendo,
posteriormente no sentido da base da encosta. Os AH nos horizontes CglCg3gtbgem a esta
distribuicdo; sdo mais condensados e menos arométicos. Disto decquegajueAH altos indices
de condensacéo e aromaticidade séo fortemente influenciados por pedo-asndnepbeariamente
umidos como os do P2 localizado na meia encosta. As andlises W\ae/onta que nestes pedo-

ambientes, representados pelos trés perfis 0 AF € mais condensado e mais aromatiocdAttb que

As caracteristicas que determinam a distribuicdo das duas fracdesahimai encosta,
acrescenta-se a porosidade, a presenca ou ndo de agua nos horizontes despledis a flutuacédo
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do nivel do lencol nos horizontes para explicar a distribuicdo de HFA ros horizontes de cada

perfil de solo. Desta maneira, para o AF acredita-se que:

1) porosidade baixa leva a maior condensacdo na zona de batimento do lem@mbiente seco

eventualmente visitado pela agua;

2) pedoambientes pouco porosos e secos levam a diminuicdo da condensacao, portanto esta depenc

da flutuacéo do lencol para aumentar;

3) orosidade baixa nos horizontes da zona de oscilagéo do lencol influi posittesa aromaticidade

nos pedo-ambientes frequentemente Umidos ou secos com visita eventual da agua,

4) porosidade desempenha papel secundario para a aromatizacédo e condenaag@iemes muito

encharcados de agua.

Para o HA os resultados e interpretacfes revelaram que:

1. A aromaticidade nos horizontes dos perfis dos solos relaciona-se aosnmas@orosos e
independe da oscilacdo da agua do lencol;
Nos meios temporariamente mais umidos a aromaticidade é maior;
Nos ambientes secos e argilosos aromaticidade € menor

4. Maior condensacéao independe da porosidade, na zona de oscilagcédo do lengepends

de maior porosidade em horizontes com 4gua permanente.

Os AF estudados sdo mais condensados e aromaticos do que os HA. EntretaRtteos
principalmente, carater hidrofilico e alifatico, e secundariamenteatec& dado pela presenca das
fungBes aromatica e carboxilica. O AH por sua vez é possui carateidagbelas funcdes
polisacaridio e ether-alcool, mas, secundariamente, seu caratdéétaiifatico e hidrofilico.

O carater imposto pelos grupos funcionais ajudam a entender a capacidaaplégacdo dos
AF e AH com os metais Ctie Al*3, obtidas com o experimento realizads AH apesar de sem
melhor co- relacionados com o0s grupos funcionais que complexam 0S metais possi@m ma
disponibilidade de ligacbes, esta disponibilidade provoca sua menolppgém no caracter da
complexacédo, ao contrario, os AF, que sdo moléculas de menor pessolana@emais sollveis,

apresentaram maior tendéncia a complexacao.

120



Acredita-se que embora a evolucdo da pedo-paisagem ndo tenha refatdocain as
caracteristicas das substancias himicas e sim com a noat@nigca total, nos horizontes dos solo
foi verificada diferengcas geoquimicas entre os acidos fulvicosdesahiimicos e estad diferengas
acompanham os processos de alteracdo dos solos podzolizados e contribuzitnapageorte da
matria organica em profundidade. Acredita-se que os acidos humicos posetermateias de
carbono arométicas como com cadeias de carbono alifaticas na sua came@snbas permanecem
por mais tempo nos solos e precipitam-se em profundidade, nos acidos fidvieaieias de carbono
permanecem nos solos estdo relacionados mais a aromaticidade zumoe esta substancias sédo
mais sollveis em meio acido e possuem maior contribuicdo na alimentacdo dadeddpemagem.

Conseguentemente a existéncias de cadeias de carbono influenciampiexacdo dos metais
0 que permite levantar a hipotese de que os acidos fulvicos, principalaessolos hidromérficos,
gue possuem um papel fundamental no desenvolvimento do meio acido, e passiteymo avango
da podzoliza¢édo e também o acumulo do C em profundidade.

Portanto, € possivel verficar que existe um equilibrio no sistema ambientahtgmtese que as
matérias organicas, bem como o0s outros elementos do sistema, posmtieipagho nas
transformacdes pedo-ambientais e estas transformac¢des sO continuard@odocatraves da

preservagao ambiental deste ambiente.
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Anexos

Perfil Solo Profundidade | Horizonte Cor Areia Argila Silte Areia Areia Textura C (%)
grossa fina grossa+ .
Munssell (%) (%) (%) Areia Fina (fracéo total)
) (%)
Podzol bem 0-3 A 5YRA4/1 79,9 2,5 2.1 15,5 95,3 Arenosa 14,58
drenado
Podzol bem 3-30 AE 5YR5/1 79,0 3,2 0,20 17,6 96,6 Arenosa 1,11
drenado
Podzol bem 30-63 El 5YR7/1 72,5 2,2 1,2 24,1 96,7 Arenosa 0,40
drenado
1
Podzol bem 63-150 E2 5YR8/1 66,6 1,2 51 27,1 93,7 Arenosa 0,19
drenado
Podzol bem 120-150 EBh 10YRS8/1 73,0 3,5 0,9 22,6 95,6 arenosa 1,4
drenado
Podzol bem 150+ Bh 5YR2.5/2 70,2 7.5 6,5 15,8 86,0 Areia- 6,7
drenado Franca
Podzol 0-3 A 5YRA4/1 71,5 1,7 3,5 23,3 94,8 arenosa 9,87
Hidromorfico
Podzol 3-19 AE 5YR5/2 79,7 1,8 0,8 17,6 97,4 Arenosa 0,77
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Hidromérfico

Podzol 19-55 El 5YR6/1 71,2 0,2 2,9 25,7 96,9 Arenosa 0,05
Hidromérfico

Podzol 55-97 E2 White page 65,7 1,65 2,6 30,1 95,8 Arenosa 0,02
Hidromérfico N 8.5/

Podzol 97+ Bh 5YR3/2 61,1 7,9 3,5 27,5 88,6 Arenosa 2,6
Hidromérfico
Criptopodzol 0-3 A 5YR3/1 65,1 6,3 4,0 24,6 89,7 Arenosa 12,51
Criptopodzol 3-14 Bh3 5YR5/1 69,0 4,1 1,7 25,2 94,2 Arenosa 0,97
Criptopodzol 14-33 Bh2 5YR6/1 68,1 1,6 1,7 28,6 96,7 Arenosa 0,29
Criptopodzol 33-43 Bhs 5YR2.5/1 56,9 14,6 8,4 20,1 77,0 Areia franca 12,40
Criptopodzol 43-52 Cgl 2.5YR6//4 61,3 11,5 12,0 15,2 76,5 Areia franca 3,94

4

Criptopodzol 52-80 Cg2 2.5y7/4 59,0 22,4 10,4 8,2 67,2 Franco arenosa 2,19
Criptopodzol 100+ Cg3 2.5y8/2 40,8 34,1 17,9 7,2 48,0 | Franco argilo arenos 1,15
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