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Resumo

A remediagio de locais contaminados com metais pesados usando plantas hiperacumuladoras
aparenta ser uma alternativa bastante viavel. Neste trabalho comparou-se a acumulagdo e
tolerancia ao cadmio (Cd), ambas baseadas nas respostas ao stress oxidativo em trés
espécies de plantas diferentes: Brassica juncea (L.) Czem., Nicotiana tabacum L. e Solanum
nigrum L., descritas na literatura como plantas bastante tolerantes ou até com caracteristicas
hiperacumuladoras. As plantas cresceram num solo contaminado com diferentes
concentragdes de Cd (0 - 35 mg kg™') durante um periodo de 90 dias.

O factor de translocagsio (FT), utilizado para medir a translocagéo efectiva do Cd da raiz para a
parte aérea, variou consideravelmente entre as espécies desenvolvidas. A N. tabacum foi a
planta que apresentou os maiores valores de FT. Neste trabalho foi a Unica planta que
preencheu todas as condigdes para ser considerada hiperacumuladora para todos os niveis de
contaminagdo do solo. Por outro lado, a S. nigrum apresentou os maiores valores de
concentragio de Cd nos tecidos, com um FT > 1, na presenga de 5 mg Cd kg™ de solo. Apesar
da B. juncea ter apresentado um resultados de FT inferior as restantes, foi a unica planta com
valores crescentes de FT com o aumento da contaminagdo de Cd.

O stress oxidativo nas plantas desenvolvidas foi avaliado pela peroxidag&o lipidica e pelas
actividades da catalase (CAT), ascorbato peroxidase (APX), guaiacol peroxidase (GPX) e
superdxido dismutase (SOD), quer na raiz quer na parte aérea. Foi observado um aumento
significativo (versus controlo) na peroxidagao lipidica e actividade enzimatica da CAT e APX na
parte aérea da B. juncea, N. tabacum e S. nigrum para os niveis de contaminagdo mais
elevados, 15 e/ou 35 mg Cd kg™'. A B. juncea apresentou maior sensibilidade na resposta da
GPX, para todas as concentragtes de Cd no solo. A peroxidagao lipidica e a actividade da CAT
foram superiores na parte aérea em relagdo a raiz para todas as plantas em todas as
contaminagbes de Cd presentes no solo. A actividade da SOD n&o apresentou respostas
consistentes para nenhuma das plantas.



CADMIUM PHYTOEXTRACTION FROM CONTAMINATED SOILS BY
SELECTED PLANTS

Abstract

Remediation of sites contaminated with heavy metals using hyperaccumulators seems a
promising alternative to engineering approaches. in this work, we compared cadmium (Cd)
accumulation and tolerance (based on responses to oxidative stress) in three different species,
Brassica juncea (L.) Czem., Nicotiana tabacum L. and Solanum nigrum L., described in the
literature as very tolerant or even as hyperaccumulators. The plants were grown in soil spiked
with different Cd concentrations (0 - 35 mg kg™') over a period of 90 days.

The translocation factor (TF), used to measure the effectiveness of translocating Cd from roots
to shoots, depended greatly on the species. N. tabacum was the plant which exhibited the
highest TF values. It was the only plant under study that fulfiled the conditions of a
hyperaccumulator for all levels of soil contamination. On the other hand, S. nigrum presented
the highest Cd concentration in plant tissues, with TF > 1 in the presence of 5 mg Cd kg™ of soil.
Although B. juncea had presented the lowest TF and Cd concentrations, it was the only plant
with TF values increasing with the level of cadmium.

Oxidative stress in plants was evaluated by lipid peroxidation and activities of catalase (CAT),
ascorbate peroxidase (APX), guaiacol peroxidase (GPX) and superoxide dismutase (SOD),
both in roots and shoots. A significant enhancement (versus control) on lipid peroxidation and
enzymatic activity of CAT and APX in shoots of B. juncea, N. tabacum and S. nigrum was
observed for the highest levels of Cd in soil, 15 and/or 35 mg Cd kg-1. B. juncea presented the
most sensitive response of GPX, for all levels of Cd in soil. Lipid peroxidation and CAT activity
were greater in shoots than in roots for all plants and soil Cd concentrations. SOD activity did
not present consistent trends for any plant.




AGRADECIMENTOS

A Professora Doutora Ana Paula Pinto, orientadora cientifica, pela oportunidade,
apoio, dedicagdo, amizade, presenga, sugestdes e incentivos ao longo de todo este
trabalho.

A Professora Doutora Ana Maria Mota, docente do Instituto Superior Técnico, pelo
acompanhamento e sugestdes durante a fase do trabalho de laboratério no IST, e
sobretudo pelas palavras de apoio e de coragem manifestadas desde o primeiro
momento em fases mais complicadas. A Teresa Armas, responsavel pela formagao
na determinagdo de concentragdes de cadmio nos tecidos vegetais no IST, um
agradecimento especial.

A Professora Doutora Luisa Martins, Professor Doutor Miguel Mourato do Instituto
Superior de Agronomia, pelo acompanhamento, esclarecimento e sugestdes durante a
fase do trabalho de laboratério no ISA. A Ana Isabel Cardoso, responsavel pela
formagao na determinagdo de parametros enzimaticos e n&o enzimaticos nos tecidos
vegetais no ISA, um agradecimento especial.

A Professora Ana Dordio, pelo acompanhamento na implementagéo e formagdo na
determinagdo de parametros enzimaticos e n&o enzimaticos nos tecidos vegetais no
laboratério da Universidade de Evora.

Aos meus colegas dos varios laboratérios da Universidade de Evora, pela forma como
me fizeram sentir integrada e bem recebida, possibilitando a minha rapida adaptagao
em terras alentejanas...

Aos funcionarios da Universidade de Evora que de forma directa ou indirecta
contribuiram para a instalagdo e condugdo dos ensaios e para a realizacdo de
algumas analises.

A minha familia, especiaimente aos meus PAIS pelo apoio imestrito, amor e
compreensdo dedicados, e também a todos os meus amigos, o meu especial
reconhecimento pelo encorajamento, compreens&o e apoio prestados no decurso
deste trabalho.

]



A todas as restantes pessoas que ndo enunciei, mas que contribuiram e fizeram parte

deste percurso... Muito Obrigada!



LISTA DE ABREVIATURAS

ADN - acido desoxirribonucleico
ANOVA - andlise de variancia
APX - Ascorbato peoxidase
ARN - acido ribonucleico

CAT - Catalase

Cd - cadmio

EAAC - espectrometria de absorgdo atémica com chama
FB - Factor de Bioconcentragao
FT - Factor de Translocagao
GPX - Guaiacol peroxidase
H,0; - peréxido de hidrogénio
MDA - monodihidroascorbato
MO - microondas

O;" - radical superéxido

OH" - radical hidréxilo

PF — peso fresco

PS — peso seco

PTFE - politetrafluoretileno, teflon®
ERO - espécies reactivas de oxigénio
SOD - Superéxido dismutase

US — ultrasons

UV - Vis — radiagao ultravioleta - visivel




Resumo i
Agradecimentos il
Lista de abreviaturas v
indice vi
Lista de tabelas ix
Lista de figuras X
I. INTRODUGAO 1
1. O Cd como contaminante 3
1.1 Origem e comportamento no solo 3
1.2 Acg#o sobre as plantas 4
1.2.1 Interacgo solo — planta 5
1.2.2 Absorg#io e transporte de metais 6
1.2.3 Acumulaggo e toxicidade 7
1.3 Mecanismos de defesa celular 8
1.3.1 Superoxido Dismutase (SOD), EC 1.15.1.1 9
1.3.2 Catalase (CAT), EC 1.11.1.6 10
1.3.3 Guaiacol peroxidase (GPX), EC 1.11.1.7 10
1.3.4 Ascorbato peroxidase (APX), EC 1.11.1.11 11
1.3.5 Geragdo de espécies reactivas de oxigénio e actividade enzimética antioxidante das células 11
1.4 Peroxidag3o Lipidica 13
1.5 Técnicas de Fitoremediagéo 14
1.5.1 Fitoextracg&o 16
1.5.2 Vantagens e Desvantagens 16
2. Plantas Seleccionadas 17
2.1 Brassica juncea L. Czem 18
2.2 Solanum nigrum L. 19
2.3 Nicotiana tabacum L. 20
Il. MATERIAL E METODOS 21
1. Material utilizado nos ensaios 22
1.1 Solo 22

vi



1.2 Plantas 22
2. Instalagéo e condugdo dos ensaios 22
2.1 Sementeira e Transplantagéio 23
2.2 Sistema de rega 24
2.3 Recolha de amostras 24
2.3.1 Plantas 24
2.3.2 Solo 24
2.4 Tratamento das amostras 24
2.4.1 Plantas 24
2.4.2 Solo 24

3. Determinagdes efectuadas e métodos utilizados 25
3.1 Plantas 25
3.1.1 Actividade enzimatica antioxidante 25
Determinago da actividade enzimética antioxidante da Catalase (CAT), EC 1.11.1.6 25
Determinag#o da actividade enzimética antioxidante da Guaiacol Peroxidase (GPX), EC1.11.1.7 26
Determinagao da actividade enzimatica antioxidante da Superéxido Dismutase (SOD), EC 1.15.1.1 26
Determinagao da actividade enzimatica antioxidante da Ascorbato Peroxidase (APX), EC 1.11.1.11 27
3.1.2 Peroxidag#o lipidica 28
3.1.3 Determinagéo do Cd nos tecidos vegetais 29
3.1.3.1 Extracgéo por Microondas (MO) 29
3.1.3.2 Extracgéio por Ultra-sons (US) 30
3.1.3.3 Validag#io da extracgdio com sonda de ultra-sons 30

3.2 Solo 31
3.2.1 Determinago dos metais: Cd, Zn, Pbe Cu 31
3.2.2 Determinagéo do pH em amostras de solo 32
3.2.3 Caracterizagéio mineralégica do solo por Difracgéo de Raios X 32

4. Avaliagao estatistica dos resultados 32
lll. RESULTADOS E DISCUSSAO 34
1.1 Efeito do cadmio na produg3o de biomassa vegetal 35
1.2 Acumulagéo de Cd nos tecidos vegetais 37
1.3 Peroxidag3o lipidica 39
1.4 Stress Oxidativo 42

vii



Catalase 42
Ascorbato — Peroxidase 43
Guaiacol — Peroxidase 45
Super6xido — Dismutase 47
IV. CONCLUSOES 49
V. BIBLIOGRAFIA 52
ANEXOS 64
ANEXOS | 65
ANEXOS I 67
ANEXOS Il 71
ANEXOS IV 75
ANEXOS V 79
ANEXOS VI 83
ANEXOS Vi 87
ANEXOS Vil 91
TRATAMENTO ESTATISTICO
ANEXOS IX 95
ANEXOS X 109
ANEXOS XI 119
ANEXOS Xl 133
ANEXOS Xl 147
ANEXOS XIV 161
ANEXOS XV 175

viii



LISTA DE TABELAS

Tabela 2.1 — Parametros fisico-quimicos do solo utilizado nos ensaios
Tabela 2.2 - Concentragéo (mg kg™') de nutrientes minerais aplicados

Tabela 2.3 - Concentragéo de cadmio (mg Cd kg™') aplicada ao solo e respectiva duragéo do
ensaio
Tabela 2.4 — Numero de plantas por vaso

Tabela 2.5 - Reagentes utilizados na determinag&o da actividade enzimatica da CAT
Tabela 2.6 — Reagentes utilizados na determinag&o da actividade enzimatica da GPX
Tabela 2.7 — Reagentes utilizados na determinag&o da actividade enzimatica da SOD
Tabela 2.8 - Reagentes utilizados na determinag&o da actividade enzimatica da APX
Tabela 2.9 — Solugo de extracgao, metal analisado e tempo de amostragem

Tabela 3.1 - Concentrago de Cd na parte aérea e na raiz, factor de translocagéo e factor de
bioconcentragio da B. juncea, N. tabacum e S. nigrum, ao fim de 90 dias apoés
sementeira

22

23

23

24
25
26
27
28

31

38



LISTA DE FIGURAS

Figura 1.1 - Curvas de resposta de um organismo em fungio da dose a que se encontra
exposto (Alvarenga et al., 1998)

Figura 1.2 - Dinamica representativa dos elementos no sistema solo - planta (rizosfera)
(adaptado de Alloway, 1995)

Figura 1.3 - Ciclo basico das ERO (adaptado de [1])

Figura 1.4 - Efeito do cAdmio na geragéo de ERO e nas actividades enzimaticas antioxidantes
(adaptado de Sharma & Dubey, 2005)

Figura 1.5 - Representagio de uma membrana celular

Figura 1.6 - Mecanismos de fitoremediag&o de solos contaminados com metais pesados

Figura 1.7 - Taxonomia de Brassica juncea L. Czern

Figura 1.8 - Taxonomia de Solanum nigrum L.

Figura 1.9 - Taxonomia de Nicotiana tabacum L.

Figura 2.1 - Aspecto geral da sementeira da (a) S. nigrum L. e (b) N. tabacum L.

Figura 3.1 - Efeitos da concentragéo de Cd no solo na biomassa da parte aérea e raiz das
plantas B. juncea (wm), N. tabacum (mm) e de S. nigrum (um)

Figura 3.2 - Peroxidag&o Lipidica (malondialdeido) observadas para a parte aérea e raiz das
plantas B. juncea (mm), N. tabacum (um) e de S. nigrum (mm)

Figura 3.3 - Actividade Enzimatica da CAT observada para a parte aérea e raiz das plantas B.

juncea (mm), N. tabacum (mm) e de S. nigrum (am)

Figura 3.4 - Actividade Enzimatica da APX observada para a parte aérea e raiz das plantas B.
juncea (um), N. tabacum (mm) e de S. nigrum (um)

Figura 3.5 - Actividade Enzimatica da GPX observada para a parte aérea e raiz das plantas B.
juncea (mm), N. tabacum (mm) e de S. nigrum (mm)

Figura 3.6 - Actividade Enziméatica da SOD observada para a parte aérea e raiz das plantas B.

juncea (mm), N. tabacum (mm) e de S. nigrum (mm)

14

18

19

20

23

40

43

48




| - INTRODUGCAO




introdugéo

A poluigdo dos solos pode ocorrer devido a processos de erosdo de rochas cuja estrutura
elementar seja considerada perigosa, devido a aplicagao de lamas residuais urbanas, a
libertagdo de efluentes de industrias, a aplicagdo de fertilizantes e pesticidas de maneira
irremediavel em solos cultivados, de tal modo que a produgao agricola corre o risco de estar
comprometida a longo prazo.

Alguns metais pesados, em particular o cadmio (Cd), sao considerados poluentes que
podem originar graves problemas de degradagdo da qualidade do solo e,
consequentemente, dos meios hidricos (Alloway, 1995; Barcel6 ef al., 1998; Gongalves,
2000).

Ao concentrar-se nas camadas superiores do solo, precisamente onde se encontra a maior
parte do sistema de raizes das plantas (Cunningham et al., 1995; Das ef al, 1997), as
elevadas concentragdes de Cd podem n&o ser suficientes para revelar sintomas de
fitotoxicidade. No entanto, estas concentragbes sao consideradas téxicas quando ingeridas
el/ou introduzidas na cadeia alimentar, uma vez que a sua permanéncia nos organismos €
elevada.

Para haver redugdo dos riscos associados a introdug@o na cadeia alimentar de metais
perigosos e para que a qualidade ambiental seja salvaguardada, interessa conhecer as
interacgbes solo-metal-planta. O conhecimento destas interacgdes tem especial interesse no
ambito da fitoextracgao. De facto, o recurso a técnicas de depuragéo do solo e dos meios
hidricos, utilizando plantas tolerantes a concentragdes elevadas de metais toxicos, implica
um conhecimento profundo dos mecanismos que condicionam o desenvolvimento das
plantas em meios contaminados e dos mecanismos de defesa efou tolerancia envolvidos.
Assim, a absorgdo e acumulagéo dos metais pelas plantas e, de um modo geral, todos os
processos que ao nivel do solo condicionam a biodisponibilidade do metais, s&o aspectos

importantes nesta problematica.
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1. O Cd como contaminante

1.1 Origem e comportamento no solo

O céadmio € um elemento raro em solos n3o poluidos, e ndo ocorre na natureza na forma
isolada, mas sob a forma de sulfuretos, em minérios de zinco, chumbo e cobre (United
Nations Environmental Programme, 2006). Nao é recuperado como minério principal, mas
sim como um sub-produto mineiro, principalmente do zinco (United Nations Environmental
Programme, 2006). A sua concentragio na crosta terrestre é da ordem de 0,01 a 1 mg Cd
kg™ de solo (Varennes, 2003). Nos horizontes superficiais de solos muito poluidos por este
metal, podem encontrar-se valores da ordem dos 40 mg Cd kg™ de solo (Gongalves, 2000:
Pinto, 2002). Nas fontes de poluigdo maioritarias deste metal a sua concentragao varia entre
2 e 200 mg Cd kg™ (United Nations Environmental Programme, 2006).

O cadmio pode ser bioacumulado em toda a cadeia tréfica, provocando a intoxicagso em
seres humanos, embora algumas concentragbes sejam consideradas n3o fitotoxicas para
algumas plantas. Quando um elemento potencialmente toxico é absorvido, em
concentragdes elevadas, pode penetrar nas células e alterar o seu funcionamento normal,
com inibigdo da actividade enzimatica (Dias, 2000: Torres, 2003). Para que se possa
manifestar a toxicidade em relagdo aos seres vivos, o cadmio deve encontrar-se
biodisponivei para ser captado por estes (Vullo, 2003).

O cadmio aparece no solo em varias fracges, isto é retido na fase solida, adsorvido as
particulas coloidais, como 30 livre na solugéo do solo e ainda no complexo organo-mineral
soluvel (Azevedo, 1995).

O cadmio presente na solugdo do solo, pode ocorrer na forma de catido Cd**, estado de
oxidagdo mais comum e importante, mas em fungéo das condigbes edafoclimaticas este
catido pode integrar um conjunto de espécies ibnicas diferentes formando diversos
complexos com a matéria organica. Outros factores podem afectar a solubilidade do Cd no
solo, tais como o pH, o potencial redox (En), a textura do solo, a capacidade de troca
cationica (Mahler et al., 1982), sendo considerados os mais importantes os dois primeiros.
Estes factores sdo determinantes para avaliar a concentragdo dos metais pesados de
acordo com a biodisponibilidade, toxicidade e mobilidade dos mesmos (Impellitteri et al.,
2001, Pinto et al., 2004). O pH da solugao tem influéncia marcante na adsorgao do Cd, e
manifesta-se pela mudanga da densidade da carga eléctrica da superficie dos minerais de
carga variavel. Sob condigdes acidas, a solubilidade do cadmio aumenta, e a adsorgdo em
coléides, oxi-hidroxidos e matéria organica é pouca extensa (United Nations Environmental
Programme, 2006). Em condiges anéxicas, as formas sélidas que aparecem no solo sdo o
6xido (CdO) ou os hidréxidos cristalinos e amorfos, o carbonato (CdCO;) e o fosfato
(Cd(POy).), enquanto que em condigées redutoras aparece normalmente o sulfureto (CdS)
de cadmio, bastante insollvel (Fergusson, 1990; Baker e Amacher, 1982, cit in Domingues,
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1999). Todos estes compostos ajudam na remogdo do cadmio da solugdo do solo sob a
forma de precipitados, sendo esta uma das principais vias de controlo da disponibilidade do
metal no solo (Sadiq e Zaidi, 1981 cit in Azevedo, 1995).

A maioria do cadmio sollivel esta na forma de quelatos e/ou complexos organicos, mas tanto
a adsorgdo como a quelatagéo e/ou complexagio sao afectadas fortemente pelo pH do solo.
Valores de pH acidos aumentam a disponibilidade dos metais para as plantas, embora estes
possam ndo estar na solugéo do solo (Foy et al., 1978).

Por outro lado, o Cd tem tendéncia a sofrer desadsor¢do na presenga de outros metais
pesados, especialmente com o zinco, que apresenta maior capacidade de competi¢do pelos
jocais de adsorgao (Christensen, 1985 cit in Azevedo, 1995).

1.2 Acgao sobre as plantas

A absorgao de um elemento por parte de uma planta, ndo constitui uma forte evidéncia que
esse elemento desempenhe qualquer tipo de papel no crescimento desta. Apenas quando
este se encontra numa forma disponivel pode ser absorvido. As plantas podem diferencia-
los como sendo elementos essenciais e elementos nao essenciais (Mehra et al., 1994). Um
elemento é considerado essencial para uma planta, quando esta ndo pode completar o seu
ciclo de vida na sua auséncia. Para ser considerado como tal, a acgdo do elemento deve ser
especifica, de forma a que nenhum outro o possa substituir, ou devido ao facto deste ser
constituinte de um metabolito essencial ou necessario para o préprio funcionamento do
sistema enzimatico da planta, ou ainda poder estar envolvido na manutengdo do balango
idnico das células vegetais (Mehra et al., 1994).

Os elementos essenciais podem ser divididos em macronutrientes (C,H,O,N,P K S, Cae
Mg) necessarios em concentragbes > 1000 mg Kg' de peso seco da planta, e
micronutrientes (B, Cl, Co, Cu, Zn, Fe, Mn, Mo, Ni, Si e Na) necessarios em concentragdes <
100 mg Kg' de peso seco da planta (Mehra et al., 1994). Sao considerados de metais
essenciais o Fe, o Cu, o Mn, o Zn, o Co, 0 Mo, o Ni e o Na, no entanto excessivas
concentragdes destes metais no ambiente da planta podem provocar sintomas toéxicos nas
mesmas (Alloway, 1995). Operando como um factor de “stress” para as plantas, estas
desencadeiam sistemas de respostas fisioloégicas que podem ir desde pequenas alteragdes
no seu crescimento até a inibigéo total deste. Aiguns dos efeitos dos metais sao a redugéo
do crescimento da raiz, cloroses, necroses nas folnas conduzindo a sintomas de
senescéncia e abcisdo (Mehra et al., 1994). A figura 1.1 traduz uma curva de resposta de
um organismo em fung&o da concentragido de um elemento metalico essencial.
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sobrevivéncia
deficiéncia
situagdo ideal
toxicidade
letal

Resposta de um organismo

~

Dosagem de um elemento essencial

Figura 1.1 - Curva de resposta de um organismo em fungdo da dose a que se encontra exposto (Alvarenga et al.,
1998).

Em situagdes de stress as plantas desenvolvem sistemas de auto-protecgéo em relagdo aos
metais, dos quais se salienta 0 aumento da actividade antioxidante como consequéncia da
geragdo de espécies reactivas de oxigénio (ERO) na célula, a produgéo de metalotioninas e
de fitoquelatinas, compartimentagdo subcelular e exsudagdo de compostos organicos
radiculares (Toppi et al., 1998).

Estudos sobre a distribuicdo do cadmio em tecidos vegetais mostram que uma grande
fraccdo do metal absorvido é imobilizado nos tecidos da raiz, desempenhando esta uma
barreira a entrada dos metais toxicos na planta (Leita et al., 1996).

O cadmio, pela sua semelhanga com o zinco, é faciimente absorvido e translocado no
interior das plantas. A capacidade das plantas em acumular cadmio varia bastante, sendo
Lactuca sativa L. (alface), Spinacia oleracea L. (espinafre), Apium graveolens (aipo), e
Brassica oleracea (repolho) plantas que tendem a acumular o metal com facilidade. A
cultura do tabaco € particularmente acumuladora de cadmio (Crews et al., 1985; Kubois et
al., 1987; Chizzola, 1997).

1.2.1 Interacgéo solo - planta

O local onde se processam todas as trocas iénicas entre o solo e a planta (Alloway, 1995) é
designado por rizosfera e é definido como sendo a camada circular (2-5 mm) que rodeia a
raiz da planta (Mehra et al., 1994), tal como se encontra esquematizado na figura 1.2. E
neste local que se verifica quer a absorgio dos nutrientes e metais toxicos para a planta
(catiGes e anides), quer a excrecio por parte desta, de substancias inorganicas e organicas
(Davies, 1994, Cagador et al., 1996).
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Figura 1.2 - Dinimica representativa dos elementos no sistema solo-planta (rizosfera) (adaptado de Alloway,
1995).

As raizes das plantas modificam o ambiente em redor de diversas formas, sendo as mais
importantes a alteragéo dos factores ja referidos no ponto 1.1, pH, potencial redox, matéria
organica, biodisponibilidade dos metais e a actividade microbiolégica na rizosfera (Davies,
1994; Cagcador et al, 1996).

As plantas captam nutrientes e metais pesados criando um fluxo de espécies quimicas
dissolvidas no sentido do solo para a raiz e libertam exsudados (Cagador & Vale, 2001). Os
exsudados s&o compostos organicos constituidos essencialmente por acidos carboxilicos e
aminoacidos, capazes de complexar metais (Davies, 1994).

1.2.2 Absorgao e transporte de metais

A absorcio de metais pelo caule e pelas folhas nao é muito significativa (Silva, 2000) e o
processo mais comum de absor¢do de metais da-se na raiz, com a eventual translocagéo
destes para a parte aérea da planta (Alberts et al., 1990; Rozema et al., 1990).

A forma como os metais depois de absorvidos sdo translocados na planta, continua ainda
um pouco por explicar; sabe-se no entanto, que o metal é translocado no interior da planta
através do xilema (responsavel pelo transporte ascendente de agua e substancias minerais)
e do floema (responsavel pela distribuicdo das substancias minerais e organicas
sintetizadas ou transformadas no interior da planta) (Castro, 1997). Pensa-se que até certo
ponto os metais sdo transportados sob a forma i6nica ou sob a forma de complexos com
acidos organicos ou aminoacidos. Uma das explicagdes para o facto da maior parte dos
metais nas plantas se concentrar nas raizes, resulta dos metais se poderem ligar as paredes
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dos tecidos celulares da raiz, sendo este fenémeno assumido como um mecanismo de
defesa da prépria planta (Alvarenga et al., 1998).

A absorgio de metais pode ser condicionada no sé por factores intrinsecos as plantas,
mas também por factores externos, tais como, a temperatura, a luz e ainda a forma quimica
do metal no solo (Cagador et al., 2000). A distribuicdo de metais pesados na planta depende
da espécie quimica do metal que a planta absorveu e a sua absor¢do resuita de um
processo de competi¢do entre varios metais (Silva, 2000).

1.2.3 Acumulagio e Toxicidade

As plantas podem acumular metais pesados sem que esse fenémeno lhes cause
necessariamente danos profundos. Para se verificar sintomas de toxicidade, é necessario
que a planta seja afectada intrinsecamente pela presenga do metal pesado, ultrapassando a
concentragao critica toleravel desse metal. Acima dessa concentragdo, a planta pode
apresentar sinais visuais de toxicidade.

A presenca de cadmio provoca a redugio da absorcéo de nitratos e consequentemente o
seu transporte da raiz para a parte aérea e afecta todo o ciclo da fotossintese ao inibir a
reducdo de Fe(lll) a Fe(ll) (Toppi & Gabbrielli, 1999). O excesso de cadmio causa
igualmente cloroses (coloragdo palida das folhas, por perda de producdo de clorofila),
inibicdo do crescimento quer da raiz quer da parte aérea, desequilibrio no ciclo da agua no
interior da planta, deficiéncias de fosforo e azoto, redug&o no transporte de manganésio,
aceleragdo da senescéncia e inibigdo da fosforilagdo oxidativa mitocondrial (via metabdlica
que utiliza energia libertada pela oxidagdo de nutrientes de forma a produzir ATP) (Toppi &
Gabbrielli, 1999; Mishra et al., 2006).

A acumulagdo de cadmio nas plantas pode provocar o que se designa por “stress oxidativo”,
processo onde ocorre um forte desequilibrio entre a producdo de espécies reactivas de
oxigénio (ERO) e a sua desintoxicagdo através de sistemas biolégicos que as removam ou
reparem os danos por elas causados.

As espécies reactivas de oxigénio sio uma consequéncia da capacidade que o oxigénio

(O2) tem para originar estados excitados reactivos, tais como radicais livres e derivados.
Estas ERO incluem o radical superéxido (0;"), peréxido de hidrogénio (H,0,), radical
hidroxilo (OH ") e oxigénio singleto (‘02) (Sun et al., 2007).

A toxicidade do H,0, por si s6 é fraca comparada com outras ERO, no entanto na

presenca de metais de transi¢cdo, como é o caso do cadmio, pode originar o radical OH°,
uma das mais reactivas espécies oxidantes (Mittler, 2002). Contrariamente ao que acontece
com o oxigénio atmosférico, as ERO sio capazes de oxidar de forma ilimitada os varios
componentes celulares, e provocam alterages ao nivel da preservagao e integridade das
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células, podendo conduzir & destruigio das mesmas (Mittler, 2002; Sun et al., 2007). A
fitoxicidade proveniente da presenga de ERO verifica-se ao nivel dos componentes
celulares, como peroxidagao dos lipidos das membranas, oxidagédo de proteinas, inibigao
enzimatica e danos no ADN e ARN, etc. (Maksymiec et al., 2006; Mendez-Armenta et al.,
2007).

1.3 Mecanismos de defesa celular
Na presenca de metais pesados, as plantas desenvolvem alguns mecanismos para reduzir a
sua concentragdo nas células, os quais incluem (Lozano-Rodriguez et al., 1997, Toppi &
Gabbrielli, 1999):
¢ compartimentacdo deste metal em estruturas sub-celulares (vacuolos);
e exclusdo e/ou diminui¢do do transporte do metal através da membrana e celular;
o formagdo de péptidos ricos em cisteinas, como as fitoquelatinas, que podem
complexar varios metais;
e imobilizagdo do metal por compostos orgénicos quer da parede celular quer de
compostos extracelulares.

No que diz respeito ao “stress oxidativo”, originam-se comportamentos citopatolégicos de
desequilibrio entre a produgéo de radicais livres e a capacidade da célula de se defender
desses radicais (Mendez-Armenta et al., 2007).
Pelas razdes mencionadas no ponto 1.2.3, os niveis de ERO no interior das células devem
ser mantidos num intervalo estreito, para que as células possam desenvoiver mecanismos
capazes de equilibrar, neutralizar e diminuir quantidades excessivas dessas espécies
(Mittler, 2002). As plantas apresentam fundamentalmente dois tipos de resposta fisiolégica
(Mittler, 2002; Shanker et al., 2004):

e modelagido de baixos niveis de ERO, com o objectivo de sinalizar as espécies

oxidantes,

« desintoxicagao do excesso de ERO, activando o sistema de defesa antioxidante

Na figura 1.3, encontra-se esquematizado o ciclo geral das ERO, de onde se destaca a
formag&o e consumo constantes deste tipo de espécies, quer pela presenga no ciclo natural
das células, quer pelos mecanismos de “limpeza” que as células tém na sua constituicao
para se protegerem contra agentes tdxicos [1].
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Metabolismo
celular:
e —> —-———> Sensores/Receptores ~——»  Sinalizagdo de ERO
Reacgdes, formagdo
de ERO

T

Ajuste do «“ lepeza” de ERO
metabolismo (APX, CAT, GPX, ..)

T T

Figura 1.3 — Ciclo basico das ERO (adaptado de [1])

Um dos mecanismos protectores da planta é o sistema enzimatico antioxidante, o qual
envolve acgdes simultaneas e/ou sequéncias de um numero de enzimas (Maksymiec et al.,
2006), que incluem entre outras:

e Superoxido dismutase (SOD), EC 1.15.1.1"

e Catalase (CAT),EC 1.11.1.6

¢ Guaiacol peroxidase (GPX), EC 1.11.1.7

e Ascorbato peoxidase (APX), EC 1.11.1.11

O estudo da actividade enzimatica serve como critério de avaliagio da fitotoxicidade por
metais pesados em plantas (Scandalios, 1993), e o sucesso da defesa celular perante
agentes toxicos, depende da conjugagdo e da sintonia dos varios factores de proteccio, e
nédo através de uma enzima especifica (Mittler, 2002).

A resposta a presenca de Cd das enzimas antioxidantes, pode variar consoante a espécie
de planta, o tipo de tecido vegetal, e depende também do balango entre formagao e
destruigdo dos radicais livres formados (Mittler, 2002).

1.3.1 Superéxido Dismutase (SOD), EC 1.15.1.1

Presente em organismos aerébios e anaerdbios facultativos, esta enzima caracteriza um
grupo de metaloenzimas que catalizam a formagdo de H,0, a partir de radicais o;°,
consumindo-os e libertando as células do risco de oxidagio por esses radicais (Alscher et
al., 1998; Olmos et al., 2003).

A SOD ¢ a dnica enzima cuja actividade interfere nas concentragdes de H,0, e O;°, os

dois substractos da reacgdo de Haber-Weiss [2], a qual origina os radicais OH°,

" Classifi icagdo de enzimas segundo a Comissdo de Enzimas (EC): 1° digito - classe; 2° digito — subclasse; 3° digito — sub-
subclasse; 4° digito — indica o substrato



Introdugéo

e provavelmente por isso fazem parte do mecanismo de defesa central dos organismos
vivos (Alscher et al., 1998; Alscher et al., 2002).

A reacgao global de formagéo do peroxido de hidrogénio a partir de radicais superoxido
catalizada pela SOD é:

20! +2H* —¥2 H,0, + 0, (Mittler, 2002)
Esta enzima é designada por metaloenzima, uma vez que 0 seu centro activo tem
componente metalica, nomeadamente constituida por cobre/zinco (ibes divalentes
Cu?/Zn?") (Scandalios, 1993). Esta geralmente presente no citosol de células eucariotas,

nos cloroplastos, mitocondrias, peroxissomas e apoplastos (Mittler, 2002).

1.3.2 Catalase (CAT), EC 1.11.1.6
E uma enzima tetramérica que contém grupos heme, € é encontrada em todos os
organismos vivos. Devido a ampla distribuigio e capacidade de degradar rapidamente o
H,0,, foi proposto por varios investigadores que a CAT desempenha um papel
fundamental nos sistemas que capacitam os organismos a viverem em ambientes aerdbios
(Mallick et al., 2000).
A reacgdo de degradagédo do peroxido de hidrogénio catalisada pela CAT é:

H,0, + H,0, —*—0, + H,0 (Mittler, 2002)
A CAT é a Unica entre as enzimas que degradam o H,0,, que nao consome equivalentes
redutores celulares, € possui um mecanismo muito eficiente para remover este oxidante
formado nas células sob condigdes de stress (Mallick et al., 2000).
Esta fundamentalmente presente nos peroxissomas, organelo responsavel pelo

armazenamento de enzimas relacionadas com o metabolismo do H,O0, (Mittler, 2002).

1.3.3 Guaiacol peroxidase (GPX), EC 1.11.1.7
As peroxidases pertecem a familia das hemeproteinas que catalisam a oxidagdo do
substrato originando a redugdo do H,O, . Participam em varios processos metabolicos
essenciais, nomeadamente regulagédo do crescimento celular, lenhificagdo dos tecidos
celulares, oxidagdo fendlica, defesa contra agentes patogénicos e protecg@o contra stress
oxidativo (Mittler, 2002).
A designagao especifica de cada peroxidase muda consoante o dador de electroes. Para
este caso, a reacgao catalisada pela GPX é:

H,0, + AH, —*— A+2H,0 (Mittler, 2002)
em que:

H,0, = peroxido de hidrogénio (oxidante)
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AH, = guaiacol, substrato dador de electrées (redutor)

A = tetraguaiacol, substrato oxidado

Esta enzima situa-se essencialmente na membrana celular, no citosol e nos vactiolos
(Mittler, 2002).

1.3.4 Ascorbato peroxidase (APX), EC 1.11.1.11
O substrato nesta peroxidase é o acido ascérbico.
Para este caso, a reaccio catalisada pela APX é:

24sC + H,0, —*—2MDA+2H,0 (Mittler, 2002)

em que:
H,0; = perdxido de hidrogénio (oxidante)

AsC (ascorbato) = substrato dador de electrées (redutor)
MDA = monodihidroascorbato, substrato oxidado

O acido ascorbico é conhecido por assumir um papel importante na reducdo de radicais
livres de oxigénio. Estas espécies estdo normalmente envolvidas na oxidagdo do acido
ascorbico a monodihidroascorbato (MDA), levando a diminuigdo do primeiro na célula. Na

presenca de H,O,, este sofre uma redugdo originando moléculas de agua, além de MDA.

O &cido ascérbico, sendo um agente antioxidante sofre uma diminuigdo na sua
concentragédo, deixando a planta sensivel na presenca de agentes toxicos, em particular
metais pesados como o cadmio (Mittler, 2002).

Esta enzima localiza-se nos cloroplastos, no citosol, nas mitocondrias, peroxissomas e
apoplastos. No entanto a sua actividade predomina essenciaimente nos cloroplastos e na
manutengao do estado redox da célula (Mittler, 2002).

1.3.5 Geragdo de espécies reactivas de oxigénio e actividade enzimatica antioxidantes
das células

Na figura 1.4 encontra-se esquematizado a sequéncia de passos desde a geragao de
espécies ERO até aos diferentes compostos antioxidantes que actuam sobre elas para
manter o equilibrio celular (Sharma & Dubey, 2005).
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Para o transplante foram escolhidas as plantas com semelhante biomassa entre si, de modo
a garantir um crescimento uniforme nos vasos. O numero de plantas utilizado por vaso
encontra-se na tabela 2.4.

Tabela 2.4 — Numero de plantas por vaso

Planta n° de plantas por vaso
Nicotiana tabacum L. 4
Brassica juncea L. Czemn. 4
Solanum nigrum L. 4

2.2 Sistema de rega
A rega das plantas foi efectuada diariamente, colocando-se desde o inicio os vasos a 70%
da capacidade de retengao de agua.

2.3 Recolha de amostras
2.3.1 Plantas
Foram efectuadas recolhas de plantas ao fim de 90 dias apds o transplante para os vasos.

2.3.2 Solo

Para o estudo da biodisponibilidade de cadmio no solo foram realizadas dois tipos de
recolha de solo:

i) recolha no fim dos 90 dias nos vasos com plantas, e

i) recolha mensal durante um periodo de 180 dias nos vasos sem plantas.

2.4 Tratamento das amostras

2.4.1 Plantas

No final dos ensaios, a raiz foi separada da parte aérea e submetida a lavagens com agua
Milli-Q. Estas amostras foram imediatamente pesadas em fresco, congeladas em azoto
liguido e guardadas numa camara a -80°C, para posterior analise de parametros
enzimaticos e ndo enzimaticos. A restante matéria vegetal foi colocada numa estufa a 60
5°C, onde permaneceu durante 48 horas até peso constante. Depois de seca, a matéria
vegetal foi pesada e guardada em sacos de plastico hermeticamente fechados e
devidamente etiquetados até posterior analise do metal.

2.4.2 Solo
As amostras de solo recolhidas foram secas a 60 + 5°C até peso constante e crivadas por
um crivo com abertura de malha de 2 mm (Impact test, 1ISO 3310-1:2000). Por fim, foram
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guardadas em sacos de plastico hermeticamente fechados e devidamente etiquetados até

posterior andlise do metal.

3. Determinagdes efectuadas e métodos utilizados

3.1 Plantas

3.1.1 Actividade enzimatica antioxidante

Determinacao da actividade enzimatica antioxidante da Catalase (CAT), EC 1.11.1.6

A actividade enzimatica da catalase foi determinada pelo método de Aebi em Bergmeyer
1983.
Imediatamente antes da determinagdo da actividade enzimatica, procedeu-se & extracgéo

do material celular conforme descrito no esquema seguinte:

0,5g de matéria vegetal fresca (parte aérea ou raiz)

\

Macerag&o com 2g de areia esterilizada em almofariz frio, com 5SmL de tampéo de extracg&o

contendo Tris-HCI 100mM (pH 7,5), Ditiotreitol (DTT) 3mM, EDTA 1mM e 2% (p/v) de
polivinilpirrolidona (PVP)

\

Centrifugagéo a 13500 x g durante 20 minutos a 4°C

O sobrenadante foi recolhido para um recipiente adequado e utilizado para a determinagéo

da actividade enzimatica da CAT.
Perfazendo um volume total de 2,7 mL na célula de quartzo, o conjunto de reagentes
aplicados bem como a ordem de adigdo, s&o apresentados na seguinte tabela:

Tabela 2.5 — Reagentes utilizados na determinag#o da actividade enzimatica da CAT

Reagentes aplicados Volume aplicado
Tampdo Fosfato, 50mM pH 7.0 1,5mL
Extracto de amostra vegetal 200 pL
Per6xido de Hidrogénio, 30mM 1mL

Imediatamente apés a adigdo do H,O, na mistura reaccional, a absorvéncia da amostra foi

médid,a durante dois minutos a 240nm num espectrofotémetro de absorgdo molecular UV-

;:.Vié ‘évdlution 300 (Thermo Electron Corporation).
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A actividade enzimatica da CAT foi medida segundo a diminuigdo da absorvéncia do H,0,

(e = 3,94x10 mL pumol’ mm™). Uma unidade da enzima CAT é expressa em U, e é
definida como a quantidade de enzima necessaria para catalisar a decomposigéo de 1 umol

de H,0, por minuto.

Determinacdo da actividade enzimatica antioxidante da Guaiacol Peroxidase (GPX),
EC1.11.17

A actividade da guaiaco! peroxidase foi determinada por adaptagdo do método descrito em
Tang et al. 2005 e Tang et al. 2006. O extracto vegetal foi obtido de acordo com o indicado

para a catalase.
Perfazendo um volume total de 3,5 mL na célula de quartzo, o conjunto de reagentes
aplicados bem como a ordem de adigdo, sdo apresentados na seguinte tabela:

Tabela 2.6 — Reagentes utilizados na determinag@io da actividade enzimatica da GPX

Reagentes aplicados Volume aplicado
Tamp#o acetato, 0.2M (pH 6.0) 300 uL
Extracto de amostra vegetal 200 pL
Guaiacol, 30mM 2mL
Perdxido de Hidrogénio, 14mM 1 mL

Imediatamente ap6s a adigdo do H,O, na mistura reaccional, a absorvéncia da amostra foi

medida durante dois minutos a 420nm (g = 2,55 mL pmol™ mm™).

A actividade enzimatica da GPX foi medida segundo o aumento da quantidade do tetra-
guaiacol, produto da reacgdo. Uma unidade da enzima GPX & expressa em U, e é definida
como a quantidade de enzima necessaria para catalisar a oxidagdo de 1 pmol de Guaiacol
por minuto.

Determinacdo da actividade enzimatica antioxidante da Superdxido Dismutase (SOD),
EC 1.15.1.1
A actividade da superéxido dismutase foi determinada pelo método descrito em Prasad et

al., 1999. De modo a estimar a actividade enzimatica, a matéria vegetal foi preparada de
acordo com o descrito para a catalase.

Perfazendo um volume total de 2 mL na célula de quartzo, o conjunto de reagentes
aplicados bem como a ordem de adigao, séo apresentados na seguinte tabela:
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Tabela 2.7 — Reagentes utilizados na determinagio da actividade enzimatica da SOD

Reagentes aplicados Volume aplicado
Tampdo Fosfato — Hidréxido de Sédio, 100mM (pH 7.6) 875 uL
Extracto de amostra vegetal 100 uL
Solugio de Xantina 0.5mM, EDTA 0.1mM e Citocromo-C Férrico 0.05mM 1 mL
Solu¢do de Xantina-Oxidase 25 uL

A xantina oxidase (enzima auxiliar) provoca o inicio da reacgao global e imediatamente apds
a adigdo deste reagente na mistura reaccional a absorvéncia da amostra foi medida durante
dois minutos a 550nm.

Comparando a actividade enzimatica da xantina oxidase na auséncia e na presenca do
extracto vegetal, avaliou-se a actividade da SOD, a qual é definida como a quantidade de
enzima necessaria para inibir a redugéo de Citocromo — C — férrico em 50%.

Determinacio da actividade enzimatica antioxidante da Ascorbato Peroxidase (APX),
EC 1.11.1.11
A actividade da ascorbato peroxidase foi obtida segundo o método descrito em Babar et al.

2005. Imediatamente antes da determinagdo da actividade enzimatica, procedeu-se a
extracgdo do material celular conforme descrito no esquema seguinte:

0,5g de matéria vegetal fresca (parte aérea ou raiz)

v

Maceragéo com 2g de areia esterilizada em almofariz frio, com 5mL de tampé&o de extracgao
contendo Tris-HC! 100mM (pH 7,5), Ditiotreitol (DTT) 3mM, EDTA 1mM e Ascorbato de

Sédio 10mM e 2% (p/v) de PVP

v

Centrifugag&o a 13500 x g durante 20 minutos a 4°C

Perfazendo um volume total de 3 mL na célula de quartzo, o conjunto de reagentes
aplicados bem como a ordem de adig&o, s&o apresentados na seguinte tabela:

-27-



Material e Métodos

Tabela 2.8 — Reagentes utilizados na determinaggo da actividade enzimatica da APX

Reagentes aplicados Volume aplicado
Tamp#o Fosfato, SOmM (pH 7.0) 1,8 mL
Extracto de amostra vegetal 150 pL
Ascorbato de Sé6dio 0.25mM e EDTA 0.1mM 750 pL
Pero6xido de Hidrogénio, 30mM 300 pL

Imediatamente apés a adigdo do H,O, na mistura reaccional, a absorvéncia da amostra foi
medida durante dois minutos a 290nm (e = 0,28 mL pmol™’ mm™).

A velocidade de oxidagdo do acido ascérbico foi estimada através da diminuigéo da
absorvéncia apds a adigdo do H,O, na mistura reaccional. Uma unidade da enzima APX é
expressa em U, e & definida como a quantidade de enzima necessaria para catalisar a

oxidagao de 1umol de ascorbato por minuto.

3.1.2 Peroxidagao lipidica
Fez-se a medigdo dos niveis de malondialdeido, segundo Demiral and Tirkan, 2005, e

conforme descrito no esquema seguinte:

0,5g de material vegetal fresca (parte aérea ou raiz)

\

Macerag&o com 2,5mL de Acido tricloroacético (TCA)

\

Centrifugago a 10000 x g durante 20 minutos a 4°C

\

Para 1mL de sobrenadante, adicionar 4mL de solug&o 0,5% (p/v) de acido tiobarbitarico (TBA)

em TCA 20% (p/v)

\

Aquecimento a 95°C durante 30 minutos

\

Arrefecimento rapido em banho de gelo

A absorvéncia da amostra foi medida aos 532 nm, o que representa a absor¢éo maxima do
malondialdeido, e aos 600nm foi feita uma correcgio & absorgéo de turbidez néo-especifica,
afim de eliminar interferentes formados na reacgdo. A concentragdo do malondialdeido foi

calculada usando € =155 mM" cm™
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3.1.3 Determinagédo do Cd nos tecidos vegetais

As amostras vegetais secas e moidas foram peneiradas num crivo com didametro de
abertura de malha de 100 um (Haver & Boecker 76 x 22 mm, ISO 3310-1:2000) e sujeitas
novamente a secagem até peso constante.

Para a determinagdo da concentragdo de cadmio nos tecidos vegetais, recorreu-se ao
ataque acido da amostra recorrendo a duas técnicas analiticas distintas:

i) digestdo por micro-ondas (MO) e

ii) extracgdo com sonda de ultra-sons (US).

A leitura dos teores de cadmio em solucao foi feita por espectrometria de absorgéo atémica
com chama (EAAC) num AA Spectrometer S series (Thermo Electro Corporation).

Cada uma das duas técnicas atras referidas teve um procedimento analitico especifico. No
entanto, para a quantificagdo dos teores de Cd foi sempre aplicado o método da recta de

calibracéo.

3.1.3.1 Extracgéo por Microondas (MO):
A extracgao do metal nos tecidos vegetais foi feita de acordo com o esquema:

Pesar 15-20 mg de matéria vegetal seca em vasos de digestéo de PTFE

Adic80 de: 2mL de HNO; 65% + 100uL de H,0, 30%

v

Digestéo no MO:
Poténcla do MW (watts) Tempo (minutos)
300 3
0 6
300 3
0 6
450 2
0 8
450 2

Arrefecer os vasos de digestao até 4 temperatura ambiente

v

Transferir a amostra para um bal&o volumétrico de 10mL, e perfazer com agua Milli-Q

v

Determinagao de Cd por EAAC
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3.1.3.2 Extracgdo por Ultra-sons (US):
A extracgdo do metal nos tecidos vegetais foi feita de acordo com o esquema:

Pesar 15-20mg de matéria vegetal seca em tubos de ensaio de polietileno

v

Adicao de 2ml. de HNO; 2%

v

Sonda de US (Bandelin Sonoplus):
1 mm de didmetro, amplitude de sonicag&o de 10% durante 3 minutos.

v

Adic&o de 1mL de agua Milli-Q

v

Centrifugag&o a 4500 rpm durante 10 minutos & temperatura ambiente

\

Transferir 2,5mL de sobrenadante para um bal&o volumétrico de 10mL,
e perfazer com agua Milli-Q

v

Determinagéao de Cd por EAAC

3.1.3.3 Validagdo da extracgdo com sonda de ultra-sons

De acordo com trabalhos experimentais anteriormente desenvolvidos no laboratério, a
validagdo da técnica de ultra-sons foi efectuada sobre um material de referéncia certificado,
nomeadamente folha de espinafre NIST — SRM 1570 (valor certificado: 2,89 + 0,07 mg Cd
kg™ de matéria seca), e em amostras de matéria vegetal seca de B. juncea e de S. nigrum.
Apos sonicagdo das amostras com sonda de ultra-sons em meio acido, de acordo com a
metodologia descrita anteriormente, a recuperagao total obtida foi cerca de 95 + 5%.

No entanto as condigdes experimentais aplicadas ndo podem ser generalizadas para todas
as plantas, uma vez que uma parte consideravel da amostra fica por solubilizar apés a
aplicagdo dos ultra-sons. A validagdo da técnica de ultra-sons deve ser feita para cada
planta estudada, e sempre através da comparagdo com o método de digestdo por micro-
ondas.

Atendendo a que se utilizaram plantas em condigdes diferentes neste trabalho em relagéo
as testadas na validagéo prévia, foram aplicadas as duas técnicas de extracgdo para
quantificagdo do metal a todas as plantas utilizadas.

Os resultados obtidos nas taxas de recuperagdo do cadmio nos tecidos vegetais para a
concentragdo mais baixa aplicada ao solo, i.e. 5 mg Cd kg”, usando a sonda de ultra-sons
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foram cerca de 95 + 5%. A extracgdo com digestdo de microondas foi aplicada quando os
resultados com sonda de ultra-sons originaram taxas de recuperag&o inferiores.

3.2 Solo

3.2.1 Determinagio dos metais: Cd, Zn, Pb e Cu

Para determinar a biodisponibilidade dos metais nas amostras de solo, procedeu-se a
realizagdo de extracgbes com diferentes extractantes, em diferentes tempos de

amostragem, de acordo com a tabela 2.9.

Tabela 2.9 — Solugio de extracgio, metal analisado e tempo de amostragem

Extractantes Metais Tempo de

utilizados analisados amostragem Referéncias

Novozamsky et
al., 1993; Lo &
EDTA 0.05M", Yang 1999,

NaNO, 0.1M 2, 90 dias ap6s Schramel et al.,

Ensaio com plantas | CaCl,0.01M' Cd, Zn,Pbe Cu trans Iar’l)te 2000; Sahuquillo
CaCl, 0.1M", e P et al, 2003;

CaCl, 0.5M" Pueyo et al,

2004; Feng et al.,

2005

EDTA 0.05M", Sahuquillo et al.,
NaNO, 0.1M 2 0, 30, 60, 90, 120, | 2003; Pueyo et

Ensaio sem plantas | CaCl, 0.01M", Cd, Zn,Pbe Cu | 150 e 180 dias ap6s | al., 2004, Gupta
CaCl, 0.1M', e transplante & Sinha 2007,

CaCl, 0.5M" Feng et al., 2005

' — 10 mL por grama de amostra; 2_2,5mL por grama de amostra

As extracgdes foram executadas de acordo com o seguinte esquema:

Adicionar 40mL da solugéo extractante

v

Agitar durante 16 horas a 22 + 5°C

v

Centrifugar a 3500 rpm durante 20 min, filtrar e acidificar

(1,5mL de HNO; 65% por litro de solug&o)

v

Determinagéo do metal por EAAC
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O método usado para a quantificagdo dos teores de metais, foi o da recta de calibragao.

O teor de Zn, Pb e Cu presentes no solo foram considerados desprezaveis face a
contaminagdo com cadmio. De entre os varios extractantes utilizados, apenas se
consideraram os resultados com CaCl, 0,1 mol L™ como extractante.

3.2.2 Determinagdo do pH em amostras de solo

Neste trabalho determinou-se o pH das amostras dos solos retiradas dos vasos sem planta,
de acordo com Pueyo et al., 2008. Assim foram feitas determinagfes de pH sobre as
recolhas efectuadas para: 0, 30, 60, 90, 120, 150 e 180 dias, de acordo com o esquema:

Adicionar 25mL de agua Milli-Q a 10g de solo

v

Agitacao durante 2 horas a 22 1 5°C, e repouso durante 30min

v

Medigdo de pH

(Potenciémetro Metrohm 632 pH-Meter)

3.2.3 Caracterizagdo mineralégica do solo por Difrac¢ao de Raios X

Para a caracterizagio mineralégica do solo, usou-se um difractémetro marca Bruker AX3-D8
Advance com radiacdo CuK, (A = 0,154 nm). Os angulos 20 escolhidos foram de 5° a 75°
com incrementos de 0,05°.

As amostras de solo foram previamente peneirados num crivo com diametro de abertura de
malha de 106 um e devidamente homogeneizadas num almofariz de agata. A caracterizagéo
mineral foi feita a temperatura ambiente.

O solo apresentou ser maioritariamente arenoso, tendo na suas constituigdo maioritaria
silicatos (quartzo), e silicatos de aluminio (feldspato e ortoclase). Como constituintes
minoritarios apresentou argila (caulinite) e mica (ilite) (Anexo I).

4. Avaliagao estatistica dos resultados

Todos os resultados apresentados, foram expressos como média + erro padrdo (SE). A
andlise estatistica foi efectuada utilizando o programa SPSS® versio 14.0. As comparagdes
entre o controlo e os restantes tratamentos foram efectuadas usando ANOVA unifactorial
com o teste LSD (least-significant-differences). Nas comparagdes entre plantas foi aplicada
ANOVA multifactorial, com o teste de Tukey ou Scheffé.
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A significancia dos valores de F calculados foi estabelecida para probabilidades inferiores a
0.05, considerando-se as diferengas entre as médias significativas para p < 0.05 e muito

significativas para p < 0.01.
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Conclusbes

Foi observado um aumento de produgio biomassa na N. tabacum e B. juncea ate aos 15
mg Cd kg™'. Comparando estas duas plantas, a N. tabacum apresentou maior quantidade de
cadmio extraido por planta, maior factor de bioconcentragdo (FB) assim como factor de
translocagdo (FT). Com valores de FT e FB >1.0, a planta N. tabacum pode ser classificada
como hiperacumuladora de cadmio. Por outro lado, o FT da B. juncea demonstrou elevado
potencial fitoextractor para elevadas concentragdes de cadmio, uma vez que o FT aumentou
com os niveis de contaminagdo. O FB foi sempre >1.0, demonstrando uma acumulagao
eficiente do metal.

Para o caso da S. nigrum foram observados os maiores valores de FT e FB na presenga de
5 mg Cd kg™. As maiores concentragées de cadmio promoveram a acumulagdo do metal na
raiz, limitaram a sua translocagao para a parte aérea originando a diminuigéo de FT e FB.
Apesar da S. nigrum ter apresentado o maior resultado de biomassa no controlo, o
crescimento da B. juncea e N. tabacum néao foi tédo afectado desde logo na presenga de 5
mg Cd kg' de solo. O crescimento da parte aérea da S. nigrum foi muito sensivel a
presenca do cadmio, com reducgéo significativas desde os 5§ mg Cd kg™ de solo, devido as
elevadas quantidades de cadmio presentes na parte aérea (cerca de 200 mg Cd kg™ de
peso seco).

Os resultados demostraram igualmente a activagdo de componentes importantes nos
mecanismos de defesa antioxidante nas trés espécies de plantas, como resposta de
adaptacdo e/ou inversdo do efeito da presengca de espécies reactivas de oxigenio,
especialmente nos tratamentos com 15 e 35 mg Cd kg™ de solo. No entanto esta resposta
ndo foi suficiente para prevenir danos oxidativos, levando ao aumento da peroxidagao
lipidica. As diferentes enzimas e diferentes gamas de actividade na raiz e parte aérea
sugerem que foram activados diferentes mecanismos antioxidantes nos varios
compartimentos das plantas.

No geral, foram observados aumentos significativos nos resultados de peroxidagao lipidica e
nas actividades da CAT, APX e GPX na raiz e parte aérea de B. juncea e S. nigrum, para os
maiores niveis de contaminagdo de cadmio, 15 e 35 mg Cd kg™'. Para a parte aérea e raiz
da N. tabacum, foi observada a mesma tendéncia para a CAT, APX e peroxidagao lipidica. A
actividade da CAT foi superior na parte aérea em todas as plantas para todas as
concentragdes de cadmio, provavelmente originadas por mecanismos fotossintéticos e
fotorespiracédo da parte aérea, levando ao aumento da concentragéo de H,O,. A N. tabacum
foi a planta que apresentou maiores aumentos na actividade da CAT, quer na raiz quer na
parte aérea.
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Conclusfes

Comparando com as restantes plantas, a resposta da GPX na B. juncea foi a mais positiva,
com aumentos significativos na actividade enzimatica da parte aérea desde os 5 mg Cd kg,
enaraizaos 15e 35 mg Cd kg™

A duragdo do ensaio parece ter influenciado o comportamento da SOD. Futuramente
sugere-se um ensaio dinamico de modo a monitorizar ao longo do tempo as alteragbes na

actividade desta enzima.
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Efeito do cadmio na produgéo de biomassa vegetal
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Tabela A1 - Resultados obtidos de biomassa (g de peso seco por planta) na parte aérea e na raiz da planta

B. juncea

B. juncea mg Cd kg solo

0 5 15 35
0,340 0,782 6,176 1,224
Parte aérea 0,470 0,709 11,022 2,113
média 0,400 0,745 8,599 1,669
SE 0,060 0,040 2,420 0,440
0,263 0,661 4,923 0,413
Raiz 0,375 0,676 3,396 0,362
0,888
média 0,319 0,668 4,159 0,554
SE 0,056 0,007 0,763 0,168

Tabela A2 - Resultados obtidos de biomassa (g de peso seco por planta) na parte aérea e na raiz da planta
N. tabacum

N. tabacum mg Cd k " solo
0 5 15 35
0,544 1,725 3,159 0,615
Parte aérea 0,584 1,145 5,709 0,536
0,875 3,090 0,837
média 0,564 1,248 3,986 0,663
SE 0,020 0,251 0,862 0,090
0,150 0,223 0,429 0,049
Raiz 0,153 0,129 0,449 0,059
0,127

média 0,151 0,160 0,439 0,054
SE 0,002 0,032 0,010 0,005
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Tabela A3 - Resultados obtidos de biomassa (g de peso seco por planta) na parte aérea e na raiz da planta
S. nigrum

. mg Cd kg solo
S. nigrum 0 5 15 35
1,848 0,567 0,765 0,436
Parte aérea 1,879 0,430 0,593 0,300
1,206 0,794 0,962 0,538
média 1,645 0,597 0,773 0,425
SE 0,219 0,106 0,107 0,069
0,731 0,293 0,479 0,243
Raiz 0,715 0,516 0,659 0,166
0,691 0,676
média 0,723 0,500 0,605 0,205
SE 0,008 0,115 0,063 0,038
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ANEXO I

Acumulagédo de Cd nos tecidos vegetais
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Tabela A4 - Resultados obtidos para as concentragdo de cadmio nos tecidos vegetais na parte aérea e na

raiz (mg Cd kg~ de peso seco)

mg Cd kg solo mg Cd kg’ solo
5 [se| 15 | se| 35 | sE 5 |seE| 15 |se| 35 [ sE
Parte Aérea Raiz
32,52 60,86 172,75 118,82 124,73 265,02
B. juncea 22,23 63,54 193,17 86,4 129,69 240,08
19,85 63,39 259,36
2487 67 | 6260 15 | 182,96 150 ] 102,61 22,9 | 127,21 35 | 254,82 13,1
133,15 155,55 383,14 19,33 88,36 389,65
N. tabacum | 13641 166,4 493,15 16,26 53,51 529,05
507,16 29,56 401,21
13478 2,3 [160,98 7.7 | 461,15 67,9 21,72 7,0 | 70,94 246 | 439,97 77,3
195,88 323,15 580,88 78,44 557,54 912,40
) 211,34 371,56 497,26 81,11 523,47 773,14
S. nigrum 201,19 452,97 1078,50
202,80 7,9 | 382,56 656 | 539,07 591 | 79,78 1,9 | 540,51 24,1 | 921,35 1529
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ANEXO IV

Peroxidagao Lipidica
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Tabela A5 - Resultados obtidos para a peroxidagao lipidica (produg&o de malondialdefdo, nmol por grama
de peso fresco) nos tecidos vegetais na parte aérea e na raiz da planta B. juncea

B. juncea mg Cd kg solo
0 5 15 35
1,1854 | 2,8339 | 3,8799 | 2,5898
Parte aérea 1,3050 | 2,2283 | 4,0262 | 1,7720
1,2700 | 1,5556 | 4,0381 1,9412
1,1176
média 1,22 2,20 3,98 2,10
SE 0,04 0,37 0,05 0,25
0,2923 | 0,4166 | 0,6550 | 0,4976
Raiz 0,3331 | 0,3885 | 0,4250 | 0,4456
0,2414 | 0,4437 | 0,5561 | 0,5644
0,3408
média 0,30 0,42 0,54 0,50
SE 0,02 0,02 0,07 0,03

Tabela A6 - Resultados obtidos para a peroxidagao lipidica (produg&o de malondialdeido, nmol por grama

de peso fresco) nos tecidos vegetais na parte aérea e na raiz da planta N. tabacum

N. tabacum mg Cd kg’ solo
0 5 15 35
1,3947 | 1,8957 | 3,3106 | 2,0448
Parte aérea 1,35642 | 1,7414 | 3,0709 | 2,4591
1,3718 | 1,6765 | 2,4875 | 1,8030
3,3019
média 1,37 1,77 3,04 2,10
SE 0,01 0,06 0,19 0,19
0,8601 | 0,3197 | 0,7538 | 0,7571
Raiz 0,6050 | 0,3516 | 0,6580 | 0,6209
0.6812 0,6746 | 0,5897
0,6547 0,6685
média 0,70 0,33 0,68 0,65
SE 0,05 0,01 0,02 0,05
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Tabela A7 - Resultados obtidos para a peroxidagao lipidica (produgéo de malondialdeido, nmol por grama
de peso fresco) nos tecidos vegetais na parte aérea e na raiz da planta S. nigrum

S. nigrum mg Cd kg™ solo
0 5 15 35

1,9389 1,6334 2,2043 2,1372
Parte aérea 1,3659 1,7655 1,9772 2,6328
25734

média 1,65 1,70 2,09 2,45

SE 0,004 0,07 0,11 0,16
0,5094 0,0617 0,4650 1,0466
Raiz 0,5195 0,1259 0,1821 0,9864
0,3394 0,9641 0,7232

0,9571
média 0,46 0,09 0,64 0,92
SE 0,06 0,03 0,16 0,10
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Stress Oxidativo - Catalase
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Tabela A8 - Resultados obtidos para a actividade enzimatica da CAT (U por grama de peso fresco) nos
tecidos vegetais da parte aérea e da raiz da planta B. juncea

. mg Cd kg™ solo
B. juncea 0 5 15 35
22,84 78,93 184,01 | 101,60
Parte aérea 27,79 90,46 176,66 95,71
32,72 52,2
média 27,78 73,86 180,34 | 98,66
SE 2,85 11,33 3,68 2,94
13,12 10,23 22,88 24,94
12,35 11,02 13,38 20,99
Raiz 13,79 18,70 14,36 32,30
11,00
11,89
média 12,43 10,66 13,41 20,39
SE 0,48 2,70 3,02 3,31

Tabela A9 - Resultados obtidos para a actividade enzimatica da CAT (U por grama de peso fresco) nos
tecidos vegetais da parte aérea e da raiz da planta N. tabacum

N. tabacum mg Cd kg‘ solo
0 5 15 35
69,4 76,64 95,39 132,14
Parte aérea 54,41 75,71 104,82 225,43
116,99
média 61,91 76,18 105,73 178,79
SE 7,49 0,46 6,25 46,64
17,1 3,19 24,31 26,76
13,6 6,36 20,1 27,21
Raiz 13,85 8,62 30,68 21,42
15,63 27,06
19,12
média 15,86 6,06 25,54 2513
SE 1,03 1,57 2,23 1,86

-81-



Tabela A10 - Resultados obtidos para a actividade enzimatica da CAT (U por grama de peso fresco) nos

tecidos vegetais da parte aérea e da raiz da planta S. nigrum

S. ni mg Cd kg™ solo
. nigrum
0 5 15 35
31218 | 242.01 | 2725 | 440,65
30762 | 231.84 | 37886 | 511,91
P n 1 + 3 1]
arte aérea 298,54 | 29039 | 487,53
278,58
média 20023 | 19558 | 379,63 | 476,28
SE 7,44 1806 | 62,07 | 3563
16.85 | 1452 | 3514 | 67,62
Raiz 1445 | 1095 | 5259 | 564
19,01 4082 | 56,99
média 16,77 908 | 3342 | 4616
SE 1,32 1,78 5,14 3,64
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Stress Oxidativo - Ascorbato — Peroxidase
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Tabela A11 - Resultados obtidos para a actividade enzimatica da APX (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta B. juncea

A
B.j mg Cd kg™~ solo
Juncea 0 5 15 35
00134 | 00378 | 01185 | 0,0403
Parte aérea 00118 | 0024 | 00843 | 0,0425
00116
0,0076
média 0,010 | 0,030 | 0,00 | 0,040
SE 0,0012 | 0,0069 | 0,017 | 0,0011
0022 | 0,0183 | 0,057 | 0,0816
Raiz 0,0206 | 00176 0,0793
00263 | 00218 | 00383 | 0,1198
00263
média 0,020 | 0020 | 0048 | 0,090
SE 0,0015 | 0,0013 | 0,0094 | 0,0131

Tabela A12 - Resultados obtidos para a actividade enzimatica da APX (U por grama de peso fresco) nos
tecidos vegetais da parte aérea e da raiz da planta N. tabacum

N. tabacum _mg Cd kg solo
0 5 15 35
12,53 5,38 11,06 13,98
11,35 8,61 15,53 19,16
Parte aérea 13,00 15,5
10,57
13,17
média 12,12 7,00 14,03 16,57
SE 0,50 1,61 1,48 2,59
517 2,35 12,72 15,93
5,29 1,90 12,07 13,50
Raiz 5,36 11,24
5,03
5,48
média 5,27 213 12,01 14,72
SE 0,07 0,22 0,42 1,21
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Tabela A13 - Resultados obtidos para a actividade enzimatica da APX (U por grama de peso fresco) nos
tecidos vegetais da parte aérea e da raiz da planta S. nigrum

3
S. nigrum mg Cd kg™ solo
0 5 15 35
3,55 5,01 9,43 10,58
< 5,17 9,15 10,86 16,97
P 1 ) 1 1
arte aérea 43 8.32
5,97
meédia 4,75 7,08 9,54 13,78
SE 0,52 2,07 0,74 3,20
1,67 1,03 2,8 2,33
Raiz 1,18 0,54 3,74 1.4
1,13 0,8 3,87 1,69
3,03
média 1,33 0,79 3,36 1,81
SE 0,17 0,14 0,26 0,27
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ANEXO Vi

Stress Oxidativo - Guaiacol — Peroxidase
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Tabela A14 - Resultados obtidos para a actividade enzimatica da GPX (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta B. juncea

K]
B. juncea mg Cd kg™ solo
0 5 15 35
0,89 6,05 5,78 5,98
0,6 5,37 7,33 6,09
Parte aé J ! ! !
¢ acrea 0,87 6,77 7,45
0,97
média 0,83 5,71 6,63 6,51
SE 0,08 0,34 0,45 0,47
9,41 14,13 16,92 17.9
11,86 16,1 14,02 20,74
. 11,01 18,44 19,69 24,93
Raiz 9,63
12,38
13,12
média 11,24 16,22 16,88 21,19
SE 0,61 1,24 1,64 2,04

Tabela A15 - Resultados obtidos para a actividade enzimatica da GPX (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta N. tabacum

N. tabacum mg Cd k94 solo
0 5 15 35
5,98 3,25 4,14 3,57
3,49 2,49 4,84 3,80
Parte aérea 5,14 2,28 4,69 4,10
2,48 3,43
2,80 7,72
média 3,98 2,67 4,96 3,82
SE 0,68 0,29 0,31 0,15
7.95 3,71 6,33 12,28
Raiz 6,02 2,74 8,24 8,05
9,00 7,48 6,78
média 7,66 3,23 7,35 9,04
SE 0,87 0,48 0,55
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Tabela A16 - Resultados obtidos para a actividade enzimatica da GPX (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta S. nigrum

, Cd kg™ solo
S. mg g
nigrum 0 5 15 35
18 172 362 | 508
1,32 2.3 229 | 639
Parte aérea 1,31 3,68 2,72 4,98
1,44
0,85
média 1,34 2,57 288 | 548
SE 0,15 0,58 039 | 045
188 0,59 215 | 318
. 0,42 0,82 103 | 2,35
Raiz 0.4 0.54 232 | 223
115
média 0,96 0,51 1,83 | 259
SE 0,35 0,09 040 | 0,30
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Stress Oxidativo - Superoxido — Dismutase
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Tabela A17 - Resultados obtidos para a actividade enzimatica da SOD (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta B. juncea

. mg Cd kg solo
B.
juncea 0 5 15 35
29,55 33,31 24,01 22,64
26,89 33,24 26,98 19,56
P rt ' 1 1 1
arte aérea 23,73 32,43
23,51
média 26,72 32,99 25,50 21,10
SE 1,44 0,28 1,48 1,54
29,43 19,16 27,61 22,04
26,51 23,77 22,85 22,28
Raiz 28,97 24,47 25,05 25,09
28,15
29,85
média 28,58 22,47 2517 23,14
SE 0,59 1,66 1,38 0,98

Tabela A18 - Resultados obtidos para a actividade enzimatica da SOD (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta N. tabacum

A
N. tabacum mg Cd kg solo
0 5 15 35
2221 | 1659 | 3142 | 2223
2746 | 1548 | 3181 | 2529
Part : - : '
arte aérea 2871 | 1550 | 3563 | 2862
30,08
média 2712 | 1586 | 32,95 | 2538
SE 1,72 0,36 227 | 1,84
2436 | 2024 | 2473 | 3128
Raiz 2732 | 1701 | 3003 | 3265
2713 | 2473
média 2627 | 2066 | 27,38 | 31,97
SE 1,70 2,23 137 | 1,30
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Tabela A19 - Resultados obtidos para a actividade enzimatica da SOD (U por grama de peso fresco) nos
tecidos vegetais na parte aérea e na raiz da planta S. nigrum

) mg Cd kg™ solo

S. nigrum 0 5 %l 15 35
27,59 32,84 39,46 24,54
Parte aérea 31,48 39,98 37,78 24,87
32,75 35,87 36,59
média 30,61 36,41 37,70 28,67
SE 1,55 3,57 1,04 3,96
23,08 23,2 27,23 32,66
Raiz 21,26 23,22 27,03 22,66
22,35 22,72 29,56 20,69
média 22,23 23,05 27,94 25,34

SE 0,53 0,16 0,81 3,7
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ANEXO IX

Efeito do cadmio na produgdo de biomassa vegetal
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Tabela A1 - ANOVA da produgéo de biomassa na parte aérea da B. juncea

ANOVA
BiomassaPA
Sum of
Squares df Mean Square F Sig.
Between Groups 89,708 3 29,903 9,846 ,026
Within Groups 12,148 4 3,037
Total 101,856 7

Tabela A2 - Comparagao mitiltipla entre os diferentes tratamentos de cadmio na produgéo de biomassa, na

parte aérea da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: BiomassaPA
Mean
Difference 95% Confidence Interval |

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 -,340500 | 1,742709 997 -7,43482 6,75382
15 -8,194000* | 1,742709 ,031 -15,28832 -1,09988
35 -1,263500 | 1,742709 ,883 -8,35782 5,83082
5 ] 340500 | 1,742709 ,997 -6,75382 7,43482
15 -7.853500* | 1,742709 ,036 -14,94782 -,75918
35 -,923000 | 1,742709 ,947 -8,01732 6,17132
15 o] 8,194000* | 1,742709 ,031 1,09968 15,28832
5 7,853500% | 1,742709 ,038 ,75918 14,94782
35 6,930500 | 1,742709 ,054 -,16382 14,02482
35 0 1,263500 { 1,742709 ,883 -5,83082 8,35782
5 ,923000 | 1,742709 947 -6,17132 8,01732
15 -6,930500 | 1,742709 ,054 -14,02482 ,16382
Scheffe 0 5 -,340500 | 1,742709 ,998 -8,09000 7,40900
15 -8,194000% | 1,742709 ,042 -15,94350 -,44450
35 -1,263500 | 1,742709 ,908 -8,01300 6,48600
5 0 ,340500 | 1,742709 ,998 -7,40900 8,08000
15 -7,853500* | 1,742709 ,048 -15,60300 -,10400
35 -,923000 | 1,742709 ,960 -8,67250 6,82650
15 o] 8,194000" | 1,742709 ,042 44450 15,94350
5 7,853500" | 1,742709 ,048 ,10400 15,60300
35 6,930500 | 1,742709 ,071 -,81900 14,68000
35 o] 1,263500 | 1,742709 ,808 -6,48600 9,01300
5 ,823000 | 1,742709 ,860 -6,82650 8,67250
15 -6,930500 | 1,742709 071 -14,68000 ,81900
LSD 0 5 -,340500 | 1,742709 855 -5,17903 4,49803
15 -8,194000* | 1,742709 ,009 -13,03253 -3,35547
35 -1,263500 | 1,742709 ,509 -6,10203 3,57503
5 0 ,340500 | 1,742709 ,855 -4,49803 5,17903
15 -7,853500* | 1,742709 011 -12,69203 -3,01497
35 -,923000 | 1,742709 ,624 -5,76153 3,91553
15 0 8,194000" | 1,742709 ,009 3,35547 13,03253
5 7,853500" | 1,742709 011 3,01497 12,69203
35 6,930500" | 1,742709 016 2,09197 11,76903
35 0 1,283500 | 1,742709 ,509 -3,567503 6,10203
5 923000 | 1,742709 624 -3,91553 5,76153
15 -6,830500% | 1,742709 016 -11,76903 -2,09197

*. The mean difference is significant at the .05 level.
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Tabela A3 — Comparagéo multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa, na
parte aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: BiomassaPA
Mean
Difference 99% Confidence Interval

(1) CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 -,340500 | 1,742709 ,997 -11,64414 10,96314
15 -8,194000 | 1,742709 ,031 -19,49764 3,10064
35 -1,263500 | 1,742709 ,883 -12,56714 10,04014
5 0 ,340500 | 1,742709 997 -10,96314 11,64414
15 -7,853500 | 1,742709 036 -19,15714 3,45014
35 -923000 | 1,742709 947 -12,22664 10,38064
15 0 8,194000 | 1,742709 031 -3,10964 19,49764
5 7,853500 | 1,742709 ,036 -3,45014 19,15714
35 6,930500 | 1,742709 ,054 -4.37314 18,23414
35 0 1,263500 | 1,742709 ,883 -10,04014 12,56714
5 ,923000 | 1,742709 ,947 -10,38064 12,22664
15 -6,930500 | 1,742709 ,054 -18,23414 4,37314
Scheffe 0 5 -,340500 | 1,742709 ,998 -12,67355 11,99255
15 -8,194000 | 1,742709 ,042 -20,52705 4,13905
35 -1,263500 | 1,742709 ,808 -13,59655 11,06955
5 0 ,340500 | 1,742709 ,998 -11,99255 12,67355
15 -7,853500 | 1,742709 048 -20,18655 4,47955
35 -,923000 | 1,742709 960 -13,25605 11,41005
15 0 8,194000 | 1,742709 ,042 -4,13905 20,52705
5 7.853500 | 1,742709 ,048 -4,47955 20,18655
35 6,930500 | 1,742709 071 -5,40255 19,26355
35 0 1,263500 | 1,742709 ,908 -11,06955 13,59655
5 923000 | 1,742709 960 -11,41005 13,25605
15 -6,930500 | 1,742709 071 -19,26355 5,40255
LSD 0 5 -,340500 | 1,742709 ,855 -8,36410 7,68310
15 -8,194000* | 1,742709 ,009 -16,21760 -, 17040
35 -1,263500 | 1,742709 ,509 -9,28710 6,76010
5 0 ,340500 | 1,742709 ,855 -7,68310 8,36410
15 -7,853500 | 1,742709 011 -15,87710 ,17010
35 -,823000 { 1,742709 624 -8,94660 7,10060
15 0 8,184000*{ 1,742709 ,008 ,17040 16,21780
5 7,853500 | 1,742709 011 -,17010 15,87710
35 6,930500 | 1,742709 016 -1,09310 14,95410
35 0 1,263500 | 1,742709 ,509 -6,76010 9,28710
5 ,923000 | 1,742709 624 -7,10060 8,94660
15 -6,930500 | 1,742709 ,016 -14,95410 1,09310

*. The mean difference is significant at the .01 level.
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Tabela A4 - ANOVA produgao de biomassa na raiz da B. juncea

ANOVA
BiomassaR
Sum of
Squares df Mean Square F Sig.
Between Groups 20,737 3 6,912 25,781 ,002
Within Groups 1,341 5 ,268
Total 22,077 8

Tabela A5 — Comparag&o multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa, na
raiz da B. juncea com p<0,05

Muitiple Comparisons

Dependent Variable: BiomassaR

Mean

Difference 95% Confidence interval
_ () CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,348500 517793 ,902 -2,26011 1,56111
15 -3,840500%| ,517793 ,003 -5,75111 -1,92989
35 -,235333 472678 ,956 -1,97948 1,50881
5 4] ,349500 517793 .902 -1,56111 2,26011
15 -3,491000" 517793 ,004 ’ -5,40161 -1,58039
35 114167 472678 ,994 -1,62998 1,85831
15 0 3,840500*| ,517793 ,003 1,92989 575111
5 3,491000*| ,517793 ,004 1,58039 5,40161
35 3,605167*| ,472678 ,002 1,86102 5,34931
35 0 ,235333 472678 ,956 -1,50881 1,97948
5 -, 114167 472678 ,994 -1,85831 1,62998
15 -3,605167*| ,472678 ,002 -5,34931 -1,86102
Scheffe 0 5 -,349500 517793 924 -2,43540 1,73640
15 -3,840500* | ,517793 ,004 -5,92640 -1,75460
35 -,235333 472678 967 -2,13949 1,66883
5 0 ,349500 ,517793 ,924 -1,73640 2,43540
15 -3,491000*| ,517793 ,008 -5,57690 -1,40510
35 ,114167 472678 ,996 -1,78999 2,01833
15 0 3,840500*| ,517793 004 1,75460 5,92640
5 3,491000" 517793 ,006 1,40510 5,57690
35 3,605167*| ,472678 ,003 1,70101 5,50933
35 0 ,235333 472678 967 -1,66883 2,13949
5 -,114167 472678 996 -2,01833 1,78999
15 -3,605167*] ,472678 ,003 -5,50933 -1,70101
LSD 0 5 -,349500 517793 ,5630 -1,68053 ,08153
15 -3,840500*| ,517793 ,001 -5,17153 -2,50947
35 -,235333 472678 ,640 -1,45039 87973
5 0 ,349500 517793 ,630 -,98153 1,68053
15 -3,491000*| ,517793 ,001 -4,82203 -2,15997
35 ,114167 A72678 ,819 -1,10089 1,32923
15 0 3,840500*| ,517793 ,001 2,50047 5,17153
5 3,491000" ,517793 ,001 2,15997 4,82203
35 3,605167*| ,472678 ,001 2,39011 4,82023
35 0 ,235333 472678 ,640 -.97973 1,45039
5 -, 114167 A72678 819 -1,32923 1,10089
15 -3,605167* | ,472678 ,001 -4,82023 -2,39011

*. The mean difference is significant at the .05 level.
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Tabela A6 — Comparagao multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa, na
raiz da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: BiomassaR
Mean
Difference 99% Confidence Interval

() CdR _ (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,349500 517793 ,802 -3,20688 2,50788
15 -3,840500* 517793 ,003 -6,69788 -,98312
35 -,235333 472676 956 -2,84375 2,37308
5 0 ,349500 517783 ,902 -2,50788 3,20688
15 -3,491000" 517793 ,004 -6,34838 -,63362
35 114167 472678 994 -2,49425 2,72258
15 0 3,840500*| 517793 ,003 ,98312 6,69788
5 3,491000* 517793 ,004 ,63362 6,34838
35 3,605167* 472678 ,002 ,89675 6,21358
35 0 ,235333 472678 ,956 -2,37308 2,84375
5 -114167 472678 994 -2,72258 2,49425
15 -3,605167* 472678 ,002 -6,21358 -,98675
Scheffe 0 5 -,349500 517793 ,924 -3,46401 2,76501
15 -3,840500* 517793 ,004 -8,95501 -,72599
35 -,235333 472678 ,967 -3,07848 2,60781
5 0 ,349500 517793 924 -2,76501 3,46401
15 -3,491000* 517793 ,006 -6,60551 -,37649
35 ,1114167 472678 ,996 -2,72898 2,95731
15 0 3,840500* 517793 ,004 ,72599 6,95501
5 3,491000* 517793 ,006 ,37649 6,60551
35 3,605167* 472678 ,003 ,76202 6,44831
35 0 ,235333 472678 ,967 -2,60781 3,07848
5 -,114167 472678 ,996 -2,95731 2,72898
15 -3,605167* 472678 ,003 -6,44831 -,76202
LSD 0 5 -,349500 517793 ,530 -2,43732 1,73832
15 -3,840500* 517793 ,001 -5,92832 -1,75268
35 -,235333 472678 ,640 -2,14124 1,67057
5 0 ,349500 517793 ,530 -1,73832 2,43732
15 -3,491000" 517793 ,001 -5,57882 -1,40318
35 114167 472678 ,819 -1,79174 2,02007
16 0 3,840500* 517793 ,001 1,75268 5,92832
5 3,481000* 517783 ,001 1,40318 5,57882
35 3,605167" 472678 ,001 1,69926 5,51107
35 0 ,235333 472678 ,640 -1,87057 2,14124
5 -,114167 472678 819 -2,02007 1,79174
15 -3,605167* 472678 ,001 -5,51107 -1,69926

*. The mean difference is significant at the .01 level.
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Tabela A7 - ANOVA produgéo de biomassa na parte aérea da N. tabacum

ANOVA
BiomassaPA
Sum of
| Squares df Mean Square F Sig.
Between Groups 22,097 3 7,366 10,561 ,005
Within Groups 4,882 7 697
Total 26,980 10

Tabela A8 — Comparagio multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa, na

parte aérea da N. tabacum com p<0,05

Muttiple Comparisons
Dependent Vanable: BiomassaPA
Mean
Difference 95% Confidence Interval

_ (I) CdPA  (J) CdPA (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0O 5 -,684333 ,762378 807 -3,20793 1,83926
15 -3,422000*| ,762378 ,012 -5,94559 -,89841
35 -,098667 ,762378 ,999 -2,62226 2,42493
5 0 ,684333 ,762378 ,807 -1,83926 3,20793
15 -2,737667*| ,681892 ,021 -4,99484 -,48050
35 ,585667 ,681892 825 -1,67150 2,84284
15 0 3,422000" ,762378 012 ,89841 5,94559
5 2,737667" ,681892 ,021 ,48050 4,99484
35 3,323333*| ,681892 ,008 1,06616 5,58050
35 0 ,098667 ,762378 999 -2,42493 2,62226
5 -,585667 ,681892 825 -2,84284 1,67150
15 -3,323333*| ,681892 ,008 -5,58050 -1,06616
Scheffe 0 5 -,684333 ,762378 ,846 -3,43740 2,06874
15 -3,422000* | ,762378 ,018 -6,17507 -,66893
35 -,098667 ,762378 999 -2,85174 2,65440
5 0 684333 ,762378 846 -2,06874 3,43740
15 -2,737667*| ,681892 ,031 -5,20009 -,27525
35 585667 ,681892 ,862 -1,87675 3,04809
15 0 3,422000" ,762378 ,018 ,66893 6,17507
5 2,737667* | ,681892 ,031 27525 5,20009
35 3,323333*| ,681892 ,012 ,86091 5,78575
35 0 098667 ,762378 999 -2,65440 2,85174
5 -,585667 ,681892 ,862 -3,04809 1,87675
15 -3,323333*| ,681892 ,012 -5,78575 ~,86091
LSD 0 5 -,684333 ,762378 399 -2,48707 1,11840
15 -3,422000* | ,762378 ,003 -5,22474 -1,61926
35 -,098667 ,762378 ,901 -1,90140 1,70407
5 0 ,684333 ,762378 399 -1,11840 2,48707
15 -2,737667* ,681892 ,005 -4,35008 -1,12525
35 585667 681892 419 -1,02675 2,19808
15 0 3,422000* | ,762378 ,003 1,61926 5,22474
5 2,737667*| ,681892 ,005 1,12525 4,35008
35 3,323333"| ,681892 ,002 1,71092 4,93575
35 0 ,098667 762378 901 -1,70407 1,90140
5 -,585667 ,681892 ,419 -2,19808 1,02675
15 -3,323333 681892 ,002 -4,93575 -1,71092

*. The mean difference is significant at the .05 level.
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Tabela A9 — Comparagéo multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa, na

parte aérea da N. fabacum com p<0,01

Multiple Comparisons

Dependent Variable: BiomassaPA

Mean
Difference 99% Confidence interval

() CdPA  (J) CdPA (1-J) Std. Error Sig. Lower Bound [ Upper Bound
Tukey HSD 0 5 -,684333 ,762378 807 -4,21125 2,84258
15 -3,422000 ,762378 012 -6,84892 ,10492

35 -,098667 ,762378 999 -3,62558 3,42825

5 0 684333 ,762378 807 -2,84258 4,21125
15 -2,737667 ,681892 ,021 -5,89224 41690

35 585667 ,681892 ,825 -2,56890 3,74024

15 0 3,422000 ,762378 ,012 -,10492 6,94892
5 2,737667 ,681892 ,021 -, 41690 5,89224

35 3,323333"| ,681892 ,008 ,16876 6,47790

35 0 ,008667 762378 ,999 -3,42825 3,862558
5 -,585667 681892 ,825 -3,74024 2,56890

15 -3,323333* | ,681892 ,008 -6,47790 -,16876

Scheffe 0 5 -,684333 ,762378 ,846 -4,52311 3,15444
15 -3,422000 762378 ,018 -7,26077 41677

35 -,098667 ,762378 L899 -3,93744 3,74011

5 0 ,684333 ,762378 ,846 -3,15444 4,52311
15 -2,737667 ,681892 ,031 -8,17117 ,69584

35 ,585667 ,681892 ,862 -2,84784 4,01917

15 0 3,422000 ,762378 ,018 -, 41677 7.26077
5 2,737667 ,681892 ,031 -,69584 6,17117

35 3,323333 681892 ,012 -11017 6,75684

35 0 ,098667 ,762378 ,999 -3,74011 3,93744
5 -,5685667 681892 ,862 -4,01917 2,84784

15 -3,323333 681892 ,012 -6,75684 11017

LSD 0 5 -,684333 ,762378 ,399 -3,35226 1,98360
15 -3,422000*| 762378 ,003 -6,08993 -, 75407

35 -,098667 ,762378 901 -2,76660 2,56926

5 0 ,684333 ,762378 399 -1,98360 3,35226
15 -2,737667*| ,681892 ,005 -5,12393 -,35140

35 585667 ,681892 419 -1,80060 297193

16 0 3,422000*| 762378 ,003 ,75407 6,08993
5 2,737667*| ,681892 ,005 35140 5,12393

35 3,323333"| ,681892 ,002 93707 5,70960

35 0 ,098667 ,762378 ,901 -2,56926 2,76660
5 -,585667 681882 419 -2,97193 1,80060

15 -3,323333%| ,681892 ,002 -5,70960 -,93707

*. The mean difference is significant at the .01 level.
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Tabela A10 - ANOVA producgéo de biomassa na raiz da N. tabacum

ANOVA
BiomassaR
Sum of
Squares df Mean Square F Sig.
Between Groups 166 3 ,065 44,195 ,001
Within Groups ,006 5 ,001
Total 173 8

Tabela A11 — Comparag&o multipla entre os diferentes tratamentos de cadmio na produgdo de biomassa,

na raiz da N. tabacum com p<0,05

Multiple Comparisons
Dependent Variable: BiomassaR
Mean
Difference 95% Confidence Interval

() CdR _ (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,008167 ,032335 ,994 -,12748 11115
15 -,287500* [ ,035421 ,002 -41820 -,15680
35 ,097500 ,035421 ,132 -,03320 ,22820
5 0 ,008167 ,032335 ,994 -11115 12748
15 -,279333*( ,032335 ,001 -,39865 -,16002
35 ,105667 ,032335 077 -,01365 ,22498
15 0 ,287500* | ,035421 ,002 ,15680 ,41820
5 ,279333*| ,032335 ,001 ,16002 ,39865
35 ,385000* ,035421 ,000 ,25430 51570
35 0 -,097500 ,035421 132 -,22820 ,03320
5 -,105667 ,032335 077 -,22498 01365
15 -,385000*| ,035421 ,000 -,51570 -,25430
Scheffe 0 5 -,008167 ,032335 ,995 -,13842 ,12209
15 -,287500* | ,035421 ,003 -,43019 -,14481
35 ,097500 ,035421 A71 -,04519 ,24019
5 0 ,008167 ,032335 995 -,12209 ,13842
15 -,279333*| 032335 ,002 -,40959 -,14908
35 ,105667 ,032335 ,103 -.02459 ,23592
15 0 ,287500* | ,035421 ,003 ,14481 43019
5 ,279333* | ,032335 ,002 ,14908 ,40959
35 ,385000* | 035421 ,001 ,24231 52769
35 0 -,097500 ,035421 A7 -,24019 ,04519
-,105667 ,032335 ,103 -,23592 ,02459
15 -,385000* ,035421 ,001 -,52769 -,24231
LSD 0 5 -,008167 ,032335 811 -,09129 ,07495
15 -,287500* | ,035421 ,000 -,37855 -,19645
35 ,097500" | 035421 ,040 ,00645 ,18855
5 0 ,008167 ,032335 811 -,07495 ,09129
15 -,279333*| 032335 ,000 -,36245 -,18621
35 ,105667*| ,032335 ,022 ,02255 ,18879
15 0 ,287500* ,035421 ,000 19645 ,37855
5 ,279333* | 032335 ,000 19621 ,36245
35 ,385000* | ,035421 ,000 ,29395 47605
35 0 -,097500* | ,035421 ,040 -,18855 -,00845
5 -,105667* | ,032335 ,022 -,18879 -,02255
15 -,385000* | ,035421 ,000 -,47605 -,29395

*. The mean difference is significant at the .05 level.
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Tabela A12 - Comparag&o multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa,

na raiz da N. tabacum com p<0,01

Multiple Comparisons

Dependent Variable: BiomassaR

Mean

Difference 99% Confidence Interval
_____(hCdR (J)CdR (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD O 5 -,008167 ,032335 ,994 -,18660 17027
15 -,287500* | 035421 ,002 -,48297 -,09203
35 ,097500 ,035421 132 -,09797 ,29297
5 0 ,008167 ,032335 ,994 -17027 ,18660
15 -,279333*| ,032335 ,001 - 45777 -,10090
35 ,105667 ,032335 077 -,07277 ,28410
15 0 ,287500* | 035421 ,002 ,09203 48297
5 ,279333*| ,032335 ,001 ,10090 45777
35 ,385000" ,035421 ,000 ,18953 ,58047
35 0 -,097500 ,035421 132 -, 29297 ,09797
5 -,105667 ,032335 077 -,28410 07277
15 -,385000* 035421 ,000 -,58047 -,18953
Scheffe 0 5 -,008167 ,032335 ,995 -,20266 ,18633
15 -,287500* | 035421 ,003 -,50056 -,07444
35 ,097500 ,035421 A71 -,11556 ,31056
5 0 ,008167 ,032335 ,995 -,18633 ,20266
15 -,279333*| ,032335 ,002 -,47383 -,08484
35 ,105667 ,032335 ,103 -,08883 ,30016
15 0 ,287500*| ,035421 ,003 ,07444 ,50056
5 ,279333*| 032335 ,002 ,08484 47383
35 ,385000* ,035421 ,001 17194 ,59806
35 0 -,097500 ,035421 71 -, 31056 11556
-,105667 ,032335 ,103 -,30016 ,08883
15 -,385000" | 035421 ,001 -,58806 -,17194
LSD 0 5 -,008167 ,032335 811 -,13854 ,12221
15 -,287500*| 035421 ,000 -,43032 -,14468
35 ,097500 ,035421 ,040 -,04532 ,24032
5 0 ,008167 ,032335 811 -, 12221 ,13854
15 -,279333*| ,032335 ,000 -,40971 -,148986
35 ,105667 ,032335 ,022 -,02471 ,23604
15 0 ,287500* | ,035421 ,000 14468 ,43032
5 ,279333*| ,032335 ,000 ,14896 40971
35 ,385000" | 035421 ,000 24218 ,52782
35 0 -,097500 ,035421 ,040 -,24032 ,04532
5 -,105667 ,032335 ,022 -,23604 ,02471
15 -,385000*| ,035421 ,000 -,52782 -,24218

*. The mean difference is significant at the .01 level.
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Tabela A13 - ANOVA producio de biomassa na parte aérea da S. nigrum

ANOVA
BiomassaPA
Sum of
Squares df Mean Square F Sig.
Between Groups 2,644 3 ,881 15,566 ,001
Within Groups 453 8 057
Total 3,097 11

Tabela A14 — Comparagdo multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa,

na parte aérea da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: BiomassaPA
Mean
Difference 95% Confidence Interval

(I) CdPA  (J) CdPA (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 1,047333*| ,194290 ,003 42515 1,66952
15 ,871000* | ,194290 ,009 ,24882 1,49318
35 1,219667*| ,194290 ,001 59748 1,84185
5 0 -1,047333%F ,194290 ,003 -1,66952 -,42515
15 -,176333 ,194290 ,802 -,79852 44585
35 172333 ,194290 812 -, 44985 ,79452
15 0 -,871000* | ,194290 ,009 -1,49318 -, 24882
5 ,176333 ,194290 ,802 -,44585 ,79852
35 ,348667 ,194290 ,342 -, 27352 97085
35 0 -1,219667*] ,194290 ,001 -1,84185 -, 59748
-,172333 ,194290 ,812 -, 79452 44985
15 -,348667 ,194290 ,342 -97085 ,27352
Scheffe 0 5 1,047333*| ,194290 ,005 ,36875 1,72592
15 ,871000* | ,194290 014 ,19242 1,54958
35 1,219667*| ,194290 ,002 ,54108 1,89825
5 0 -1,047333%| ,194290 ,005 -1,72592 -,36875
15 -, 176333 ,194290 ,842 -,85492 ,50225
35 ,172333 ,194290 ,851 -,50625 85092
15 0 -871000* | ,194290 ,014 -1,54958 -,19242
5 ,176333 ,194290 ,842 -,50225 ,85492
35 ,348667 ,194290 413 -,32992 1,02725
35 0 -1,219667*| ,194290 ,002 -1,89825 -,54108
5 -,172333 ,194290 ,851 -,85092 50625
15 -,348667 ,194290 413 -1,02725 32992
LSD 0 5 1,047333*| ,194290 ,001 ,59930 1,49537
15 ,871000* | ,194290 ,002 42297 1,31903
35 1,219667* | ,194290 ,000 77163 1,66770
5 0 -1,047333*| ,194290 ,001 -1,49537 -,59930
16 -,176333 ,194290 391 -,62437 27170
35 172333 ,194290 401 -,27570 62037
15 0 -,871000" ,194290 ,002 -1,31903 -, 42297
5 ,176333 ,194290 ,391 27170 62437
35 ,348667 ,194290 110 -,09937 ,79670
35 0 -1,219667*| ,194290 ,000 -1,66770 -,77163
5 -,172333 ,194290 401 -,62037 27570
15 -,.348667 ,194290 110 -, 79670 09937

*. The mean difference is significant at the .05 level.
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Tabela A15 — Comparagéo multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa,

na parte aérea da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: BiomassaPA
Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 1,047333*| ,194290 ,003 ,19503 1,89964
15 ,871000* | ,194290 ,009 ,01888 1,72331
35 1,219667*| ,194290 ,001 ,36736 2,07197
5 0 -1,047333*| ,194290 ,003 -1,89964 -,19503
15 -,176333 ,194290 ,802 -1,02864 67597
35 172333 ,194290 ,812 -,67997 1,02464
15 0 -,871000*| ,194290 ,009 -1,72331 -,01869
5 176333 ,194280 ,802 -,67597 1,02864
35 348667 ,194290 342 -,50364 1,20097
35 0 -1,219667* | ,194290 ,001 -2,07197 -, 36736
5 -,172333 ,194290 812 -1,02464 67997
15 -,348667 ,194290 342 -1,20097 ,50364
Scheffe 0 5 1,047333*| ,194290 ,005 ,12016 1,97450
15 ,871000 ,194290 014 -,06617 1,79817
35 1,219667* | ,194290 ,002 ,29250 2,14684
5 0 -1,047333%| ,194290 ,005 -1,97450 -,12016
15 -,176333 ,194290 842 -1,10350 ,75084
35 ,172333 194200 ,851 -, 75484 1,09950
15 0 -,871000 ,194280 ,014 -1,79817 ,05617
5 176333 ,194290 ,842 -,75084 1,10350
35 ,348667 ,194290 413 -,57850 1,27584
35 0 -1,219667* | 194290 ,002 -2,14684 -, 29250
5 -,172333 ,194290 ,851 -1,09950 , 75484
15 -,348667 ,194290 413 -1,27584 ,57850
LSD 0 5 1,047333*| ,194290 ,001 ,39542 1,69825
15 ,871000* | ,194280 ,002 ,21908 1,52292
35 1,219667*| ,194290 ,000 56775 1,87158
5 o] -1,047333*| ,194290 ,001 -1,69925 -,39542
15 -,176333 ,194290 ,391 -,82825 47558
35 172333 ,194290 401 -,47958 ,82425
15 0 -871000* | ,194290 ,002 -1,52292 -,21908
5 ,176333 ,194290 ,391 -, 47558 ,82825
35 ,348667 ,194280 110 -,30325 1,00058
35 0 -1,219667*| ,194290 ,000 -1,87158 -, 56775
5 -172333 ,194290 401 -,82425 47958
15 -,348667 194290 110 -1,00058 ,30325

*. The mean difference is significant at the .01 level.
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Tabela A16 - ANOVA produgdo de biomassa na raiz da S. nigrum

ANOVA
BiomassaR
Sum of
Squares df Mean Square F Sig.
Between Groups ,304 3 ,101 5710 ,034
Within Groups ,107 6 ,018
Total 411 9

’

Tabela A17 — Comparagdo multipla entre os diferentes tratamentos de cadmio na produgéo de biomassa,

na raiz da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: BiomassaR
Mean
Difference 95% Confidence Interval |

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 ,223000 121627 ,345 -,19804 64404
15 ,118333 ,121627 ,769 -,30271 ,53937
35 ,518500" ,133236 ,031 ,05728 97972
5 0 -,223000 ,121627 ,345 -,64404 ,19804
15 -,104667 ,108787 775 -,48126 27192
35 ,295500 ,121627 A71 -,12554 ,71654
15 0 ~,118333 ,121627 ,769 -,53937 ,30271
5 ,104667 ,108787 J75 -,27192 ,48126
35 400167 121627 ,081 -,02087 ,82121
35 4] -518500* [ ,133236 ,031 -,97972 -,05728
5 -,295500 121627 A71 -, 71654 ,12554
15 -,400167 ,121627 ,061 -,82121 ,02087
Scheffe 0 5 ,223000 121627 412 -,23647 ,68247
15 ,118333 121627 814 -,34114 57781
35 ,518500" ,133236 ,044 ,01517 1,02183
5 0 -,223000 121627 412 -,68247 ,23847
15 -,104667 ,108787 ,819 -, 51563 30830
35 ,295500 ,121627 220 -,16397 75497
18 0 -,118333 121627 814 -,57781 34114
5 104667 ,108787 ,819 -,30630 ,51563
35 ,400167 121627 ,085 -,05931 ,85964
35 0 -518500* ,133236 ,044 -1,02183 -,01517
5 -,295500 121627 ,220 -, 75497 ,16397
15 -,400167 121627 ,085 -,85964 ,05931
LSD 0 5 ,223000 121627 ,116 -,07461 52061
15 ,118333 121627 ,368 -,17928 41594
35 ,518500* ,133238 ,008 ,19248 84452
5 0 -,223000 121627 116 -,52061 07461
16 -, 104667 ,108787 373 -.37086 ,18153
35 ,295500 121627 ,051 -,00211 598311
15 0 -,118333 121627 ,368 -,41594 ,17928
5 104667 108787 373 -,16153 ,37086
35 ,400167*| ,121627 017 ,10256 ,69778
35 0 -518500*| ,133236 ,008 -,84452 -,19248
5 -,295500 121627 ,051 -,58311 ,00211
16 -, 400167 121627 017 -,69778 -,10256

*. The mean difference is significant at the .05 level.
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Tabela A18 — Comparagé&o multipla entre os diferentes tratamentos de cadmio na produgdo de biomassa,
na raiz da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: BiomassaR
Mean
Difference 99% Confidence Interval |

() CdR  {J) CdR (-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 223000 121627 ,345 -,38189 ,82789
15 ,118333 121627 ,769 -,48655 72322
35 518500 ,133236 ,031 -,14412 1,18112
5 0 -,223000 121827 ,345 -,82789 ,38189
15 -,104667 ,108787 J75 -,64569 ,43636
35 ,295500 121627 A7 -,30939 90039
15 0 -,118333 121627 ,769 -,72322 48655
5 ,104667 ,108787 JI75 -,43636 ,64569
35 400167 ,121627 ,061 -,20472 1,00505
35 0 -,518500 ,133236 ,031 -1,18112 14412
5 -,295500 121627 A71 -,90039 ,30939
15 -,400167 1216827 ,061 -1,00505 ,20472
Scheffe 0 5 ,223000 121627 412 -,43580 ,88180
15 ,118333 121627 814 -,54046 77713
35 ,518500 133236 044 -,20318 1,24018
5 0 -,223000 ,121627 412 -,88180 ,43580
15 -,104667 108787 819 -,69391 ,48458
35 ,295500 1216827 ,220 -,36330 95430
15 0 -,118333 1216827 ,814 - 77713 ,54046
5 ,104667 ,108787 819 -, 48458 ,69391
35 400167 1216827 ,085 -,25863 1,05896
35 0 -,.518500 ,133236 044 -1,24018 ,20318
5 -,295500 1216827 ,220 -,95430 ,36330
15 -,400167 1216827 ,085 -1,05896 ,25863
LSD 0 5 ,223000 1216827 116 -,22792 ,67392
15 ,118333 121827 368 -,33259 ,56926
35 ,518500*| ,133236 ,008 ,02454 1,01246
5 0 -,223000 121627 116 -,67392 22792
15 -,104667 ,108787 373 -,50799 ,29865
35 295500 ,121627 ,051 -,15542 74642
15 0 -,118333 121627 368 -,56926 ,33259
5 ,104667 ,108787 373 -,29865 ,50799
35 ,400167 121627 ,017 -,05076 ,85109
35 0 -,518500"] ,133236 ,008 -1,01246 -,02454
5 -,295500 121627 ,051 ~,74642 15542
15 -,400167 121627 ,017 -,85109 05076

*. The mean difference is significant at the .01 level.
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ANEXO X

Acumulagédo de Cd nos tecidos vegetais
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Tabela A19 - ANOVA das concentragéo de cadmio nos tecidos vegetais na parte aérea da B. juncea

ANOVA
ConcCdPlantaPA
Sum of
Squares df Mean Square F Sig.
Between Groups {31212,123 2 15606,061 256,919 ,000
Within Groups 303,716 5 60,743
Total 31515,838 7

Tabela A20 — Comparag&o muiltipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na parte

aérea da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: ConcCdPlantaPA
Mean
Difference 95% Confidence Interval

_ {1} ConcCdSoloPA  (J) ConcCdSoloPA (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD § 15 -37,73000*| 6,36360 ,005 -58,4366 -17,0234
35 -158,09333" | 7,11473 ,000 -181,2440 -134,9426
15 5 37,73000" | 6,36360 ,005 17,0234 58,4366
35 -120,36333*| 7,11473 ,000 -143,5140 -97,2126
35 5 158,09333¢ | 7,11473 ,000 134,9426 181,2440
15 120,36333" 7.11473 000 97,2126 143,5140
Scheffe 5 15 -37,73000*| 6,36360 ,005 -59,3777 -16,0823
35 -158,09333*| 7,11473 ,000 -182,2962 -133,8904
15 5 37,73000*| 6,36360 ,005 16,0823 59,3777
35 -120,36333*| 7,11473 ,000 -144,5662 -96,1604
35 5 158,09333*| 7,11473 ,000 133,8904 182,2962
16 120,36333*| 7,11473 ,000 96,1604 144,5662
LSD 5 15 -37,73000* | 6,36360 ,002 -54,0882 -21,3718
35 -158,09333*| 7,11473 ,000 -176,3823 -139,8043
15 5 37,73000* | 6,36360 002 21,3718 54,0882
35 -120,36333" | 7,11473 ,000 -138,6523 -102,0743
35 5 158,09333*| 7,11473 ,000 139,8043 176,3823
15 120,36333"| 7,11473 ,000 102,0743 138,6523

“. The mean difference is significant at the .05 level.
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Tabela A21 - Comparag&o muiltipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na parte
aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ConcCdPlantaPA
Mean
Difference 99% Confidence Interval

(1) ConcCdSoloPA  (J) ConcCdSoloPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 5 15 -37,73000*| 6,36360 ,005 -69,1191 -6,3409
35 -158,09333*| 7,11473 ,000 -193,1874 -122,9993
15 5 37,73000* | 6,36360 ,005 6,3409 69,1191
35 -120,36333*| 7,11473 ,000 -165,4574 -85,2693
35 5 158,09333*| 7,11473 ,000 122,9993 193,1874
15 120,36333*{ 7,11473 ,000 85,2693 155,4574
Scheffe 5 15 ~-37,73000*{ 6,36360 ,005 -70,5162 -4,9418
35 -158,09333*| 7,11473 ,000 -194,7517 -121,4350
15 5 37,73000* | 6,36360 ,005 4,9418 70,5182
35 -120,36333*| 7,11473 ,000 -157,0217 -83,7050
35 5 158,09333*| 7,11473 ,000 121,4350 184,7517
15 120,36333*| 7,11473 ,000 83,7050 157,0217
LSD 5 15 -37,73000* | 6,36360 ,002 -63,3890 -12,0710
35 -158,09333* | 7,11473 ,000 -186,7809 -129,4057
15 5 37,73000* | 6,36360 ,002 12,0710 63,3890
35 -120,36333*| 7,11473 ,000 -149,0509 -91,6757
35 5 158,09333*| 7,11473 ,000 129,4057 186,7809
15 120,36333"| 7,11473 ,000 91,6757 149,0509

‘. The mean difference is significant at the .01 level.

Tabela A22 - ANOVA das concentragao de cadmio nos tecidos vegetais na raiz da B. juncea

ANOVA
ConcCdPlantaR
Sum of
Squares df Mean Square F Sig.
Between Groups [34161,974 2 17080,987 77,663 ,001
Within Groups 879,748 4 219,037
Total 35041,722 6

Tabela A23 - Comparagao multipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na raiz
da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: ConcCdPlantaR
Mean
Difference 95% Confidence Interval

_____() ConcCdSoloR __(J) ConcCdSoloR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 5 16 -24,60000 | 14,83027 325 ~77,4549 28,2549
35 -152,21000* | 13,53813 ,001 -200,4597 -103,9603
15 5 24,60000 | 14,83027 325 -28,2549 77,4549
35 -127,61000* | 13,53813 ,002 -175,8597 -79,3603
35 5 152,21000* | 13,53813 ,001 103,9603 200,4597
15 127,61000" | 13,53813 ,002 79,3603 175,8597
Scheffe 5 15 -24,60000 | 14,83027 351 -79,8685 30,6685
35 -152,21000* | 13,53813 ,001 -202,6630 -101,7570
15 5 24,60000 | 14,83027 ,351 -30,6685 79,8685
35 -127,61000* | 13,53813 ,002 -178,0630 -77,1570
35 5 162,21000* | 13,53813 ,001 101,7570 202,6630
15 127,61000* | 13,63813 ,002 77,1570 178,0630
LSD 5 15 -24,60000 | 14,83027 173 -65,7754 16,5754
35 -152,21000* | 13,53813 ,000 -189,7979 -114,6221
15 5 24,60000 | 14,83027 173 -16,5754 65,7754
35 -127,61000* | 13,53813 ,001 -165,1979 -80,0221
35 5 152,21000* [ 13,53813 ,000 114,6221 189,7979
15 127,61000* | 13,53813 ,001 90,0221 165,1979

*. The mean difference is significant at the .05 leve!.
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Tabela A24 - Comparagso multipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na raiz
da B. juncea com p<0,01

Multiple Comparisons

Dependent Variable: ConcCdPlantaR

Mean
Difference 99% Confidence Interval

(I) ConcCdSoloR  (J) ConcCdSoloR (I-J) Std. Error Sig. Lower Bound | Upper Bound

Tukey HSD 5 15 -24,60000 | 14,83027 325 -109,7480 60,5490
35 -152,21000* | 13,53813 ,001 -229,9400 -74,4800

15 5 24,60000 | 14,83027 325 -60,5490 109,7490

35 -127,61000* | 13,53813 ,002 -205,3400 -49,8800

35 5 152,21000* | 13,53813 ,001 74,4800 229,9400

15 127,61000*| 13,53813 ,002 49,8800 205,3400

Scheffe 5 15 -24,60000 | 14,83027 ,351 -113,5816 64,3816
35 -152,21000* | 13,53813 ,001 -233,4388 -70,9812

15 5 24,60000 { 14,83027 ,351 -64,3816 113,5816

35 -127,61000* [ 13,53813 ,002 -208,8388 -46,3812

35 5 152,21000* | 13,53813 ,001 70,9812 233,4388

15 127,61000* | 13,53813 ,002 46,3812 208,8388

LSD 5 15 -24,60000 | 14,83027 173 -92,8800 43,6800
35 -162,21000* | 13,53813 ,000 -214,5408 -89,8792

15 5 24,60000 | 14,83027 173 -43,6800 92,8800

35 -127,61000* | 13,53813 ,001 -189,9408 -65,2792

35 5 152,21000* | 13,53813 ,000 89,8792 214,5408

15 127,61000* | 13,53813 ,001 65,2792 189,9408

*. The mean difference is significant at the .01 level.

Tabela A25 - ANOVA das concentrag&o de cadmio nos tecidos vegetais na parte aérea da N. tabacum

ANOVA
ConcCdPlantaPA
Sum of
Squares df Mean Square F Sig.
Between Groups | 168925,6 2 84462,797 36,365 ,003
Within Groups 9290,655 4 2322,664
Total 178216,2 6

Tabela A26 — Comparag&o multipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na parte
aérea da N. tabacum com p<0,05

Mulitiple Comparisons
Dependent Variable: ConcCdPlantaPA

Mean

Difference 95% Confidence Interval
_ (f) ConcCdsoloPA  (J) ConcCdsoloPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD § 15 -26,19500 | 48,19402 855 -197,9580 145,5680
35 -326,37000" | 43,99492 ,004 -483,1674 -169,5726
15 5 26,19500 } 48,19402 855 -145,5680 197,9580
35 -300,17500* | 43,99492 ,005 -456,9724 -143,3776
35 5 326,37000* | 43,99492 ,004 169,5726 483,1674
15 300,17500" | 43,99492 ,005 143,3776 456,9724
Scheffe 5 15 -26,19500 | 48,19402 ,867 -205,8013 153,4113
35 -326,37000* | 43,99492 ,005 -490,3274 -162,4126
15 5 26,19500 | 48,19402 ,867 -1563,4113 205,8013
35 -300,17500* | 43,99492 ,006 -464,1324 -136,2176
35 5 326,37000* | 43,99492 ,005 162,4126 490,3274
15 300,17500" | 43,99492 ,006 136,2176 464,1324
LSD 5 15 -26,19500 | 48,19402 616 -160,0031 107,6131
35 -326,37000" | 43,99492 ,002 -448,5195 -204,2205
15 5 26,19500 | 48,19402 616 -107,6131 160,0031
35 -300,17500* | 43,99492 ,002 -422,3245 -178,0255
35 5 326,37000* | 43,99492 ,002 204,2205 448,5195
15 300,17500* | 43,99492 ,002 178,0255 422,3245

*. The mean difference is significant at the .05 level.
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Tabela A27 - Comparag&o multipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na parte

aérea da N. tabacum com p<0,01

Multiple Comparisons
Dependent Variable: ConcCdPlantaPA
Mean
Difference 99% Confidence Interval

____() ConcCdsoloPA__ (J) ConcCdsoloPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 5 15 -26,19500 | 48,19402 ,855 -302,9041 250,5141
35 -326,37000* | 43,99492 ,004 -578,9697 -73,7703
15 5 26,19500 | 48,19402 ,855 -250,5141 302,9041
35 -300,17500* | 43,99492 ,005 -552,7747 -47,5753
35 5 326,37000* | 43,99492 ,004 73,7703 578,9697
15 300,17500* | 43,99492 ,005 47,5753 §52,7747
Scheffe 5 15 -26,19500 | 48,19402 ,867 -315,3591 262,9691
35 -326,37000* | 43,99492 ,005 -590,3395 -62,4005
15 5 26,19500 | 48,19402 ,867 -262,9691 315,3591
35 -300,17500" | 43,99492 ,006 -564,1445 -36,2055
35 5 326,37000* | 43,99492 ,005 62,4005 590,3395
15 300,17500* | 43,99492 ,006 36,2055 564,1445
LSD 5 15 -26,19500 | 48,19402 616 -248,0849 195,6949
35 -326,37000* | 43,99492 ,002 -528,9268 -123,8132
15 5 26,19500 | 48,19402 616 -195,6949 248,0849
35 -300,17500* | 43,99492 ,002 -502,7318 -97,6182
35 5 326,37000* | 43,99492 ,002 123,6132 528,9268
15 300,17500* | 43,99492 ,002 97,6182 502,7318

*. The mean difference is significant at the .01 level.

Tabela A28 - ANOVA das concentragéo de cadmio nos tecidos vegetais na raiz da N. tabacum

ANOVA
ConcCdPlantaR
Sum of
Squares df Mean Square F Sig.
Between Groups | 300759,8 2 150379,894 59,326 ,000
Within Groups 12673,937 5 2534,787
Total 313433,7 7

Tabela A29 - Comparagio multipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na raiz
da N. fabacum com p<0,05

Multiple Comparisons
Dependent Variable: ConcCdPlantaR

Mean
Difference 95% Confidence Interval

(1) ConcCdsoloR  (J) ConcCdsoloR (I-J) Std. Error Sig. Lower Bound | Upper Bound

Tukey HSD 5 15 -49,21833 | 45,96001 570 -198,7682 100,33156
35 -418,25333" | 41,10789 ,000 -552,0148 -284,4919

15 5 49,21833 | 45,96001 570 -100,3315 198,7682

35 -369,03500" | 45,96001 ,001 -518,5848 -219,4852

35 5 418,25333* | 41,10789 ,000 284,4919 552,0148

15 369,03500" | 45,96001 ,001 219,4852 518,5848

Scheffe 5 15 -49,21833 | 45,96001 ,597 -205,5653 107,1286
35 -418,25333* | 41,10789 ,000 -558,0943 -278,4124

15 5 49,21833 | 45,96001 597 -107,1288 205,5653

35 -369,03500* | 45,96001 ,001 -525,3820 -212,6880

35 5 418,25333* | 41,10789 ,000 278,4124 558,0843

15 369,03500* | 45,96001 ,001 212,6880 525,3820

LSD 5 15 -49,21833 | 45,96001 333 -167,3623 68,8256
35 -418,25333* | 41,10789 ,000 -523,9245 -312,5821

15 5 49,21833 | 45,96001 ,333 68,9256 167,3623

35 -369,03500* | 45,96001 ,000 -487,1790 -250,8910

35 5 418,25333* | 41,10789 ,000 312,5821 523,9245

15 369,03500* | 45,6001 ,000 250,8910 487,1790

*. The mean difference is significant at the .05 level.
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Tabela A30 — Comparag&o multipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na raiz
da N. tabacum com p<0,01

Multiple Comparisons
Dependent Variable: ConcCdPlantaR
Mean
Difference 99% Confidence Interval

(1) ConcCdsoloR  (J) ConcCdsoloR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 5 15 -49,21833 | 45,96001 570 -275,9204 177,4837
35 -418,25333" | 41,10789 ,000 -621,0218 -215,4849
15 5 49,21833 | 45,96001 570 -177,4837 275,9204
35 -369,03500* | 45,96001 ,001 -595,7370 -142,3330
35 5 418,25333* | 41,10789 ,000 215,4849 621,0218
15 369,03500" | 45,96001 ,001 142,3330 595,7370
Scheffe 5 15 -49,21833 | 45,96001 597 -286,0256 187,5889
35 -418,25333* | 41,10789 ,000 -630,0602 -206,4465
15 5 49,21833 | 45,96001 597 -187,5889 286,0256
35 -369,03500* | 45,96001 ,001 -605,8422 -132,2278
35 5 418,25333* | 41,10789 ,000 206,4465 630,0602
15 369,03500* | 45,96001 ,001 132,2278 605,8422
LSD 5 15 -49,21833 | 45,96001 ,333 -234,5357 136,0990
35 -418,25333* | 41,10789 ,000 -584,0062 -252,5005
15 5 49,21833 | 45,96001 ,333 -136,0990 234 5357
35 -369,03500* 45,96001 ,000 -554,3523 -183,7177
35 5 418,25333*| 41,10789 ,000 252,5005 584,0062
15 369,03500* | 45,96001 ,000 183,7177 554,3523

*. The mean difference is significant at the .01 level.

Tabela A31 - ANOVA das concentrag&o de cadmio nos tecidos vegetais na parte aérea da S. nigrum

ANOVA
ConcCdPlantaPA
Sum of
Squares df Mean Square F Sig.
Between Groups | 139529,5 2 69764,7563 28,527 ,002
Within Groups 12227,878 5 2445,536
Total 151757,2 7

Tabela A32 - Comparagio muiltipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na parte
aérea da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ConcCdPlantaPA
Mean
Difference 95% Confidence Interval

_ (1) ConcCdsoloPA  (J) ConcCdsoloPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 5 15 -179,75667* | 40,37768 ,015 -311,1421 -48,3713
35 -336,26667* | 45,14362 ,002 -483,1600 -189,3733
15 5 179,75667* | 40,37768 ,015 48,3713 311,1421
35 -156,51000" | 45,14362 ,040 -303,4034 -9,6166
35 5 336,26667* | 45,14362 ,002 189,3733 483,1600
15 156,51000" | 45,14362 ,040 9,6166 303,4034
Scheffe 5 15 -179,75667* | 40,37768 ,018 -317,1138 -42,3997
35 -336,26667* | 45,14362 002 -489,8364 -182,6969
15 5 179,75667* | 40,37768 ,018 42,3997 317,138
35 -156,51000* | 45,14362 047 -310,0797 -2,8403
35 5 336,26667* | 45,14362 ,002 182,6969 489,8364
15 156,51000* | 45,14362 ,047 2,9403 310,0797
LSD 5 15 -179,75667* | 40,37768 ,007 -283,5508 -75,9625
35 -336,26667* | 45,14362 ,001 -452,3120 -220,2213
15 5 179,75667* | 40,37768 ,007 75,9625 283,5508
35 -156,51000" | 45,14362 ,018 -272,5554 -40,4646
35 5 336,26667* | 45,14362 ,001 220,2213 452,3120
15 156,51000" | 45,14362 ,018 40,4646 272,5554

*. The mean difference is significant at the .05 level.
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Tabela A33 — Comparagdo muiltipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na parte

aérea da S. nigrum com p<0,01

Muitiple Comparisons
Dependent Variable: ConcCdPlantaPA
Mean
Difference 99% Confidence Interval

(1) ConcCdsoloPA  (J) ConcCdsoloPA (I-J) Std. Error Sig. Lower Bound { Upper Bound
Tukey HSD 5 15 -179,75667 | 40,37768 ,015 -378,9233 19,4100
35 -336,26667* | 45,14362 ,002 -558,9418 -113,5916
15 5 179,75667 | 40,37768 ,015 -19,4100 378,9233
35 -156,51000 | 45,14362 ,040 -379,1851 66,1651
35 5 336,26667* | 45,14362 ,002 113,5916 558,9418
15 156,51000 | 45,14362 ,040 -66,1651 379,1851
Scheffe 5 15 -179,75667 | 40,37768 ,018 -387,8011 28,2878
35 -336,26667* | 45,14362 ,002 -568,8675 -103,6659
16 5 179,75667 | 40,37768 018 -28,2878 387,8011
35 -156,51000 | 45,14362 ,047 -389,1108 76,0908
35 5 336,26667* | 45,14362 ,002 103,6659 568,8675
15 156,51000 | 45,14362 047 -76,0908 389,1108
LSD 5 15 -179,75667* | 40,37768 007 -342,5653 -16,9481
35 -336,26667" | 45,14362 ,001 -518,2922 -154,2411
15 5 179,75667* | 40,37768 ,007 16,9481 342,5653
35 -156,51000 | 45,14362 ,018 -338,5355 25,5155
35 5 336,26667* | 45,14362 ,001 154,241 518,2922
15 156,51000 | 45,14362 ,018 ~25,5155 338,5355

*. The mean difference is significant at the .01 level.

Tabela A34 - ANOVA das concentragéo de cadmio nos tecidos vegetais na raiz da S. nigrum

ANOVA
ConcCdPlantaR
Sum of
Squares df Mean Square F Sig.
Between Groups | 852684,0 2 426342,000 36,034 ,003
Within Groups 47326,376 4 11831,594
Total 900010,4 <]

Tabela A35 — Comparagao muiltipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na raiz
da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ConcCdPlantaR
Mean
Difference 95% Confidence Interval

0 ConcCdsoloR  (J) ConcCdsoloR (1-J) Std. Error Sig. Lower Bound { Upper Bound
Tukey HSD 5 15 -460,73000* {108,77313 ,029 -848,3962 -73,0638
35 -841,57167*{ 99,29583 ,002 -1195,4609 -487,6824
15 5 460,73000* (108,77313 ,029 73,0638 848,3962
35 -380,84167* | 99,29583 ,040 -734,7308 -26,9524
35 5 841,57167* | 99,29583 ,002 487,6824 1195,4609
15 380,84167*] 99,29583 ,040 26,9524 734,7309
Scheffe 5 15 -460,73000* }108,77313 ,033 -866,0985 -55,3615
35 -841,57167* | 99,29583 ,003 -1211,6208 -471,5226
15 5 460,73000* |108,77313 ,033 55,3615 866,0985
35 -380,84167* | 99,29583 ,046 -750,8908 -10,7926
35 5 841,57167* | 99,29583 ,003 471,5228 1211,6208
15 380,84167* | 99,29583 ,046 10,7926 750,808
LSD 5 15 -460,73000* {108,77313 ,013 -762,7326 -158,7274
35 -841,57167* | 99,29583 ,001 -1117,2611 -565,8822
15 5 460,73000" |108,77313 ,013 168,7274 762,7326
35 -380,84167*| 99,29583 ,019 -656,5311 -105,1522
35 5 841,57167* | 99,29583 ,001 565,8822 1117,2611
15 380,84167*| 99,29583 ,019 105,1522 656,5311

*. The mean difference is significant at the .05 level.
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Tabela A36 — Comparag&o muiltipla entre os diferentes tratamentos de cadmio nos tecidos vegetais na raiz
da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: ConcCdPlantaR
Mean
Difference 99% Confidence Interval

(1) ConcCdsoloR  (J) ConcCdsoloR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 5 15 -460,73000 |108,77313 ,029 -1085,2580 163,7980
35 -841,57167*| 99,29583 ,002 -1411,6851 -271,4582
15 5 460,73000 |108,77313 ,029 -163,7980 1085,2580
35 -380,84167 | 99,29583 040 -950,9551 189,2718
35 5 841,57167*| 99,29583 ,002 271,4582 1411,6851
15 380,84167 | 99,29583 040 -189,2718 950,9551
Scheffe 5 15 -460,73000 |108,77313 .033 -1113,3688 191,9088
35 -841,57167*| 99,29583 ,003 -1437,3466 -245,7967
15 5 460,73000 |108,77313 ,033 -191,9088 1113,3688
35 -380,84167 | 99,29583 ,046 -976,6166 214,9333
35 5 841,57167*| 99,29583 ,003 245,7967 1437,3466
15 380,84167 | 99,29583 ,046 -214,9333 976,6166
LSD 5 15 -460,73000 |108,77313 ,013 -961,5318 40,0718
35 -841,57167* | 99,29583 ,001 -1298,7391 -384,4042
15 5 460,73000 [108,77313 ,013 -40,0718 961,5318
35 -380,84167 | 99,29583 ,019 -838,0091 76,3258
35 5 841,57167*| 99,29583 001 384,4042 1298,7391
15 380,84167 | 99,29583 ,019 -76,3258 838,0091

*. The mean difference is significant at the .01 level.
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ANEXO XI

Peroxidagéo Lipidica
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Tabela A37 - ANOVA da peroxidagao lipidica (produgéo de malondialdeido) nos tecidos vegetais na parte
aérea da B. juncea

ANOVA
MDApa
Sum of
Squares df Mean Square F Sig.
Between Groups 13,295 3 4,432 32,495 ,000
Within Groups 1,227 9 ,136
Total 14,522 12

Tabela A38 — Comparagao muitipla entre os diferentes tratamentos de cadmio na peroxidagao lipidica
(produg&o de malondialdeido) nos tecidos vegetais na parte aérea da B. juncea com p<0,05

Muitiple Comparisons

Dependent Variable: MDApa

Mean
Difference 95% Confidence Interval

{l) CdPA__ {J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD O 5 -,9864333* | ,2820537 ,028 -1,866948 -,105918
15 -2,7619000* | ,2820537 ,000 -3,642415 -1,881385

35 -,8815000" | ,2820537 ,050 -1,762015 -,000985

5 0 ,9864333* ( ,2820537 .028 ,105918 1,866948
15 -1,7754667* | ,3015281 ,001 -2,716777 -,834157

35 ,1049333 | ,3015281 ,885 -,836377 1,046243

15 0 2,7619000* | ,2820537 ,000 1,881385 3,642415
5 1,7754667* | ,3015281 ,001 ,834157 2,718777

35 1,8804000* | ,3015281 ,001 ,939090 2,821710

35 0 ,8815000* | 2820537 ,050 ,000985 1,762015
5 -,1049333 | ,3015281 985 -1,046243 836377

15 -1,8804000* | ,3015281 ,001 -2,821710 -,939080

Scheffe 0 5 -,9864333" | 2820537 ,044 -1,946562 -,026305
15 -2,7619000* | ,2820537 ,000 -3,722029 -1,801771

35 -,8815000 | ,2820537 ,074 -1,841629 ,078629

5 0 ,9864333* | ,2820537 ,044 ,026305 1,846562
15 -1,7754667* | ,3015281 ,002 -2,801887 -,748046

35 ,1049333 | ,3015281 ,988 -.921487 1,131354

15 0 2,7619000% | 2820537 ,000 1,801771 3,722029
5 1,7754667* | ,3015281 ,002 ,749046 2,801887

35 1,8804000" | ,3015281 ,001 ,853979 2,906821

35 0 ,8815000 | 2820537 ,074 -,078629 1,841629
5 -1049333 | ,3015281 ,088 -1,131354 ,921487

15 -1,8804000* | ,3015281 ,001 -2,906821 -,853979

LSD 0 5 -,9884333* | ,2820537 ,007 -1,624483 -,348383
15 -2,7619000* | ,2820537 ,000 -3,399950 -2,123850

35 -,8815000* | ,2820537 012 -1,519550 -,243450

5 0 ,8864333" | ,2820537 ,007 ,348383 1,624483
15 -1,7754667* | ,3015281 ,000 -2,457571 -1,093363

35 ,1049333 | ,3015281 ,736 577171 ,787037

15 0 2,7619000* | ,2820537 ,000 2,123850 3,399950
5 1,7754667* | ,3015281 ,000 1,093363 2,457571

35 1,8804000% | ,3015281 ,000 1,198296 2,562504

35 0 ,8815000* | ,2820537 012 ,243450 1,518550
5 -,1049333 | ,3015281 736 -, 787037 577171

15 -1,8804000" | ,3015281 ,000 -2,562504 -1,198206

*. The mean difference is significant at the .05 level.
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Tabela A39 - Comparagdo multipla entre os diferentes tratamentos de cadmio na peroxidagao lipidica
(produgso de malondialdefdo) nos tecidos vegetais na parte aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: MDApa
Mean
Difference 99% Confidence interval

(1) CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,9864333 | ,2820537 ,028 -2,174447 ,201580
15 -2,7619000* | ,2820537 ,000 -3,949913 -1,573887
35 -,8815000 | ,2820537 050 -2,069513 , 306513
5 0 9864333 | ,2820537 ,028 ~,201580 2,174447
15 -1,7754667* | ,3015281 ,001 -3,045508 -,505427
35 ,1049333 | ,3015281 ,985 -1,165108 1,374973
15 o] 2,7619000* | ,2820537 ,000 1,573887 3,049913
5 1,7754667* | ,3015281 ,001 505427 3,045506
35 1,8804000% | ,3015281 ,001 ,610360 3,150440
35 0 ,8815000 | ,2820537 ,050 -,306513 2,069513
5 -,10498333 | ,3015281 ,985 -1,374973 1,165106
15 -1,8804000*| ,3015281 ,001 -3,150440 -,810360
Scheffe 0 5 -,9864333 | ,2820537 ,044 -2,278220 ,305353
15 -2,7619000* | ,2820537 ,000 -4,053686 -1,470114
35 -,8815000 | ,2820537 ,074 -2,173286 410286
5 0 ,9864333 | ,2820537 ,044 -,305353 2,278220
15 -1,7754667* | ,3015281 ,002 -3,156444 -,394489
35 ,1049333 | 3015281 ,988 -1,276044 1,485911
15 0 2,7619000" | ,2820537 ,000 1,470114 4,053686
5 1,7754667* | ,3015281 ,002 ,394489 3,156444
35 1,8804000* | ,3015281 ,001 ,499422 3,261378
35 0 8815000 | ,2820537 ,074 -,410286 2,173286
5 -,1049333 | ,3015281 ,988 -1,485911 1,276044
15 -1,8804000* [ ,3015281 ,001 -3,261378 -,499422
LSD 0 5 -,8864333* | ,2820537 ,007 -1,803062 -,069805
15 -2,7619000* | ,2820537 ,000 -3,678528 -1,845272
35 -,8815000 | ,2820537 012 -1,798128 ,035128
5 0 9864333 | ,2820537 ,007 ,089805 1,903062
15 -1,7754667* | ,3015281 ,000 -2,755384 -,795550
35 ,1049333 | ,3015281 ,736 -,874984 1,084850
15 0 2,7619000* | ,2820537 ,000 1,845272 3,678528
5 1,7754667* | ,3015281 ,000 795550 2,755384
35 1,8804000" | ,3015261 ,000 ,800483 2,880317
35 0 ,8815000 | ,2820537 012 -,035128 1,798128
-,1049333 | ,3015281 ,736 -1,084850 ,874984
15 -1,8804000* | ,3015281 ,000 -2,860317 -,800483

*. The mean difference is significant at the .01 level.
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Tabela A40 - ANOVA da peroxidagao lipidica (produg&o de malondialdeldo) nos tecidos vegetais na raiz da

B. juncea
ANOVA

MDAr

Sum of

Squares df Mean Square F Sig.
Between Groups 122 3 ,041 8,817 ,005
Within Groups ,041 9 ,005
Total ,163 12

Tabela A41 — Comparag&o multipla entre os diferentes tratamentos de cadmio na peroxidag&o lipidica
(produg&o de malondialdeldo) nos tecidos vegetais na raiz da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: MDAr

Mean

Difference 95% Confidence interval
_ () CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,1143667 | ,0518502 ,193 -,276232 ,047499
15 -,2434667* | 0518502 ,005 -,405332 -,081601
35 -,2006333* | ,0518502 ,016 -,362499 -,038768
5 0 ,1143667 | ,0518502 193 -,047499 ,276232
15 -,1291000 | ,0554302 ,162 -,302142 ,043942
35 -,0862667 | ,0554302 447 -,259308 ,086775
15 0 ,2434667* | ,0518502 ,005 ,081601 405332
5 ,1291000 | ,0554302 ,162 -,043942 302142
35 ,0428333 | ,05654302 ,865 -,130208 ,215875
35 0 ,2006333* | ,0518502 016 ,038768 ,362499
5 ,0862667 | ,0554302 447 -,086775 ,259308
15 -,0428333 | ,0554302 ,865 -, 215875 ,130208
Scheffe 0 5 -,1143667 | ,0518502 ,252 -,290868 ,062135
15 -,2434667* | ,0518502 ,009 -,419968 -,086965
35 -,2006333* | ,0518502 ,026 - 377135 -,024132
5 0 ,1143667 | ,0518502 252 -,082135 ,290868
15 -1291000 | ,0554302 216 -317766 ,059588
35 -,0862667 | ,0554302 ,621 -,274954 ,102421
15 0 ,2434667* | ,0518502 ,009 066965 419968
5 ,1291000 | ,0554302 218 -,059566 317788
35 ,0426333 | ,0554302 ,694 -,145854 231521
35 0 ,2006333" | ,0518502 ,026 ,024132 377135
5 ,0862667 | ,0554302 521 -,102421 ,274954
15 -,0428333 | ,0554302 ,894 -,231521 ,145854
LSD 0 5 -,1143667 | ,0518502 ,055 -, 231660 ,002927
15 -,2434667* | ,0518502 ,001 -,360760 -,128173
35 -,2006333* | ,0518502 ,004 -,317927 -,083340
5 0 ,1143667 | ,0518502 ,055 -,002927 ,231660
15 -,1291000* | ,0554302 ,045 -,254492 -,003708
35 -,0862667 | ,0554302 ,154 -,211658 ,039125
16 0 ,2434667* | ,0518502 ,001 ,126173 ,360760
5 ,1291000* | ,0554302 ,045 ,003708 ,254492
35 ,0428333 | ,0554302 459 -,062558 ,168225
35 0 ,2006333* | ,0518502 ,004 ,083340 317927
,0862667 | ,0554302 ,154 -,039125 211658
15 -,0428333 | ,0554302 ,459 -,168225 062558

*. The mean difference is significant at the .05 level.
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Tabela A42 — Comparag8o miuiltipla entre os diferentes tratamentos de cadmio na peroxidagéo lipldica

(produgdo de malondialdeldo) nos tecidos vegetais na raiz da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: MDAr
Mean
Difference 99% Confidence Interval

() CdR  {J) CdR (i-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,1143667 | ,0518502 ,193 -,332760 ,104027
15 -,2434667*| ,0518502 ,005 -, 461860 -,025073
35 -, 2006333 | ,0518502 ,016 -,419027 ,017760
5 0 ,1143667 | ,0518502 ,193 -,104027 332760
15 -,1291000 | ,0554302 ,162 -,362572 ,104372
35 -0862667 | ,0554302 447 -,319739 147208
15 0 ,2434667* | ,0518502 ,005 ,025073 ,461860
5 ,1291000 | ,0554302 ,162 -,104372 ,382572
35 ,0428333 | ,0554302 ,865 -,190639 ,276306
35 0 ,2006333 | ,0518502 ,016 -,017760 419027
5 ,0862667 | ,0554302 447 -,147206 ,319739
15 -,0428333 | ,0554302 865 -,276306 ,190839
Scheffe 0 5 -,1143667 | ,0518502 ,252 -,351837 ,123103
15 -,2434667* | ,0518502 ,009 -,480937 -,005997
35 -, 2006333 | ,0518502 ,026 -,438103 036837
5 0 1143667 | ,0518502 ,252 -,123103 ,351837
15 -,1291000 | ,0554302 216 -,382966 ,124766
35 -,0862667 | ,0554302 521 -,340133 ,167600
15 0 ,2434667* | ,0518502 ,008 ,005997 ,480937
5 ,1291000 | ,0554302 216 -,124766 ,382966
35 ,0428333 | ,0554302 ,894 -,211033 ,296700
35 0 ,2006333 | ,0518502 ,026 -,036837 438103
5 ,0862667 | .0554302 ,521 -,167600 ,340133
15 -,0428333 | ,0554302 ,894 -,286700 ,211033
LSD 0 5 -,1143667 | ,0518502 ,055 -,282871 ,054138
15 -, 2434667 | ,0518502 ,001 -,411971 -,074962
35 -,2006333* | ,0518502 ,004 -,369138 -,032129
5 0 1143667 | ,0518502 ,055 -,054138 ,282871
15 -,1291000 | ,0554302 ,045 -,309239 ,051039
35 -,0862667 | ,0554302 154 -,266406 ,093872
15 0 ,2434667* | ,0518502 ,001 ,074962 411971
5 ,1291000 | ,0554302 ,045 -,051039 ,309239
35 ,0428333 | ,0554302 ,459 -,137308 222972
35 0 ,2008333*| ,0518502 ,004 ,032129 369138
5 ,0862667 | ,0554302 154 -,093872 ,266406
15 -,0428333 | ,0554302 ,459 -,222972 ,137308

*. The mean difference is significant at the .01 level.
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Tabela A43 - ANOVA da peroxidacgao lipidica (produgdo de malondialdeido) nos tecidos vegetais na parte
aérea da N. tabacum

ANOVA
MDApa
Sum of
Squares df Mean Square F Sig.
Between Groups 5,434 3 1,811 23,475 ,000
Within Groups ,694 9 077
Total 6,128 12

Tabela A44 — Comparagdo muitipla entre os diferentes tratamentos de cadmio na peroxidagéo lip/dica
(produgao de malondialdeldo) nos tecidos vegetais na parte aérea da N. tabacum com p<0,05

Multiple Comparisons

Dependent Variable: MDApa

Mean
Difference 95% Confidence Interval |
_ () CdPA  {J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,3876333 | ,2267927 363 -1,105634 ,310368
15 -1,6691583* | ,2121451 ,000 -2,331433 -1,006884
35 -,7287333* | ,2267927 044 -1,436734 -,020732
5 0 ,3976333 | ,2267927 ,353 -,310368 1,105634
15 -1,2715250* | ,2121451 ,001 -1,933799 -,609251
35 -,3311000 | ,2267927 497 -1,039101 376901
15 0 1,6691583* | ,2121451 ,000 1,006884 2,331433
5 1,2715250* | ,2121451 ,001 ,609251 1,933799
35 ,0404250* | ,2121451 ,007 ,278151 1,602699
35 0 ,7287333* | ,2267927 ,044 ,020732 1,436734
5 ,3311000 | 2267927 497 -,376901 1,038101
15 -,8404250*| ,2121451 ,007 -1,602699 -, 278151
Scheffe 0 5 -,3976333 | ,2267927 427 -1,169650 ,374383
15 -1,6691583* | ,2121451 ,000 -2,391314 -,947003
35 -,7287333 | ,2267927 ,085 -1,500750 ,043283
5 0 , 3976333 | ,2267927 427 -,374383 1,169650
15 -1,2715250% | ,2121451 002 -1,993680 -,549370
35 -,3311000 | ,2267927 ,570 -1,103117 440917
15 0 1,6691583* | ,2121451 ,000 847003 2,391314
5 1,2716250* | 2121451 ,002 549370 1,893680
35 ,0404250" | ,2121451 012 ,218270 1,662580
35 0 7287333 | ,2267927 ,065 -,043283 1,500750
, 3311000 | ,2267927 570 -,440917 1,103117
15 -,9404250* | ,2121451 ,012 -1,662580 -,218270
LSD 0 5 3976333 | ,2267927 113 -,910674 115407
15 -1,6691583*| ,2121451 ,000 -2,148064 -1,189253
35 -,7287333*| ,2267927 ,011 -1,241774 -, 2156983
5 0 ,3976333 | 2267927 113 -,115407 910674
15 -1,2715250% | 2121451 ,000 -1,751431 -,791618
35 -,3311000 | ,2267927 ,178 -,844141 ,1819841
15 0 1,6691583* | ,2121451 ,000 1,189253 2,149064
5 1,2715250* | ,2121451 ,000 , 791619 1,751431
35 ,8404250* | ,2121451 ,002 460519 1,420331
35 0 ,7287333* | ,2267927 011 ,215693 1,241774
5 ,3311000 | ,2267927 178 -,181941 ,844141
15 -,9404250* | ,2121451 ,002 -1,420331 -,460519

*. The mean difference is significant at the .05 level.
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Tabela A45 — Comparagdo multipla entre os diferentes tratamentos de cadmio na peroxidagdo lipidica
(produgéo de malondialdeido) nos tecidos vegetais na parte aérea da N. tabacum com p<0,01

Muitiple Comparisons
Dependent Variable: MDApa
Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA {I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,3976333 | ,2267927 ,353 -1,352887 ,557620
15 -1,6691583* | ,2121451 ,000 -2,5627186 -, 775601
35 -, 7287333 | ,2267927 044 -1,683987 226520
5 0 3976333 | ,2267927 353 -,557620 1,352887
15 -1,2715250* | ,2121451 ,001 -2,165083 -,377967
35 -,3311000 | ,2267927 497 -1,286353 624153
15 0 1,6691583* | ,2121451 ,000 ,775601 2,562716
5 1,2715250* | ,2121451 ,001 ,377967 2,165083
35 ,9404250" | ,2121451 ,007 ,046867 1,833983
35 0 ,7287333 | ,2267927 ,044 -,226520 1,683987
5 ,3311000 | ,2267927 497 -,624153 1,286353
15 -,9404250* | ,2121451 ,007 -1,833983 -,046867
Scheffe 0 5 -,3976333 | ,2267927 427 -1,436328 ,641061
15 -1,6691563* | ,2121451 ,000 -2,640768 -,897549
35 - 7287333 | ,2267927 ,065 -1,767428 ,309961
5 0 3976333 | ,2267927 427 -,641061 1,436328
15 -1,2715250*% | ,2121451 ,002 -2,243135 -, 299915
35 -,3311000 | ,2267927 ,570 -1,369794 707594
15 0 1,6691583*| ,2121451 ,000 ,697549 2,840768
5 1,2715250* | ,2121451 ,002 299915 2,243135
35 8404250 | ,2121451 ,012 -,031185 1,912035
35 0 7287333 | ,2267927 ,065 -,309861 1,767428
5 ,3311000 | ,2267927 570 -,707594 1,369794
15 -,9404250 | ,2121451 ,012 -1,912035 ,031185
LSD 0 5 -,3976333 | ,2267927 113 -1,134872 ,339408
15 -1,6691583*| ,2121451 ,000 -2,356595 -,979722
35 -, 7287333 | ,2267927 011 -1,465772 ,008306
5 0 3976333 | ,2267927 113 -,339406 1,134672
15 -1,2715250* | ,2121451 ,000 -1,960962 -,582088
35 -,3311000 | ,2267927 178 -1,068139 ,405939
15 0 1,8891583*| ,2121451 ,000 979722 2,358595
5 1,2715250* | ,2121451 ,000 582088 1,960962
35 ,9404250" | ,2121451 ,002 ,250988 1,629862
35 0 7287333 | ,2267927 011 -,008308 1,465772
5 ,3311000 | ,2267927 178 -,405939 1,068139
15 -,9404250*{ ,2121451 ,002 -1,629862 -,250968

*. The mean difference is significant at the .01 level.
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Tabela A46 - ANOVA da peroxidagao lipidica (producdo de malondialdeido) nos tecidos vegetais na raiz da

N. tabacum
ANOVA

MDAr

Sum of

Squares df Mean Square F Sig.
Between Groups 209 3 ,070 10,581 ,003
Within Groups ,069 9 ,007
Total 268 12

Tabela A47 - Comparag8o mdltipla entre os diferentes tratamentos de cadmio na peroxidagao lipidica
(produgdo de malondialdeido) nos tecidos vegetais na raiz da N. tabacum com p<0,05

Multiple Comparisons
Dependent Variable: MDAr
Mean
Difference 95% Confidence Interval

____(hCdR__(y)CdR (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD O 5 ,3646000* | 0702420 ,003 145319 583881
15 ,0115250 | 0573524 ,997 -, 167518 190568
35 ,0443500 | 0619477 ,888 -,149038 , 237738
5 0 -,3646000* | ,0702420 ,003 -,.583881 -,145319
15 -,3530750% | ,0702420 ,003 -,572356 -,133794
35 -,3202500* | ,0740416 ,009 -,551393 -,088107
15 0 -,0115250 | ,0573524 ,997 -,190568 167518
5 ,3530750*} ,0702420 ,003 ,133794 ,572356
35 ,0328250 | ,0619477 ,950 -,160563 226213
35 0 -,0443500 | ,0619477 ,888 -, 237738 ,149038
5 ,3202500* | ,0740416 ,009 ,089107 ,551393
15 -,0328250 | ,0619477 ,950 -,226213 ,160563
Scheffe 0 5 ,3646000* | ,0702420 ,005 ,125492 ,603708
15 ,0115250 | ,0573524 ,998 -,183706 ,206756
35 ,0443500 | ,0619477 913 -,166524 ,255224
5 0 -,3646000* | ,0702420 ,005 -,603708 -,125492
15 -,3530750* | ,0702420 ,006 -,592183 -,113967
35 -,3202500* | ,0740416 ,014 -,572292 -,068208
15 0 -,0115250 | ,0573524 998 -,206756 ,183708
5 ,3530750* | ,0702420 ,008 ,113967 592183
35 ,0328250 | ,0819477 ,962 -,178049 ,243699
35 0 -,0443500 | ,0619477 913 -,255224 .166524
5 ,3202500* | ,07404186 ,014 ,068208 572292
15 -,0328250 | ,0619477 ,962 -,243699 ,178049
LSD 0 5 ,3646000* | ,0702420 ,001 ,205701 ,523499
15 ,0115250 | ,0573524 ,845 -,118215 ,141265
35 ,0443500 | ,0619477 492 -,095785 ,184485
5 0 -,3646000* | ,0702420 ,001 -,523499 -, 205701
15 -,3530750* | ,0702420 ,001 -511974 -,184176
35 -,3202500" | ,0740416 ,002 - 487744 -,152756
186 0 -,0115250 | 0573524 ,845 -, 141265 118215
5 ,3530750* | ,0702420 ,001 ,194176 511974
35 ,0328250 | ,0619477 ,609 -,107310 172860
35 0 -,0443500 | ,0619477 492 -,184485 ,095785
5 ,3202500" | ,0740416 ,002 152756 487744
15 -,0328250 | ,08619477 ,609 -,172960 ,107310

*. The mean difference is significant at the .05 level.
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Tabela A48 — Comparagdo miultipla entre os diferentes tratamentos de cadmio na peroxidagdo lipidica
(produgéo de malondialdeido) nos tecidos vegetais na raiz da N. tabacum com p<0,01

Multiple Comparisons
Dependent Variable: MDAr
Mean
Difference 99% Confidence Intervat

() CAR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD O 5 ,3646000* | ,0702420 ,003 ,068740 ,660460
15 ,0115250 | ,0573524 ,997 -,230044 ,253094
35 ,0443500 | ,0619477 ,888 -,216574 305274
5 0 -,3646000* | ,0702420 ,003 -,660460 -,068740
15 -,3530750* | ,0702420 ,003 -,648935 -,057215
35 -,3202500* | ,0740416 ,009 -632114 -,008386
15 0 -,0115250 | ,0573524 ,997 -,253094 ,230044
5 ,3530750* | ,0702420 ,003 ,057215 ,648935
35 ,0328250 | ,0619477 ,950 -,228099 ,293749
35 0 -0443500 | ,0619477 ,888 -,305274 216574
5 ,3202500* | ,0740416 ,009 ,008386 632114
15 -,0328250 | ,0619477 ,950 -, 293749 ,228099
Scheffe 0 5 ,3646000* | ,0702420 ,005 ,042896 ,686304
15 ,0115250 | ,0573524 ,098 -,251145 274195
35 ,0443500 | ,0619477 913 -,239366 ,328066
5 0 -,3646000* | ,0702420 ,005 -,686304 -,042896
15 -,3530750*| ,0702420 ,006 -,674779 -,031371
35 -,3202500 | ,0740416 ,014 -,659355 ,018855
15 0 -,0115250 | ,0573524 ,998 -,274195 ,251145
5 ,3530750* | ,0702420 ,0068 ,031371 674779
35 ,0328250 | ,0619477 ,962 -,250891 ,316541
35 0 -,0443500 | ,0619477 913 -,328066 ,239366
5 ,3202500 | ,0740416 ,014 -,018855 ,659355
15 -,0328250 | ,0619477 ,962 -,316541 ,250891
LSD 0 5 ,3646000* | ,0702420 ,001 ,136325 592875
15 0115250 | ,0573524 ,845 -,174861 197911
35 ,0443500 | ,0619477 ,492 -,156970 245670
5 0 -,3646000* | 0702420 ,001 -,592875 -,136325
15 -,3530750* | ,0702420 ,001 -,581350 -,124800
35 -,3202500* | ,0740416 ,002 -,560873 -,079627
15 0 -,0115250 | ,0573524 ,845 -,197911 ,174861
5 ,3530750* | ,0702420 001 ,124800 ,581350
35 ,0328250 | ,0619477 ,609 -,168495 ,234145
35 0 -,0443500 | ,0619477 492 -,245670 ,156970
5 ,3202500*{ ,0740416 ,002 ,079627 ,560873
15 -,0328250 | ,0619477 ,609 -,234145 ,168495

*. The mean difference is significant at the .01 level.
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Tabela A49 - ANOVA da peroxidacgao lipidica (produgdo de malondialdeido) nos tecidos vegetais na parte
aérea da S. nigrum

ANOVA
MDApa
Sum of
Squares df Mean Square F Sig.
Between Groups 1,035 3 ,345 4,996 ,058
Within Groups ,345 5 ,069
Total 1,380 8

Tabela A50 — Comparagéo multipla entre os diferentes tratamentos de cadmio na peroxidagao lipldica
(produgao de malondialdeido) nos tecidos vegetais na parte aérea da S. nigrum com p<0,05

Multiple Comparisons

Dependent Variable: MDApa

Mean
Difference 95% Confidence Interval

(I) CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,0470500 | ,2627355 998 -1,016521 922421
15 -,4383500 | ,2627355 ,425 -1,407821 531121

35 -, 7954000 | ,2398436 073 -1,680402 ,089602

5 0 ,0470500 | ,2627355 ,998 -,922421 1,016521
15 -,3913000 | ,2627355 ,506 -1,360771 578171

35 -,7483500 | ,2398436 ,089 -1,633352 136652

15 0 4383500 | ,2627355 425 -,531121 1,407821
5 ,3913000 | ,2627355 ,506 - 578171 1,360771

35 -,3570500 | ,2398436 ,506 -1,242052 527952

35 0 ,7954000 | ,2398436 073 -,089602 1,680402
5 ,7483500 | ,2398436 ,089 -,136652 1,633352

15 ,3570500 | ,2398436 ,506 -,527952 1,242052

Scheffe 0 5 -,0470500 | ,2627355 ,998 -1,105465 1,011385
15 -,4383500 | ,2627355 492 -1,496765 ,620085

35 -, 7954000 | ,2398436 ,098 -1,761596 170798

5 0 ,0470500 | ,2627355 098 -1,011365 1,105465
15 -,3913000 | ,2627355 572 -1,449715 667115

35 -, 7483500 | ,2398436 119 -1,714546 ,217848

15 0 4383500 | ,2627355 492 -,620065 1,496765
5 ,3913000 | ,2627355 572 -,667115 1,449715

35 -,3570500 | ,2398436 573 -1,323246 ,609146

35 0 ,7954000 | ,2398436 ,008 -,170796 1,761596
5 ,7483500 | ,2398436 119 -, 217846 1,714548

15 ,3570500 | ,2398436 573 -,609146 1,323248

LSD 0 5 -,0470500 | ,2627355 ,865 -, 722433 628333
15 -,4383500 | 2627355 156 -1,113733 ,237033

35 -,7954000* ] ,2398436 ,021 -1,411938 -,178862

5 0 ,0470500 | 2627355 ,865 -,628333 722433
15 -,3913000 | ,2627355 197 -1,066683 ,284083

35 -,7483500* | ,2398436 026 -1,364688 -,131812

15 0 4383500 | ,2627355 ,156 -,237033 1,113733
5 3913000 | ,2627355 197 -,284083 1,066683

35 -,3570500 | ,2398436 197 -,973588 ,259488

35 0 ,7954000* | ,2398436 ,021 ,178862 1,411938
5 ,7483500* | ,23984368 ,026 131812 1,364888

15 ,3570500 | ,2398438 197 -,259488 973588

*. The mean difference is significant at the .05 level.
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Tabela A51 — Comparagdo multipla entre os diferentes tratamentos de cadmio na peroxidagéo lipldica
(produg&o de malondialdeldo) nos tecidos vegetais na parte aérea da S. nigrum com p<0,01

Multiple Comparisons

Dependent Variable: MDApa

Mean

Difference 99% Confidence Interval
(1) CdPA__ (J) CdPA (-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,0470500 | ,2627355 ,998 -1,496922 1,402822
15 -,4383500 | ,2627355 425 -1,888222 1,011522
35 -,7954000 | ,2398436 073 -2,118946 ,528146
5 0 ,0470500 | ,2627355 ,998 -1,402822 1,496922
15 -,3913000 | ,2627355 ,506 -1,841172 1,058572
35 -, 7483500 | ,2398436 ,089 -2,071896 ,575196
15 0 ,4383500 | ,2627355 425 -1,011522 1,888222
5 ,3913000 | ,2627355 ,506 -1,058572 1,841172
35 -,3570500 | ,2398436 ,508 -1,680596 ,966496
35 0 ,7954000 | ,2398436 ,073 -,528146 2,118946
5 , 7483500 | ,2398436 ,089 -575196 2,071896
15 ,3570500 | ,2398436 ,508 -,966496 1,680596
Scheffe 0 5 -,0470500 | ,2627355 ,998 -1,627396 1,633296
15 -,4383500 | ,2627355 ,492 -2,018696 1,141996
35 -,7954000 | ,2398436 ,098 -2,238052 647252
5 0 ,0470500 | ,2627355 998 -1,633296 1,627396
15 -,3913000 | ,2627355 572 -1,971646 1,189046
35 -, 7483500 | ,2398436 ,118 -2,191002 ,694302
15 0 ,4383500 | ,2627355 ,492 -1,141996 2,018696
5 ,3913000 | ,2627355 ,572 -1,189046 1,971646
35 -,3670500 | ,2398436 573 -1,799702 1,085602
35 0 , 7954000 | ,2398436 ,098 -,647252 2,238052
5 ,7483500 | ,2398436 119 -,694302 2,191002
15 ,3570500 | ,2398436 573 -1,085602 1,799702
LSD 0 5 -,0470500 | ,2627355 ,865 -1,106437 1,012337
15 -,4383500 | ,2627355 ,156 -1,497737 ,621037
35 -,7954000 | ,2398436 ,021 -1,762484 ,171684
5 0 ,0470500 | ,2627355 ,865 -1,012337 1,106437
15 -,3913000 | ,2627355 197 -1,450687 668087
35 -, 7483500 | ,2398436 ,026 -1,715434 ,218734
15 0 ,4383600 | ,2627355 156 -,621037 1,497737
5 ,3913000 | ,2627355 197 -,668087 1,450687
35 -,3570500 | ,2398436 197 -1,324134 ,610034
35 ) ,7954000 | ,2398436 ,021 -, 171684 1,762484
,7483500 | ,2398436 ,026 -,218734 1,715434
15 ,3570500 | ,2398436 197 -,610034 1,324134
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Tabela A52 - ANOVA da peroxidacdo lipidica (produg@o de malondialdeldo) nos tecidos vegetais na raiz da

S. nigrum
ANOVA
MDAr
Sum of
| Squares df Mean Square F Sig.
Between Groups ,878 3 283 4,438 041
Within Groups ,528 8 ,068
Total 1,406 11

Tabela A53 — Comparagio multipla entre os diferentes tratamentos de cadmio na peroxidag&o lipldica
(produgéo de malondialdeido) nos tecidos vegetais na raiz da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: MDAr
Mean
Difference 95% Confidence Interval

() CdR  (J) CdR {I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 3623000 | ,2344265 457 -,388416 1,113018
15 -,1859750 | ,1961353 ,781 -,814089 442119
35 -,4626333 | ,2096774 ,201 -1,134094 ,208828
5 0 -,3623000 | ,2344265 ,457 -1,113016 ,388416
15 -, 5482750 | ,2223965 141 -1,260467 163917
35 -,8249333* | ,2344265 ,032 -1,575649 -,074217
15 0 ,1859750 | ,1961353 ,781 -,442119 ,814089
5 ,5482750 | ,2223965 141 -,163917 1,260467
35 -,2766583 | ,1961353 ,527 -,904753 , 351436
35 0 4626333 | ,2096774 201 -,208828 1,134094
5 ,8249333* | 2344265 ,032 074217 1,575649
15 2766583 | ,1961353 527 -.351436 904753
Scheffe 0 5 ,3623000 | ,2344265 ,530 -,456468 1,181088
15 -,1859750 | ,1961353 ,825 -,871005 ,499055
35 -,4626333 | ,2006774 ,259 -1,194961 ,269695
5 1] -,3623000 | ,2344265 ,530 -1,181068 ,456468
15 -,5482750 | ,2223965 ,189 -1,325026 ,228476
35 -,8249333* | ,2344265 048 -1,643701 -,006168
15 0 ,1859750 | ,1961353 ,825 -,499055 871005
5 5482750 | ,2223965 ,189 -,228476 1,325026
35 -,2766583 | ,1961353 ,598 -,861688 ,408372
35 0 ,4626333 | ,2096774 ,259 -,269695 1,194961
5 ,8249333" | 2344265 ,048 ,008168 1,643701
15 ,2766583 | ,1961353 ,598 -,408372 ,961688
LSD 0 5 ,3623000 | ,2344265 1861 -,178288 ,002888
15 -,1859750 | ,1961353 371 -,638264 ,266314
35 -,4626333 | ,2096774 ,058 -,946150 ,020884
5 o] -,3623000 | ,2344265 181 -,802888 ,178288
15 -,5482750* | ,2223965 ,039 -1,061122 -,035428
35 -,8249333*| ,2344265 ,008 -1,365522 -,284345
16 0 ,1859750 | ,1961353 371 -,266314 ,638264
5 ,5482750% | ,2223965 ,038 ,035428 1,081122
35 -, 2766583 | ,1961353 ,198 -,728947 ,175830
35 0 4626333 | ,2096774 ,058 -,020884 ,846150
5 ,8249333* | ,2344265 ,008 ,284345 1,365522
15 ,2766583 | ,1961353 196 -,175630 ,728947

*. The mean difference is significant at the .05 level.
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Tabela A54 — Comparagao multipla entre os diferentes tratamentos de cadmio na peroxidacao lipidica
(produgo de malondialdeido) nos tecidos vegetais na raiz da S. nigrum com p<0,01

Muitiple Comparisons

Dependent Variable: MDAr

Mean
Difference 99% Confidence Interval

() CdR  (J) CdR (-J) Std. Error Sig. Lower Bound | Upper Bound
TukeyHSD 0 5 ,3623000 | ,2344265 457 -,666076 1,390676
15 -, 1859750 | ,1961353 781 -1,046376 674428

35 -,4626333 | ,2096774 201 -1,382441 457174

5 0 -,3623000 | ,2344265 457 -1,390676 666076
15 -,5482750 | ,2223965 141 -1,623878 427328

35 -,8249333 | ,2344265 ,032 -1,8533089 ,203443

15 0 ,1859750 | ,1961353 ,781 -,674426 1,046376
5 ,5482750 | ,2223965 141 -,427328 1,523878

35 -,2766583 | ,1961353 527 -1,137059 ,583743

35 0 ,4626333 | ,2096774 ,201 -, 457174 1,382441
5 ,8249333 | ,2344265 ,032 -,203443 1,853309

15 ,2766583 | ,1961353 527 -,583743 1,137059

Scheffe 0 5 ,3623000 | ,2344265 530 -,756408 1,481008
15 -,1859750 | ,1961353 ,825 -1,121953 ,750003

35 -,4626333 | ,2096774 ,259 -1,463236 ,537969

5 0 -,3623000 | ,2344265 530 -1,481008 756408
15 -, 5482750 | ,2223965 ,189 -1,609574 513024

35 -,8249333 | ,2344265 ,048 -1,943641 ,293774

15 0 ,1859750 | ,1961353 825 -,750003 1,121953
5 5482750 | ,2223965 189 -,513024 1,609574

35 -,2766583 | ,1961353 ,598 -1,212636 659320

35 0 4626333 | ,2096774 ,259 -,537969 1,463236
5 ,8249333 | ,2344265 ,048 -,293774 1,943641

15 ,2766583 | ,1961353 ,598 -,659320 1,212638

LSD 0 5 ,3623000 | ,2344265 ,161 -,424292 1,148892
15 -,1859750 | ,1961353 371 -,844085 472135

35 -,4626333 | ,2096774 ,058 -1,166182 240916

5 0 -,3623000 | ,2344265 161 -1,148892 424292
15 -,5482750 | ,2223965 ,038 -1,294501 ,197951

35 -,8249333* | ,2344265 ,008 -1,611525 -,038342

15 o] ,1859750 | ,1961353 371 -,472135 ,844085
5 5482750 | ,2223965 ,039 -,197951 1,294501

35 -,2766583 | ,1961353 196 -,834768 ,381451

35 0 ,4626333 | ,2096774 ,058 -, 240816 1,166182
5 ,8249333* | ,2344285 ,008 ,038342 1,611525

15 ,2766583 | ,1961353 ,196 -,381451 934768

*. The mean difference is significant at the .01 level.
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ANEXO Xii

Stress Oxidativo: Catalase
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Tabela A55 - ANOVA da actividade enzimatica da CAT nos tecidos vegetais da parte aérea da B. juncea

ANOVA
ActEnzPA
Sum of
| Squares df Mean Square F Sig.
Between Groups |28727,067 3 9575,689 66,530 ,000
Within Groups 863,585 6 143,931
Total 29590,652 9

Tabela A56 — Comparagéo muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da parte aérea da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -46,08000* | 9,79561 ,013 -79,9896 -12,1704
15 -162,55167* | 10,95182 ,000 -190,4637 -114,6396
35 -70,87167*| 10,95182 ,003 -108,7837 -32,9596
5 0 46,08000*| 9,79561 ,013 12,1704 79,9896
15 -106,47167*| 10,95182 ,000 -144,3837 -68,5596
35 -24,79167 | 10,95182 ,209 -62,7037 13,1204
15 0 152,55187*| 10,95182 ,000 114,6396 190,4637
5 106,47167*| 10,95182 ,000 68,5596 144,3837
35 81,68000%| 11,99712 ,002 40,1494 123,2108
35 0 70,87167*| 10,95182 ,003 32,9596 108,7837
5 24,79167 | 10,95182 ,209 -13,1204 62,7037
15 -81,68000* | 11,99712 ,002 -123,2106 -40,1494
Scheffe 0 5 -46,08000* | 9,79561 ,019 -83,0851 -9,0749
15 -152,55167*| 10,95182 ,000 -193,9246 -111,1787
35 -70,87167*] 10,95182 ,004 -112,2446 -29,4987
5 0 46,08000*| 9,79561 ,019 9,0749 83,0851
15 -106,47167*| 10,95182 ,000 -147,8446 -65,0987
35 -24,79167 | 10,95182 ,264 -66,1646 16,5813
15 4] 152,56167*| 10,95182 ,000 111,1787 193,0246
5 106,47167*| 10,85182 ,000 65,0987 147,8448
35 81,68000* | 11,99712 ,003 36,3582 127,0018
35 0 70,87167*| 10,95182 ,004 20,4987 112,2446
5 24,79167 | 10,95182 ,264 -16,5813 66,1646
15 -81,68000* | 11,99712 ,003 -127,0018 -36,3582
LSD 0 5 -46,08000* | 9,79561 ,003 -70,0490 -22,1110
15 -152,55167*| 10,95162 ,000 -179,3498 -125,7535
35 -70,87167*| 10,95182 ,001 -97,6698 -44,0735
5 0 46,08000*| 9,79561 ,003 22,1110 70,0480
15 -106,47167*| 10,95182 ,000 -133,2698 -79,6735
35 -24,79167 | 10,95182 ,064 -51,5898 2,0085
15 0 152,55167*| 10,95182 ,000 125,7535 179,3498
5 106,47167* | 10,95182 ,000 79,6735 133,2698
35 81,68000* | 11,99712 ,000 52,3241 111,0358
35 0 70,87167*| 10,95182 ,001 44,0735 97,6698
5 24,79167 | 10,95182 ,064 -2,0065 51,5808
15 -81,68000* | 11,89712 ,000 -111,0359 -52,3241

*. The mean difference is significant at the .05 level.
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Tabela A57 — Comparag&o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

CAT nos tecidos vegetais da parte aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -46,08000 9,79561 ,013 -94,7962 2,6362
15 -152,55167*| 10,95182 ,000 -207,0180 -98,0853
35 -70,87167*| 10,95182 ,003 -125,3380 -16,4053
5 0 46,08000 9,79561 ,013 -2,6362 94,7962
15 -106,47167*| 10,95182 ,000 -160,9380 -52,0053
35 -24,79167 | 10,95182 ,209 -79,2580 29,6747
15 0 162,56167*| 10,95182 ,000 98,0853 207,0180
5 106,47167*] 10,95182 ,000 52,0053 160,9380
35 81,68000* | 11,99712 ,002 22,0151 141,3449
35 0 70,87167*| 10,95182 ,003 16,4053 125,3380
5 2479167 | 10,95182 209 -29,6747 79,2580
15 -81,68000* | 11,99712 ,002 -141,3449 -22,0151
Scheffe 0 5 -46,08000 9,79561 ,019 -99,1380 6,9780
16 -152,55167*| 10,95182 ,000 -211,8723 -93,2310
35 -70,87167*| 10,95182 ,004 -130,1923 -14,5510
5 0 46,08000 9,79561 ,019 -6,9780 99,1380
15 -106,47167*| 10,95182 ,000 -165,7923 -47,1510
35 -24,79167 | 10,95182 ,264 -84,1123 34,5290
15 0 152,65167*| 10,95182 ,000 93,2310 211,8723
5 106,47167*| 10,95182 ,000 47,1510 165,7923
35 81,68000* | 11,99712 ,003 16,6975 146,6625
35 0 70,87167*| 10,95182 ,004 11,5510 130,1923
5 2479167 | 10,95182 ,264 -34,5290 84,1123
16 -81,68000* | 11,99712 ,003 -146,6625 -16,6975
LSD 0 5 -46,08000* 9,79561 ,003 -82,3965 -9,7635
15 -162,55167*| 10,95182 000 -193,1548 -111,9486
35 -70,87167*{ 10,95182 ,001 -111,4748 -30,2686
5 0 46,08000" 9,79561 ,003 9,7635 82,3965
15 -106,47187*| 10,95182 ,000 -147,0748 -65,8686
35 -24,79167 | 10,95182 ,084 -65,3948 15,8114
15 0 152,56167* | 10,95182 ,000 111,486 193,1548
5 106,47167*| 10,95182 ,000 65,8686 147,0748
35 81,68000* 1 11,99712 ,000 37,2015 126,1585
35 0 70,87167*| 10,95182 ,001 30,2686 111,4748
5 24,79167 | 10,95182 ,064 -15,8114 65,3048
15 -81,68000%] 11,99712 ,000 -126,1585 -37,2015

*. The mean difference is significant at the .01 level.
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Tabela A58 - ANOVA da actividade enzimatica da CAT nos tecidos vegetais da raiz da B. juncea

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 370,069 3 123,356 6,866 ,009
Within Groups 179,672 10 17,967
Total 549,741 13

Tabela A59 — Comparacgéo miiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da raiz da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 95% Confidence Interval

(N CdR (J) CdR (1-J) Std. Error Sig. Lower Bound | Upper Bound
TukeyHSD 0 5 -,88667 3,09557 991 -10,3571 8,5838
15 -4,44333 3.,09557 507 -13,9138 5,0271
35 -13,31667*| 3,09557 ,007 -22,7871 -3,8462
5 0 ,88667 3,09557 891 -8,5838 10,3571
15 -3,55667 3,46095 738 -14,1449 7,0316
35 -12,43000*| 3,46095 ,021 -23,0183 -1,8417
15 0 4,44333 3,09557 ,507 -5,0271 13,9138
5 3,55667 3,46095 738 -7,0316 14,1449
35 -8,87333 3,46095 109 -19,4616 1,7149
35 0 13,31667* 3,09557 ,007 3,8462 22,7871
5 12,43000" 3,46095 021 1,8417 23,0183
15 8,87333 3,46095 109 -1,7149 19,4616
Scheffe 0 5 -,88667 3,09557 994 -11,2116 9,4382
15 -4,44333 3,09557 ,580 -14,7682 5,8816
35 -13,31667* 3,09557 012 -23,6416 -2,9918
5 0 ,88667 3,09557 994 -9,4382 11,2116
15 -3,55667 3,46095 ,789 -15,1003 7,869
35 -12,43000* 3,46095 ,034 -23,9736 -,8864
15 0 4,44333 3,09557 ,580 -5,8816 14,7682
5 3,55667 3,46095 ,789 -7,9869 15,1003
35 -8,87333 3,46095 ,162 -20,4169 2,6703
35 0 13,31667* 3,09557 ,012 2,9918 23,6416
5 12,43000" 3,46095 ,034 ,8864 23,9736
15 8,87333 3,46095 162 -2,6703 20,4169
LSD 0 5 -,88667 3,09557 ,780 -7,7840 6,0107
16 -4,44333 3,09557 182 -11,3407 2,4540
35 -13,31667* 3,09557 ,002 -20,2140 -6,4193
5 [+] ,88667 3,00557 ,780 -8,0107 7,7840
15 -3,55667 3,46095 328 -11,2681 4,1548
35 -12,43000* 3,46095 005 -20,1415 -4,7185
15 0 4,44333 3,09557 ,182 -2,4540 11,3407
5 3,55667 3,460985 328 -4,1548 11,2681
35 -8,87333" 3,48095 ,028 -16,5848 -1,1619
35 0 13,31667* 3,00557 ,002 6,4193 20,2140
5 12,43000* 3,46095 ,005 4,7185 20,1415
15 8,87333* 3,468095 ,028 1,1619 16,5848

*. The mean difference is significant at the .05 level.
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Tabela A60 - Comparag&o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

CAT nos tecidos vegetais da raiz da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 99% Confidence Interval

(h CdR _ (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,88667 3,08557 ,991 -13,56135 11,7402
15 -4,44333 3,09557 ,507 -17,0702 8,1835
35 -13,31667*| 3,09557 ,007 -25,9435 -,6898
5 0 88667 3,09557 991 -11,7402 13,5135
15 -3,65667 3,46095 ,738 -17,6739 10,5606
35 -12,43000 3,46095 ,021 -26,5472 1,6872
15 0 444333 3,09557 507 -8,1835 17,0702
5 3,55667 3,46095 ,738 -10,5606 17,6739
35 -8,87333 3,46095 ,109 -22,9906 5,2439
35 0 13,31667*1 3,09557 ,007 ,6898 25,9435
5 12,43000 3,46095 ,021 -1,6872 26,5472
15 8,87333 3,46095 ,109 -5,2439 22,9906
Scheffe 0 5 -,88667 3,09557 ,994 -14,6112 12,8379
15 -4,44333 3,09557 ,580 -18,1679 9,2812
35 -13,31667 3,09557 ,012 -27,0412 4079
5 0 ,88667 3,09557 ,994 -12,8379 14,6112
15 -3,65667 3,46095 ,789 -18,9012 11,7878
35 -12,43000 3,46095 ,034 -27,7745 2,9145
15 0 4,44333 3,09557 ,580 -9,2812 18,1679
5 3,565667 3,46095 ,789 -11,7878 18,9012
35 -8,87333 3,46095 ,1562 -24,2178 6,4712
35 0 13,31667 3,09557 ,012 -,4079 27,0412
5 12,43000 3,46095 ,034 -2,9145 27,7745
15 8,87333 3,46095 152 -6,4712 24,2178
LSD 0 5 -,88667 3,09557 ,780 -10,6974 8,9240
15 -4,44333 3,09557 ,182 -14,2540 5,3674
35 -13,31667 3,09557 ,002 -23,1274 -3,5060
5 0 ,88667 3,09557 780 -8,9240 10,6974
15 -3,55667 3,46095 328 -14,5254 7.4120
35 -12,43000* 3,46095 ,005 -23,3987 -1,4613
15 0 4,44333 3,09557 182 -5,3674 14,2540
5 3,55667 3,46095 328 -7.4120 14,5254
35 -8,87333 3,46095 ,028 -19,8420 2,0954
35 0 13,31667* 3,09557 ,002 3,5060 23,1274
5 12,43000* 3,46095 ,005 1,4613 23,3987
15 8,87333 3,46095 ,028 -2,0954 19,8420

*. The mean difference is significant at the .01 level.
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Tabela A61 - ANOVA da actividade enzimatica da CAT nos tecidos vegetais da parte aérea da N. tabacum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups [16262,278 3 5420,759 5,768 ,044
Within Groups 4698,826 5 939,765
Total 20961,104 8

Tabela A62 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da parte aérea da N. tabacum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

_ () CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm -14,27000 | 30,65559 ,964 -127,3865 98,8465
15 ppm -43,82833 | 27,98460 470 -147,0891 59,4324
35 ppm -116,88000* | 30,65559 ,044 -229,9965 -3,7635
5 ppm 0 ppm 14,27000 | 30,65559 964 -98,8465 127,3865
15 ppm -29,65833 | 27,98460 728 -132,8191 73,7024
35 ppm -102,61000 | 30,65559 071 -215,7265 10,5065
15ppm O ppm 43,82833 | 27,98460 470 -59,4324 147,0891
5 ppm 29,55833 | 27,98460 728 -73,7024 132,8191
35 ppm -73,05167 | 27,98460 ,155 -176,3124 30,2091
35ppm  Oppm 116,88000* | 30,65559 ,044 3,7635 229,9965
5 ppm 102,61000 | 30,65559 ,071 -10,5065 215,7265
15 ppm 73,05167 | 27,98460 ,155 -30,2091 176,3124
Scheffe 0 ppm 5 ppm -14,27000 | 30,65559 972 -137,7643 109,2243
15 ppm -43,82833 | 27,98460 ,537 -156,5627 68,9060
35 ppm -116,88000 { 30,65559 ,061 -240,3743 6,6143
5 ppm 0 ppm 14,27000 | 30,65559 972 -109,2243 137,7643
15 ppm -29,55833 | 27,98460 777 -142,2927 83,1760
35 ppm -102,61000 | 30,65559 ,095 -226,1043 20,8843
15ppm  Oppm 43,82833 | 27,98460 ,537 -68,9060 156,5627
5 ppm 29,55833 | 27,98460 q77 -83,1760 142,2927
35 ppm -73,05167 | 27,98460 ,198 -185,7860 39,6827
35ppm  Oppm 116,88000 | 30,65559 ,061 -6,6143 240,3743
5 ppm 102,61000 | 30,65559 ,095 -20,8843 226,1043
15 ppm 73,05167 | 27,98460 ,198 -39,6827 185,7860
LSD 0 ppm 5 ppm -14,27000 | 30,65559 ,661 -93,0727 64,5327
15 ppm -43,82833 | 27,98460 178 -115,7650 28,1064
35 ppm -116,88000% | 30,65559 ,012 -195,6827 -38,0773
5 ppm 0 ppm 14,27000 | 30,65559 661 -64,5327 93,0727
15 ppm -29,55833 | 27,98460 ,339 -101,4950 42,3784
35 ppm -102,61000* | 30,65559 ,020 -181,4127 -23,8073
15ppm 0 ppm 43,82833 | 27,98460 178 -28,1084 115,7650
5 ppm 29,55833 | 27,98460 L339 -42,3784 101,4950
35 ppm -73,05167* | 27,98460 ,048 -144,0884 -1,1150
35ppm  Oppm 116,88000* | 30,65559 ,012 38,0773 195,6827
5 ppm 102,61000* | 30,65559 ,020 23,8073 181,4127
15 ppm 73,05167*| 27,98460 ,048 1,150 144,9884

*. The mean difference is significant at the .05 level.
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Tabela A63 — Comparagdo muitipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da parte aérea da N. tabacum com p<0,01

Muitiple Comparisons

Dependent Variable: ActEnzPA

Mean
Difference 99% Confidence Interval

(I) CdPA  (J) CdPA (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm -14,27000 | 30,65559 ,964 -183,4389 154,8989
15 ppm -43,82833 | 27,98460 470 -198,2577 110,6011

35 ppm -116,88000 | 30,65559 ,044 -286,0489 52,2889

5 ppm 0 ppm 14,27000 | 30,65559 ,964 -154,8989 183,4389
15 ppm -29,55833 | 27,98460 ,728 -183,9877 124,8711

35 ppm -102,61000 | 30,65559 ,071 -271,7789 66,5589

15ppm 0 ppm 43,82833 | 27,98460 470 -110,6011 198,2577
5 ppm 29,55833 | 27,98460 728 -124,8711 183,9877

35 ppm -73,05167 | 27,98460 ,155 -227,4811 81,3777

35ppm  Oppm 116,88000 | 30,65559 ,044 -52,2889 286,0489
5 ppm 102,61000 | 30,65559 ,071 -66,5589 271,7789

15 ppm 73,05167 | 27,98460 ,165 -81,3777 227,4811

Scheffe 0 ppm 5 ppm -14,27000 | 30,65559 972 -198,6624 170,1224
15 ppm -43,82833 | 27,98460 ,537 -212,1548 124,4982

35 ppm -116,88000 | 30,65559 ,061 -301,2724 67,5124

5 ppm 0 ppm 14,27000 | 30,65559 972 -170,1224 198,6624
15 ppm -29,55833 | 27,98460 777 -197,8848 138,7682

35 ppm -102,61000 | 30,65559 ,095 -287,0024 81,7824

15 ppm 0 ppm 43,82833 | 27,98460 537 -124,4982 212,1548
5 ppm 29,55833 | 27,98460 77 -138,7682 197.8848

35 ppm -73,05167 | 27,98460 ,198 -241,3782 95,2748

35ppm Oppm 116,88000 | 30,65559 ,061 67,5124 301,2724
5 ppm 102,61000 | 30,65559 ,095 -81,7824 287,0024

15 ppm 73,05167 | 27,98460 ,198 -95,2748 241,3782

LSD 0 ppm 5 ppm -14,27000 | 30,65559 ,661 -137,8777 109,3377
15 ppm -43,82833 | 27,98460 178 -156,6662 69,0096

35 ppm -116,88000 | 30,65559 ,012 -240,4877 6,7277

5 ppm 0 ppm 14,27000 | 30,65559 661 -109,3377 137,8777
15 ppm -29,55833 | 27,98460 ,339 -142,3962 83,2796

35 ppm -102,61000 | 30,65559 ,020 -226,2177 20,9977

15 ppm 0 ppm 43,82833 | 27,98460 ,178 -69,0096 156,6662
5 ppm 29,55833 | 27,98460 ,339 -83,2796 142,3962

35 ppm -73,05167 | 27,98460 ,048 -185,8896 39,7862

35ppm Oppm 116,88000 | 30,65559 ,012 86,7277 240,4877
5 ppm 102,61000 | 30,65559 ,020 -20,9977 226,2177

15 ppm 73,05167 | 27,98460 ,048 -39,7862 185,8896
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Tabela A64 - ANOVA da actividade enzimatica da CAT nos tecidos vegetais da raiz da N. tabacum

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 828,921 3 276,307 26,015 ,000
Within Groups 116,830 11 10,621
Total 945,751 14

Tabela A65 — Comparagio muitipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da raiz da N. tabacum com p<0,05

Muitiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 95% Confidence Interval |
____(hCdR (JCdR (-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD Oppm  5ppm 9,80333*[ 2,38002 ,008 2,6406 16,9661
15 ppm -9,67750" | 2,18619 ,008 -16,2569 -3,0981
35 ppm -9,27000*| 2,38002 ,011 -16,4328 -2,1072
Sppm 0 ppm -9,80333*| 2,38002 ,008 -16,8661 -2,6406
15ppm | -19,48083*| 2,48908 ,000 -26,9718 -11,9898
35ppm | -19,07333*| 2,66094 ,000 -27.0816 -11,0851
15ppm Oppm 9,67750*| 2,18619 ,005 3,0981 16,2569
5ppm 19,48083* | 2,48908 ,000 11,9898 26,9718
35 ppm ,40750 | 2,48908 ,008 -7,0835 7,8985
35ppm Oppm 9,27000* | 2,38002 ,011 2,1072 16,4328
5ppm 19,07333* | 2,66094 ,000 11,0651 27,0816
15 ppm -, 40750 | 2,48908 ,008 -7,8985 7,0835
Scheffe Oppm  5ppm 9,80333* | 2,38002 014 1,9955 17,6112
16 ppm -9,67750*| 2,18619 ,008 -16,8495 -2,5055
35 ppm -9,27000*| 2,38002 018 -17,0779 -1,4621
Sppm  0ppm -9,80333*| 2,38002 ,014 17,6112 -1,9955
15ppm | -19,48083*| 2,48908 ,000 -27,6465 -11,3152
35ppm | -19,07333*| 2,66094 ,000 -27,8028 -10,3439
15ppm Oppm 9,67750* | 2,18619 ,008 2,5055 16,8495
5 ppm 19,48083* | 2,48908 ,000 11,3152 27,6465
35 ppm ,40750 | 2,48908 ,999 -7,7582 8,5732
35ppm Oppm 9,27000* | 2,38002 ,019 1,4621 17,0779
5 ppm 19,07333*| 2,66094 ,000 10,3439 27,8028
15 ppm 40750 | 2,48908 ,999 -8,5732 7,7582
LSD Oppm  5ppm 9,80333*| 2,38002 ,002 4,5649 15,0417
15 ppm -9,67750*| 2,18619 ,001 14,4893 -4,8657
35 ppm -9,27000* | 2,38002 ,002 -14,5084 -4,0316
Sppm  Oppm -9,80333*| 2,38002 ,002 -15,0417 -4,5649
15ppm | -19,48083*| 2,48908 ,000 -24,9593 -14,0024
35ppm | -19,07333*| 266094 ,000 -24,9300 -13,2166
15ppm  Oppm 9,67750* | 2,18619 ,001 4,8657 14,4893
5 ppm 19,48083" | 2,48908 ,000 14,0024 24,9593
35 ppm ,40750 | 2,48908 873 -5,0709 65,8859
35ppm Oppm 9,27000* | 2,38002 ,002 4,0316 14,5084
5 ppm 19,07333*| 2,66094 ,000 13,2166 24,9300
15 ppm -,40750 | 2,48908 873 -5,8859 5,0709

*. The mean difference is significant at the .05 level.
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Tabela A66 — Comparagdo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da raiz da N. tabacum com p<0,01

Muitiple Comparisons
Dependent Variable: ActEnzR

Mean
Difference 99% Confidence interval

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 9,80333*| 2,38002 ,008 ,3440 19,2627
15 ppm -9,67750*{ 2,18619 ,005 -18,3665 -,9885

35 ppm -9,27000 2,38002 011 -18,7294 ,1894

5 ppm 0 ppm -9,80333*| 2,38002 ,008 -19,2627 -,3440
15 ppm -19,48083*| 2,48908 ,000 -29,3737 -9,5880

35 ppm -19,07333*| 2,66094 ,000 -29,6492 -8,4974

15ppm 0 ppm 9,67750*| 2,18619 ,005 ,9885 18,3665
5 ppm 19,48083*| 2,48908 ,000 9,5880 29,3737

35 ppm 40750 2,48908 998 -9,4853 10,3003

35ppm Oppm 9,27000 2,38002 011 -, 1894 18,7294
5 ppm 19,07333"* 2,66094 ,000 8,4974 29,6492

15 ppm -,40750 2,48908 ,998 -10,3003 9,4853

Scheffe 0 ppm 5 ppm 9,80333 2,38002 ,014 -,4750 20,0817
15 ppm -9,67750*| 2,18619 ,008 -19,1187 -,2363

35 ppm -8,27000 2,38002 ,019 -19,5483 1,0083

5 ppm 0 ppm -9,80333 2,38002 ,014 -20,0817 4750
15 ppm -19,48083* 2,48908 ,000 -30,2302 -8,7315

35 ppm -19,07333*| 2,66094 ,000 -30,5648 -7,5818

15 ppm O0ppm 9,67750*| 2,18619 ,008 ,2363 19,1187
5 ppm 19,48083*( 2,48908 ,000 8,7315 30,2302

35 ppm 40750 2,48908 ,999 -10,3418 11,1568

35ppm Oppm 9,27000 2,38002 ,019 -1,0083 19,5483
5 ppm 19,07333* 2,66094 ,000 7,5818 30,5648

15 ppm -40750 2,48808 ,999 -11,1568 10,3418

LSD 0 ppm 5 ppm 9,80333"| 2,38002 002 2,4115 17,1952
15 ppm -9,67750*| 2,18619 ,001 -16,4674 -2,8876

35 ppm -9,27000* | 2,38002 ,002 -16,6619 -1,8781

5 ppm 0 ppm -9,80333*| 2,38002 ,002 -17,1952 -2,4115
15 ppm -19,48083*| 2,48908 ,000 -27,2114 -11,7502

35 ppm -19,07333*| 2,66094 ,000 -27,3377 -10,8090

15ppm O ppm 9,87750" 2,18619 ,001 2,8876 16,4674
5 ppm 19,48083*| 2,48908 ,000 11,7502 27,2114

35 ppm 40750 2,48908 873 -7,3231 8,1381

35ppm Oppm 9,27000*1 2,38002 ,002 1,8781 16,6619
5 ppm 19,07333*| 2,66094 ,000 10,8090 27,3377

15 ppm -,40750 2,48908 ,873 -8,1381 7,3231

*. The mean difference is significant at the .01 level.
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Tabela A67 - ANOVA da actividade enzimatica da CAT nos tecidos vegetais da parte aérea da S. nigrum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups [70246,734 3 23415578 6,624 ,015
Within Groups 28281,212 8 3535,152
Total 98527,946 11

Tabela A68 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da parte aérea da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

_ () CdPA  (J) CdPA (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 44,48333 | 4541114 ,765 -100,8391 189,9058
15 -80,40000 | 4541114 352 -225,8225 65,0225
35 -177,05000*| 51,49139 ,036 -341,9436 -12,1564
5 0 -44,48333 | 4541114 ,765 -189,9058 100,9391
15 -124,88333 | 48,54655 21 -280,3465 30,5798
35 -221,53333*| 54,27669 ,015 -395,3464 -47,7203
15 0 80,40000 | 4541114 ,352 -65,0225 225,8225
5 124,88333 | 48,54655 121 -30,5798 280,3465
35 -96,65000 | 54,27669 ,348 -270,4631 77,1631
35 0 177,05000* | 51,49139 ,036 12,1564 341,9436
5 221,53333* | 54,27669 015 47,7203 395,3464
15 96,65000 | 54,27669 ,348 77,1631 270,4631
Scheffe 4] 5 4448333 | 4541114 811 -114,1215 203,0881
15 -80,40000 | 4541114 424 -239,0048 78,2048
35 -177,05000 | 51,49139 ,054 -356,8910 2,7910
5 0 -44,48333 | 4541114 811 -203,0881 114,1215
15 -124,88333 | 48,54655 ,165 -294,4390 44,8723
35 -221,53333"| 54,27669 ,023 -411,1023 -31,9643
15 0 80,40000 | 4541114 424 -78,2048 239,0048
5 124,88333 | 48,54655 ,165 -44,6723 294,4390
35 -96,65000 | 54,27669 419 -286,2190 92,9190
35 0 177,05000 | 51,49139 ,054 -2,7910 356,8910
5 221,53333*| 54,27669 ,023 31,9643 411,1023
15 96,65000 | 54,27669 419 -92,9190 286,2190
LSD 0 5 4448333 | 4541114 356 -60,2349 149,2016
15 -80,40000 | 4541114 115 -185,1183 24,3183
35 -177,05000* | 51,49139 ,009 -295,7894 -58,3106
5 0 -44,48333 | 4541114 ,356 -149,2016 60,2349
15 -124,88333* | 48,54655 ,033 -236,8319 -12,9348
35 -221,53333%| 54,27669 ,004 -346,6956 -96,3711
15 0 80,40000 | 4541114 ,115 -24,3183 185,1183
5 124,88333"| 48,54655 ,033 12,9348 236,8319
35 -86,65000 | 54,27668 113 -221,8123 28,5123
35 0 177,05000" | 51,49139 ,009 58,3106 295,7894
5 221,53333° | 54,27669 ,004 96,3711 346,6956
15 96,65000 | 54,27669 113 -28,5123 221,8123

*. The mean difference is significant at the .05 level.
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Tabela A69 — Comparagéo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

CAT nos tecidos vegetais da parte aérea da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzPA

Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 44,48333 | 4541114 ,765 -154,7251 243,6917
15 -80,40000 | 4541114 ,352 -279,6084 118,8084

35 -177,05000 | 51,49139 ,036 -402,9311 48,8311

5 0 -44,48333 | 4541114 765 -243,6917 154,7251
15 -124,88333 | 48,54655 A1 -337,8461 88,0794

35 -221,563333 | 54,27669 ,015 -459,6329 16,5663

15 0 80,40000 | 4541114 352 -118,8084 279,6084
5 124,88333 | 48,54655 21 -88,0794 337,8461

35 -96,65000 | 54,27669 ,348 -334,7498 141,4496

35 0 177,05000 | 51,49139 ,036 -48,8311 402,931
5 221,53333 | 54,27669 ,015 -16,5663 459,8329

15 96,65000 | 54,27669 ,348 -141,4498 334,7496

Scheffe 0 5 4448333 | 4541114 811 -172,2234 261,1900
15 -80,40000 | 4541114 424 -297,1067 136,30687

35 -177,05000 | 51,49139 ,054 -422,7723 68,6723

5 0 -44 48333 | 4541114 811 -261,1900 172,2234
15 -124,88333 | 48,54655 ,165 -356,5525 106,7859

35 -221,53333 | 54,27669 ,023 -480,5474 37,4807

15 0 80,40000 { 4541114 424 -136,3067 297,1067
5 124,88333 | 48,54655 ,165 -106,7859 356,5525

35 -96,65000 | 54,27669 419 -355,6640 162,3640

35 0 177,05000 | 51,49139 ,054 -68,6723 4227723
5 221,53333 | 54,27669 ,023 -37,4807 480,5474

15 96,65000 | 54,27669 419 -162,3640 355,6640

LSD 0 5 44 48333 | 4541114 356 -107,8886 196,8553
15 -80,40000 | 4541114 115 -232,7720 71,9720

35 -177,05000* | 51,49139 ,009 -349,8236 -4,2764

5 0 -44 48333 | 4541114 ,356 -196,8553 107,8886
15 -124,88333 | 48,54655 ,033 -287,7758 38,0092

35 -221,53333* | 54,27669 ,004 -403,6527 -39,4140

15 0 80,40000 | 4541114 115 -71,9720 232,7720
5 124,88333 | 48,54655 ,033 -38,0092 287,7758

35 -96,65000 | 54,27669 113 -278,7693 85,4693

35 [ 177,05000* | 51,49139 ,009 42764 349,8236
5 221,53333* | 54,27669 ,004 39,4140 403,6527

15 96,65000 | 54,27669 113 -85,4693 278,7693

*. The mean difference is significant at the .01 level.

-144 -



Tabela A70 - ANOVA da actividade enzimatica da CAT nos tecidos vegetais na raiz da S. nigrum

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups | 4099,156 3 1366,385 37,515 ,000
Within Groups 254,956 7 36,422
Total 4354,112 10

Tabela A71 — Comparagéo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da raiz da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzR

Mean

Difference 95% Confidence Interval
() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 4,03500 5,50926 ,881 -14,2015 22,2715
15 -26,08000" 4,92763 ,005 42,3912 -9,7688
35 -43,56667* 4,92763 ,000 -59,8779 -27,2554
5 0 -4,03500 5,50926 ,881 -22,2715 14,2015
15 -30,11500* | 5,50926 ,004 -48,3515 -11,8785
35 -47,60167*| 5,50926 ,000 -65,8382 -29,3651
15 0 26,08000* | 4,92763 ,005 9,7688 42,3912
5 30,11500*| 5,50926 ,004 11,8785 48,3515
35 -17,48667* | 4,92763 ,037 -33,7979 -1,1754
35 0 43,56667* | 4,92763 ,000 27,2554 59,8779
5 47,60167*| 5,50926 ,000 29,3651 65,8382
15 17,48667* | 4,92763 ,037 1,1754 33,7979
Scheffe 0 5 4,03500 5,50926 807 -15,8598 23,9298
15 -26,08000* | 4,92763 ,008 43,8745 -8,2855
35 -43,56667" | 4,92763 ,000 61,3611 -25,7722
5 0 -4,03500 5,50926 ,.807 -23,9288 15,8598
15 -30,11500* | 5,50928 ,008 -50,0098 -10,2202
35 -47,60167" 5,50926 ,000 -67,4965 -27,7069
15 0 26,08000* | 4,92763 ,008 8,2855 43,8745
5 30,11500*{ 5,50926 ,006 10,2202 50,0008
35 -17,48667 4,92763 ,054 -35,2811 ,3078
35 0 43,56667*| 4,92763 ,000 257722 61,3811
5 47,60167*| 5,50926 ,000 27,7069 67,4965
15 17,48687 4,92763 ,054 -,3078 35,2811
LSD 0 5 4,03500 5,50926 ,488 -8,9923 17,0623
15 -26,08000"} 4,92763 ,001 -37,7320 -14,4280
35 -43,56667*| 4,92763 ,000 -55,2187 -31,9147
5 0 -4,03500 5,50926 ,488 -17,0623 8,8923
15 -30,11500" 5,50926 ,001 43,1423 -17,0877
35 -47,60167*| 5,50926 ,000 -80,6290 -34,5743
15 0 26,08000*| 4,92763 ,001 14,4280 37,7320
5 30,11500*| 5,50926 ,001 17,0877 43,1423
35 -17,48667* | 4,92763 ,009 -29,1387 -5,8347
35 0 43,56667*| 4,92763 ,000 31,9147 55,2187
47,60167*| 5,50926 ,000 34,5743 60,6280
15 17,486687*| 4,92763 ,009 5,8347 29,1387

*. The mean difference is significant at the .05 level.
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Tabela A72 — Comparagéo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
CAT nos tecidos vegetais da raiz da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 99% Confidence interval

() CdAR _ (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 4,03500 5,60926 ,881 -21,4519 29,5219
15 -26,08000* | 4,92763 ,005 -48,8762 -3,2838
35 -43,56667" 4,92763 ,000 -66,3629 -20,7705
5 0 -4,03500 5,50926 ,881 -29,5219 21,4519
15 -30,11500*} 5,50926 ,004 -55,6018 -4,6281
35 -47,60167*| 5,50926 ,000 -73,0886 -22,1147
15 0 26,08000%| 4,92763 ,005 3,2838 48,8762
5 30,11500*| 5,50926 ,004 4,6281 55,6019
35 -17,48667 4,92763 ,037 -40,2829 5,3095
35 0 43,56667*| 4,92763 ,000 20,7705 66,3629
5 47,60167*} 5,50926 ,000 22,1147 73,0886
15 17,48667 492763 ,037 -5,3095 40,2829
Scheffe 0 5 4,03500 5,50926 807 -23,7055 31,7755
15 -26,08000%| 4,92763 ,008 -50,8919 -1,2681
35 -43,56667°} 4,92763 ,000 -68,3786 -18,7548
5 0 -4,03500 5,60926 907 -31,7755 23,7055
15 -30,11500*| 5,50926 ,006 -57,8555 -2,3745
35 -47,60167*{ 5,50926 ,000 -75,3422 -19,8611
15 0 26,08000*| 4,92763 ,008 1,2681 50,8919
5 30,11500*| 5,50926 ,008 2,3745 57,8555
35 -17,48667 492763 ,054 -42,2986 7,3252
35 0 43,56667*| 4,82763 ,000 18,7548 68,3786
5 47,60167*| 5,50926 ,000 19,8611 75,3422
16 17,48667 4,92763 ,054 -7,3252 42,2986
LSD o] 5 4,03500 5,50926 488 -15,2445 23,3145
16 -26,08000*| 4,92763 ,001 -43,3242 -8,8358
35 -43,56667"| 4,92763 ,000 -60,8108 -26,3225
5 0 -4,03500 5,50926 488 -23,3145 15,2445
15 -30,11500*{ 5,50926 ,001 -49,3945 -10,8355
35 -47,80167*] 5,50928 ,000 -66,8812 -28,3221
156 ] 26,08000*| 4,92763 ,001 8,8358 43,3242
5 30,11500*| §5,50926 ,001 10,8355 49,3945
35 -17,48667"| 4,92763 ,009 -34,7308 -,2425
35 0 43,56667*| 4,92763 ,000 26,3225 60,8108
5 47,60167*| 5,50926 ,000 28,3221 66,8812
15 17,48667*] 4,92763 ,008 2425 34,7308

*. The mean difference is significant at the .01 level.
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ANEXO XiIl

Stress Oxidativo: Ascorbato — Peroxidase
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Tabela A73 - ANOVA da actividade enzimatica da APX nos tecidos vegetais na parte aérea da B. juncea

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups ,011 3 ,004 31,520 ,000
Within Groups ,001 6 ,000
Total ,012 9

Tabela A74 — Comparag&o mdltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da parte aérea da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

() CdPA _ (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,0198000 | ,0093591 ,249 -,052198 012598
15 -,0903000* | ,0093591 ,000 -,122698 -,067902
35 -,0303000 | ,0093591 ,065 -,062698 ,002098
5 0 ,0198000 | ,0093591 ,249 -,012598 ,052198
15 -,0705000* | ,0108069 ,003 -,107911 -,033089
35 -,0105000 | ,0108069 770 -,047911 ,026911
15 0 ,0903000* | ,0093591 ,000 ,057902 ,122698
5 ,0705000* | ,0108069 ,003 ,033089 ,107911
35 ,0600000* | ,0108069 ,006 ,022589 ,097411
35 0 ,0303000 | ,0093591 ,065 -,002098 ,062698
,0105000 | ,0108069 770 -,026911 ,047911
15 -,0600000* | ,0108069 ,006 -,097411 -,022589
Scheffe 0 5 -,0198000 | ,0093591 ,309 -,065156 ,015556
15 -,0903000* | ,0093591 ,000 -,125656 -,0649844
35 -,0303000 | ,0093591 ,090 -,065656 ,005056
5 0 ,0198000 | ,0093591 ,309 -,015556 ,055156
15 -,0705000* | ,0108069 ,004 -,111326 -,029674
35 -,0105000 | ,0108069 815 -,051326 ,030326
15 0 ,0803000* | ,0093591 000 054944 ,125656
5 ,0705000* | ,0108068 ,004 0208674 111326
35 ,0800000* | ,0108069 ,009 019174 ,100826
35 0 ,0303000 | 0093591 080 -,005056 ,085656
5 ,0105000 | ,0108069 815 -,030326 ,051326
15 -,0600000* | ,0108069 ,008 -,100826 -,019174
LSD 0 5 -,0198000 | ,0093591 079 -,042701 ,003101
15 -,0803000* | 0093591 ,000 -,113201 -,067399
35 -,0303000" | ,0093591 ,018 -,063201 -,007399
5 0 ,0198000 | ,0093591 ,079 -,003101 042701
15 -,0705000* | ,0108069 ,001 -,096944 -,044056
35 -,0105000 | ,0108069 ,369 -,036944 ,015944
15 0 ,0803000* | ,0093591 ,000 ,067399 ,113201
5 ,0705000* | ,0108069 ,001 ,044056 ,086944
35 ,0600000* | ,0108069 001 ,033556 ,086444
35 o ,0303000* | ,0093591 ,018 ,007399 ,053201
5 ,0105000 | ,0108069 ,369 -,015944 ,036944
15 -,0600000" | ,0108069 ,001 -,086444 -,033556

*. The mean difference is significant at the .05 level.
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Tabela A75 — Comparagdo muiltipla entre os diferentes tratamentos de cadmio na actividade enzimética da
APX nos tecidos vegetais da parte aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,0198000 | ,0093591 ,248 -,066345 ,026745
15 -,0903000* | ,0093591 ,000 -, 136845 -,043755
35 -,0303000 | ,0093591 ,065 -,076845 ,016245
5 0 ,0198000 | ,0093591 ,249 -,026745 ,066345
15 -,0705000* | ,0108069 ,003 -,124248 -016754
35 -,0105000 | ,0108069 770 -,064246 ,043246
15 0 ,0903000* | ,0093591 ,000 ,043755 ,136845
5 ,0705000* | ,0108069 ,003 ,016754 ,124248
35 ,0600000* | ,0108069 ,006 ,006254 ,113748
35 0 ,0303000 | ,0093591 ,065 -,016245 ,076845
5 ,0105000 | ,0108089 770 -,043246 ,064246
15 -,0600000* | ,0108069 ,006 -,113746 -,006254
Scheffe 0 5 -,0198000 | ,0093591 ,309 -,070494 ,030894
15 -,0903000* | ,0093591 ,000 -,140094 -,039606
35 -,0303000 | ,0093591 ,090 -,080994 ,020394
5 0 ,0198000 | ,0093591 ,309 -,030894 ,070494
15 -,0705000* | ,0108069 ,004 -,129036 -,011964
35 -,0105000 | ,0108069 815 -,069036 ,048036
15 (o} ,0903000*{ ,0093591 ,000 ,039606 ,1400984
5 ,0705000* | ,0108069 ,004 ,011964 ,129036
35 ,0600000*{ ,0108069 ,009 ,001464 ,118536
35 0 ,0303000 | ,0093591 ,090 -,020394 ,080994
5 ,0105000 | ,0108069 815 -,048036 ,069038
15 -,0600000* | ,0108069 ,009 -,118536 -,001464
LSD 0 5 -,0198000 | ,0093591 ,079 -,054498 ,014898
15 -,0903000* | ,0093591 ,000 -,124998 -,055602
35 -,0303000 { ,0093591 ,018 -,064998 ,004398
5 0 ,0198000 | ,0093591 ,079 -,014808 ,054498
15 -,0705000* | ,0108069 ,001 -,110566 -,030434
35 -,0105000 | ,0108069 ,369 -,050566 ,020566
15 0 ,0903000* | ,0093591 ,000 ,055602 ,124998
5 ,0705000* | ,0108089 ,001 ,030434 ,110566
35 ,0600000* | ,0108069 ,001 ,019934 ,100066
35 0 ,0303000 | ,0093591 ,018 -,004396 ,084008
5 ,0105000 { ,0108069 ,369 -,020566 ,050566
15 -,0600000* | ,0108069 ,001 -,100066 -,019934

*. The mean difference is significant at the .01 level.
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Tabela A76 - ANOVA da actividade enzimatica da APX nos tecidos vegetais na raiz da B. juncea

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups ,011 3 ,004 23,265 ,000
Within Groups ,001 8 ,000
Total ,012 1

Tabela A77 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

APX nos tecidos vegetais da raiz da B. juncea com p<0,05

Muitiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 95% Confidence Interval |
_ {) CdR _ (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 ,0045667 | ,0095313 ,962 -,026956 ,035089
15 -,0238500 | ,0108075 ,201 -,058459 ,010759
35 -,0697667* | ,0095313 ,000 -,100289 -,039244
5 o} -,0045667 | ,0095313 ,862 -,035089 025956
15 -,0284167 | ,0113921 135 -,064898 ,008065
35 -,0743333* | ,0101894 ,000 -,106963 -,041703
15 0 ,0238500 | ,0108075 ,201 -,010759 ,058459
5 ,0284167 | ,0113921 ,135 -,008065 ,084898
35 -,0459167*| ,0113921 ,016 -,082398 -,009435
35 0 ,0697667* | ,0095313 ,000 ,039244 ,100289
5 ,0743333* | ,0101894 ,000 ,041703 ,106963
15 ,0459167* | 0113921 ,016 ,009435 ,082398
Scheffe 0 5 ,0045667 | ,0095313 971 -,028723 ,037856
15 -,0238500 | ,0108075 ,269 -,061597 ,013897
35 -,0697667* | ,0095313 ,001 -,103056 -,036477
5 0 -,0045667 | ,0085313 97 -,037856 ,028723
15 -,0284167 | ,0113921 ,182 -,088205 ,011372
35 -.0743333*| ,0101894 ,001 -,109921 -,038746
15 0 ,0238500 | ,0108075 ,269 -,013897 ,061597
5 ,0284167 | ,0113921 182 -,011372 ,068205
35 -,0459167* | ,0113921 ,025 -,085705 -,006128
35 0 ,0697667* | ,0096313 ,001 ,036477 ,103056
5 ,0743333*| ,0101894 ,001 ,038746 ,109921
15 ,0459167* | ,0113921 ,025 ,006128 ,085705
LSD 0 5 ,0045667 | ,0095313 6456 -,017413 ,026546
15 -,0238500 | ,0108075 ,058 -,048772 ,001072
35 -,0697667* | ,0095313 ,000 -,091746 -,047787
5 0 -,0045667 | ,0095313 645 -,026546 017413
15 -,0284167*| ,0113921 ,037 -,054687 -,002147
35 -,0743333*| ,0101894 ,000 -,097830 -,050837
15 0 ,0238500 | ,0108075 ,058 -,001072 ,048772
5 ,0284187* | ,0113921 ,037 ,002147 ,054687
35 -,0459167* | 0113921 ,004 -,072187 -,019647
35 0 ,0697667* | ,0095313 ,000 047787 ,091746
5 ,0743333*| ,0101894 ,000 ,050837 ,097830
15 ,0469167*| ,0113921 004 ,019647 ,072187

*. The mean difference is significant at the .05 level.
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Tabela A78 — Comparagdo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da raiz da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR

Mean
Difference 99% Confidence Interval

() CAR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 ,0045667 | ,0095313 ,962 -,037245 ,046378
15 -,0238500 | ,0108075 ,201 -,071260 ,023560

35 -,0697667* | ,0095313 ,000 -,111578 -,027955

5 0 -,0045667 | ,0095313 ,062 -,046378 ,037245
15 -,0284167 | ,0113921 135 -,078391 ,021558

35 -,0743333*| ,0101894 ,000 -,119032 -,029635

15 0 ,0238500 | ,0108075 ,201 -,023560 071260
5 ,0284167 | ,0113921 ,135 -,021558 ,078391

35 -,0459167 | ,0113921 ,016 -,095891 ,004058

35 0 ,0697667* | ,0085313 ,000 ,027955 111578
5 ,0743333* | ,0101894 ,000 ,029635 ,119032

15 ,0458167 | ,0113921 ,016 -,004058 ,095891

Scheffe 0 5 ,0045667 | ,0095313 971 -,040918 ,050051
15 -,0238500 | ,0108075 ,259 -,075424 ,027724

35 -,0697667* | ,0095313 ,001 -,115251 -,024282

5 0 -,0045667 | ,0095313 971 -,050051 ,040918
15 -,0284167 | ,0113921 ,182 -,082781 ,025947

35 -,0743333"| ,0101894 ,001 -,122958 -,025709

15 0 ,0238500 | ,0108075 ,259 -,027724 075424
5 ,0284167 | ,0113921 182 -,025947 ,082781

35 -,0459167 | ,0113921 ,025 -,100281 ,008447

35 0 ,0697667* | ,0095313 ,001 ,024282 ,115251
5 ,0743333*| ,0101894 ,001 ,025709 ,122958

15 ,0459167 | ,0113921 ,025 -,008447 ,100281

LSD 0 5 ,0045667 | ,0095313 ,645 -,027414 ,036548
15 -,0238500 | ,0108075 ,058 -,080113 ,012413

35 -,0607667* | ,0095313 ,000 -,101748 -,037786

5 0 -,0045667 | ,0095313 ,645 -,036548 ,027414
15 -,0284167 | ,0113921 ,037 -,066641 ,009808

35 -,0743333*| ,0101894 ,000 -,108523 -,040144

15 0 ,0238500 | ,0108075 ,058 -,012413 ,060113
5 ,0284167 | ,0113921 ,037 -,000808 ,066641

35 -,0459167*| ,0113921 ,004 -,084141 -,007692

35 0 ,0897667* | ,0095313 ,000 ,037786 ,101748
5 ,0743333*| ,0101894 ,000 ,040144 ,108523

15 ,0459167*| 0113921 ,004 ,007692 ,084141

*. The mean difference is significant at the .01 level.
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Tabela A79 - ANOVA da actividade enzimatica da APX nos tecidos vegetais na parte aérea da N. fabacum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 101,467 3 33,822 7,332 ,011
Within Groups 36,905 8 4613
Total 138,372 1

Tabela A80 — Comparagao mdltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da parte aérea da N. tabacum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

() CdPA _ (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 5,12900 1,79699 ,082 -,6256 10,8836
15 ppm -1,90600 1,56854 ,635 -6,9290 3,1170
35 ppm -4,44600 1,79699 139 -10,2006 1,3086
5 ppm 0 ppm -5,12900 1,79699 ,082 -10,8836 8256
15 ppm -7,03500*| 1,96068 ,029 -13,3138 -, 7562
35 ppm -9,57500* | 2,14781 ,009 -16,4530 -2,6970
1Sppm Oppm 1,90600 1,56854 ,635 -3,1170 6,9290
5 ppm 7,03500*| 1,96068 ,029 ,7562 13,3138
35 ppm -2,54000 1,96068 ,590 -8,8188 3,7388
35ppm Oppm 4,44600 1,79699 ,139 -1,3086 10,2008
5 ppm 9,57500* | 2,14781 ,009 2,6970 16,4530
15 ppm 2,54000 1,96068 ,590 -3,7388 8,8188
Scheffe 0 ppm 5 ppm 5,12900 1,79699 115 -1,1472 11,4052
15 ppm -1,90600 1,56854 ,697 -7,3843 3,5723
35 ppm -4,44600 1,79699 187 -10,7222 1,8302
5 ppm 0 ppm -5,12900 1,79699 115 -11,4052 1,1472
15 ppm -7,03500*| 1,96068 044 -13,8829 -,1871
35 ppm -9,57500*| 2,14781 ,015 -17,0765 -2,0735
15ppm  O0ppm 1,90600 1,56854 697 -3,5723 7.3843
5 ppm 7,03500*| 1,96068 044 1871 13,8829
35 ppm -2,54000 1,96068 657 -9,3879 4,3079
35ppm 0ppm 4,44600 1,79699 ,187 -1,8302 10,7222
5 ppm 9,57500* | 2,14781 ,015 2,0735 17,0765
15 ppm 2,54000 1,96068 ,657 -4,3079 9,3879
LSD 0 ppm 5 ppm 5,12900* | 1,79699 ,021 ,9851 9,2729
15 ppm -1,90600 1,56854 ,259 -5,5231 1,711
35 ppm -4,44600* | 1,79699 ,038 -8,5899 -,3021
$ ppm 0 ppm -5,12900* | 1,79699 ,021 -9,2729 -,9851
15 ppm -7,03500*| 1,96068 ,007 -11,5563 -2,5137
35 ppm -9,57500*{ 2,14781 ,002 -14,5279 -4,6221
15ppm 0ppm 1,90600 1,56854 ,259 -1,711 5,6231
5 ppm 7,03500*{ 1,96068 ,007 2,5137 11,5563
36 ppm -2,54000 | 1,96068 231 -7,0613 1,9813
35ppm  O0ppm 4,44600* | 1,79699 ,038 ,3021 8,5899
5 ppm 9,67500" | 2,14781 ,002 4,6221 14,5279
15 ppm 2,54000 1,96068 ,231 -1,9813 7,0613

“. The mean difference is significant at the .05 level.
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Tabela A81 — Comparagdo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da parte aérea da N. tabacum com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzPA

Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 5,12900 1,79699 ,082 -2,7540 13,0120
15 ppm -1,90600 1,56854 ,635 -8,7868 4,9748

35 ppm -4,44600 1,79699 139 -12,3290 3,4370

5 ppm 0 ppm -5,12900 1,79699 ,082 -13,0120 2,7540
15 ppm -7,03500 1,96068 ,029 -15,6360 1,5660

35 ppm -9,57500* | 2,14781 ,009 -18,9970 -,1530

15ppm 0 ppm 1,90600 1,56854 ,635 -4,9748 8,7868
5 ppm 7,03500 1,96068 ,028 -1,5660 15,6360

35 ppm -2,54000 1,96068 ,580 -11,1410 6,0610

35ppm  0ppm 4,44600 1,79699 139 -3,4370 12,3280
5 ppm 9,67500" | 2,14781 ,009 ,1530 18,9970

15 ppm 2,54000 1,96068 ,690 -6,0610 11,1410

Scheffe 0 ppm 5 ppm 5,12900 1,79699 115 -3,4484 13,7044
15 ppm -1,80600 1,56854 ,697 -9,3912 5,56792

35 ppm -4,44600 1,79699 ,187 -13,0214 41294

5 ppm 0 ppm -5,12900 1,79699 115 -13,7044 3,4464
15 ppm -7,03500 1,96068 ,044 -16,3915 2,3215

35 ppm -9,57500 2,14781 ,015 -19,8246 6746

15ppm  0ppm 1,90600 1,56854 ,697 -5,5792 9,3812
5 ppm 7,03500 1,96068 ,044 -2,3215 16,3915

35 ppm -2,54000 | 1,96068 657 -11,8965 6,8165

35ppm 0 ppm 4,44600 1,79689 ,187 -4,1294 13,0214
5 ppm 9,57500 2,14781 ,015 -,6746 19,8246

15 ppm 2,54000 1,96068 657 -6,8165 11,8965

LSD 0 ppm 5 ppm 5,12900 1,79699 ,021 -,9006 11,1586
15 ppm -1,90600 1,56854 ,259 -7,1691 3,3571

35 ppm -4,44600 1,79699 ,038 -10,4756 1,5836

5 ppm 0 ppm -5,12900 1,79699 ,021 -11,1586 ,8008
15 ppm -7,03500* 1,96068 ,007 -13,6138 -,4562

35 ppm -9,67500" | 2,14781 ,002 -16,7817 -2,3683

15ppm 0 ppm 1,80600 1,56854 ,259 -3,3571 7,1691
5 ppm 7,03500" 1,96068 ,007 4562 13,6138

35 ppm -2,54000 1,96068 ,231 -9,1188 4,0388

35ppm  0ppm 4,44600 1,79699 ,038 -1,5836 10,4756
5 ppm 9,67500" | 2,14781 ,002 2,3683 16,7817

15 ppm 2,54000 1,96068 ,231 -4,0388 9,1188

*. The mean difference is significant at the .01 level.
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Tabela A82 - ANOVA da actividade enzimatica da APX nos tecidos vegetais na raiz da N. tabacum

ANOVA
ActEnzR
Sum of
| Squares df Mean Square F Sig.
Between Groups 244,828 3 81,609 152,740 ,000
Within Groups 4,274 8 534
Total 249,102 11

Tabela A83 — Comparag3o muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

APX nos tecidos vegetais da raiz da N. tabacum com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 95% Confidence Interval

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 3,14100" 61157 ,004 1,1826 5,0994
15 ppm -6,74400" ,53382 ,000 -8,4535 -5,0345
35 ppm -8,44900* ,81157 ,000 -11,4074 -7,4908
5 ppm 0 ppm -3,14100" 61157 ,004 -5,0994 -1,1826
15 ppm -8,88500" 66727 ,000 -12,0218 -7,7482
35 ppm -12,59000* 73098 ,000 -14,9308 -10,2492
15ppm Oppm 8,74400" ,53382 ,000 5,0345 8,4535
5 ppm 9,88500* 66727 ,000 7,7482 12,0218
35 ppm -2,70500" 66727 ,015 -4,8418 -,5682
35ppm O0ppm 9,44900" 61157 ,000 7,4906 11,4074
5 ppm 12,59000* 73086 ,000 10,2492 14,9308
15 ppm 2,70500* 66727 ,015 5682 4,8418
Scheffe 0 ppm 5 ppm 3,14100* 61157 ,007 1,0050 5,2770
15 ppm -6,74400" 53382 ,000 -8,6084 -4,8796
35 ppm -9,44900" 61157 ,000 -11,5850 -7,3130
5 ppm 0 ppm -3,14100" 81157 ,007 -5,2770 -1,0050
15 ppm -9,88500" 866727 ,000 -12,2155 -7,5545
35 ppm -12,59000* ,73096 ,000 -15,1430 -10,0370
15ppm Oppm 6,74400" ,53382 ,000 48796 8,6084
5 ppm 9,88500" 66727 ,000 7,5545 12,2155
35 ppm -2,70500" 66727 ,024 -5,0355 -,3745
35ppm Oppm 9,44900* 61157 ,000 7,3130 11,5850
5 ppm 12,59000* ,73096 ,000 10,0370 15,1430
15 ppm 2,70500* 66727 024 3745 5,0355
LSD 0 ppm 5 ppm 3,14100* 61167 ,001 1,7307 4,5513
15 ppm -6,74400" 53382 ,000 -7,9750 -5,5130
35 ppm -8,44900* 61167 ,000 -10,8593 -8,0387
5 ppm 0 ppm -3,14100" ,61157 ,001 -4,5513 -1,7307
15 ppm -9,88500* 66727 ,000 -11,4237 -8,3463
35 ppm -12,59000* , 73096 ,000 -14,2756 -10,9044
15ppm O ppm 6,74400" 53382 ,000 5,5130 7,9750
5 ppm 9,88500" 66727 ,000 8,3463 11,4237
35 ppm -2,70500" 866727 ,004 -4,2437 -1,1663
35ppm Oppm 9,44900* 61157 ,000 8,0387 10,8593
5 ppm 12,59000* ,73086 ,000 10,9044 14,2756
15 ppm 2,70500* ,66727 ,004 1,1663 4,2437

*. The mean difference is significant at the .05 level.
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Tabela A84 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

APX nos tecidos vegetais da raiz da N. tabacum com p<0,01

Muitiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 99% Confidence Interval

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound |} Upper Bound
Tukey HSD 0 ppm 5 ppm 3,14100* 81157 ,004 ,4582 5,8238
15 ppm -6,74400" ,53382 ,000 -9,0857 -4,4023
35 ppm -9,44900" 61167 ,000 -12,1318 -6,7662
5 ppm 0 ppm -3,14100* 61157 ,004 -5,8238 -,4582
15 ppm -9,88500" 66727 ,000 -12,8122 -6,9578
35 ppm -12,59000* ,73096 ,000 -15,7966 -9,3834
15ppm 0 ppm 6,74400" ,53382 ,000 4,4023 9,0857
5 ppm 9,88500* 66727 ,000 6,9578 12,8122
35 ppm -2,70500 66727 015 -5,6322 ,2222
35ppm Oppm 9,44900* 61157 ,000 86,7662 12,1318
5 ppm 12,59000* , 73096 ,000 9,3834 16,7966
15 ppm 2,70500 66727 ,015 -, 2222 5,6322
Scheffe 0 ppm 5 ppm 3,14100* 61167 ,007 ,2225 6,0595
15 ppm -6,74400" 53382 ,000 -9,2914 -4,1966
35 ppm -9,44900* ,61157 ,000 -12,3675 -6,5305
5 ppm 0 ppm -3,14100" 81157 ,007 -6,0595 -,2225
15 ppm -9,88500" 66727 ,000 -13,0893 -6,7007
35 ppm -12,59000" , 73096 ,000 -16,0782 -9,1018
15ppm Oppm 6,74400* ,53382 ,000 4,1966 9,2914
5 ppm 9,88500" ,66727 ,000 6,7007 13,0693
35 ppm -2,70500 ,66727 ,024 -5,8893 4793
35ppm O0ppm 9,44900* 61157 ,000 6,5305 12,3675
5 ppm 12,59000* , 73096 ,000 9,1018 16,0782
15 ppm 2,70500 66727 ,024 -, 4793 5,8893
LSD 0 ppm 5 ppm 3,14100* 61157 ,001 1,0890 5,1930
15 ppm -6,74400* ,53382 ,000 -8,5352 -4,9528
35 ppm -9,44900" 61157 ,000 -11,5010 -7,3970
5 ppm 0 ppm -3,14100* 81157 ,001 -5,1930 -1,0890
15 ppm -9,68500" 66727 ,000 -12,1240 -7,6460
35 ppm -12,59000" 73096 000 -15,0427 -10,1373
15ppm O0ppm 6,74400" ,53362 ,000 4,9528 8,5352
5 ppm 9,68500* 66727 ,000 7,6460 12,1240
35 ppm -2,70500* 66727 ,004 -4,9440 -,4660
35ppm 0 ppm 9,44900" ,81157 ,000 7,3970 11,5010
5 ppm 12,59000* ,73096 ,000 10,1373 15,0427
15 ppm 2,70500* 66727 ,004 ,4660 4,9440

*. The mean difference is significant at the .01 level.
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Tabela A85 - ANOVA da actividade enzimatica da APX nos tecidos vegetais na parte aérea da S. nigrum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 117,637 3 39,212 7,724 ,013
Within Groups 35,536 7 5,077
Total 163,173 10

Tabela A86 — Comparag&o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da parte aérea da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -2,33250 1,95126 ,648 -8,7915 4,1265
15 -4,78917 1,72085 ,1100 -10,4855 ,9071
35 -9,02750*{ 1,95126 ,010 -15,4865 -2,5685
5 0 2,33250 1,95126 ,648 -4,1265 8,7915
15 -2,45667 2,05681 649 -9,2650 4,3517
35 -6,69500 2,25312 078 -14,1532 7632
15 0 4,78917 1,72085 ,100 -,8071 10,4855
5 2,45667 2,05681 ,649 -4,3517 9,2650
35 -4,23833 2,05681 ,253 -11,0467 2,5700
35 0 9,02750*| 1,95126 ,010 2,5685 15,4865
5 6,69500 2,25312 ,078 -, 7632 14,1532
15 4,23833 2,05681 - ,253 -2,5700 11,0467
Scheffe 0 5 -2,33250 1,95126 ,709 -9,3788 4,7138
15 -4,78917 1,72085 138 -11,0034 1,4251
35 -9,02750*| 1,95126 ,016 -16,0738 -1,8812
5 0 2,33250 1,95126 ,709 -4,7138 9,3788
15 -2,45667 2,05681 ,708 -9,8841 4,9708
35 -6,69500 2,25312 ,108 -14,8314 1,4414
15 4] 4,78917 1,72085 136 -1,4251 11,0034
5 2,45667 2,05681 ,709 -4,9708 9,8841
35 -4,23833 2,05681 316 -11,6658 3,1891
35 0 9,02750* 1,95126 ,016 1,9812 16,0738
5 6,69500 2,25312 ,108 -1,4414 14,8314
15 4,23833 2,05681 316 -3,1891 11,6658
LSD 4] 5 -2,33250 1,95126 271 -6,9465 2,2815
15 -4,78917*| 1,72085 ,027 -8,8583 -,7200
35 -9,02750*| 1,95128 ,002 -13,6415 4,4135
5 4] 2,33250 1,95126 271 -2,2815 6,8465
15 -2,45667 2,05681 271 -7,3203 2,4069
35 -6,69500*| 2,25312 ,021 -12,0228 -1,3672
15 4] 4,78917*| 1,72085 ,027 ,7200 8,8583
5 2,45667 2,05681 271 -2,4069 7,3203
35 -4,23833 2,05681 ,078 -9,1019 6253
35 4] 9,02750*| 1,95126 ,002 44135 13,6415
5 6,60500* | 2,25312 ,021 1,3672 12,0228
15 4,23833 2,05681 078 -,6253 9,1019

*. The mean difference is significant at the .05 level.
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Tabela A87 — Comparag&o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da parte aérea da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: ACtEnzPA
Mean
Difference 99% Confidence Interval

____(hCdPA (J)CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -2,33250 1,95126 ,648 -11,3594 6,6944
15 -4,78917 1,72085 ,100 -12,7502 3,1718
35 -9,02750* 1,95126 ,010 -18,0544 -,0006
5 0 2,33250 1,95126 ,648 -6,6944 11,3594
15 -2,45687 2,05681 649 -11,9719 7,0586
35 -6,69500 2,25312 ,078 -17,1184 3,7284
16 0 4,78917 1,72085 ,100 -3,1718 12,7502
5 2,45667 2,05681 649 -7,0586 11,9719
35 -4,23833 2,05681 253 -13,7536 5,2769
35 0 9,02750*| 1,95126 ,010 ,0006 18,0544
5 6,69500 2,25312 ,078 -3,7284 17,1184
15 4,23833 2,05681 ,253 -5,2769 13,7536
Scheffe 0 5 -2,33250 1,95126 ,709 -12,1576 7,4926
15 -4,78917 1,72085 ,136 -13,4541 3,8758
35 -9,02750 1,95126 ,016 -18,8526 7976
5 0 2,33250 1,95126 709 -7,4926 12,1576
15 -2,45667 2,05681 709 -12,8133 7,8999
35 -8,69500 2,25312 108 -18,0401 4,6501
15 0 478917 1,72085 136 -3,8758 13,4541
5 2,45667 2,05681 ,708 -7,8999 12,8133
35 -4,23833 2,05681 316 -14,5949 6,1183
35 0 9,02750 1,95126 ,016 -,7976 18,8526
5 6,69500 2,25312 108 -4,6501 18,0401
15 4,23833 2,05681 316 -6,1183 14,5949
LSD 0 5 -2,33250 1,95126 271 -9,1609 4 4959
15 -4,78917 1,72085 027 -10,8113 1,2329
35 -9,02750* 1,95126 ,002 -15,8559 -2,1991
5 0 2,33250 1,95126 271 -4,4959 9,1609
15 -2,45667 2,05681 271 -9,6544 4,7411
35 -6,69500 2,25312 ,021 -14,5798 1,1898
15 0 478917 1,72085 027 -1,2329 10,8113
5 2,45667 2,05681 271 47411 9,6544
35 -4,23833 2,05681 ,078 -11,4361 2,9594
35 0 9,02750*] 1,95126 ,002 2,1991 15,8559
6,69500 2,25312 ,021 -1,1898 14,5798
15 4,23833 2,05681 078 -2,9594 11,4361

*. The mean difference is significant at the .01 level.
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Tabela A88 - ANOVA da actividade enziméatica da APX nos tecidos vegetais na raiz da S. nigrum

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 13,215 3 4,405 25,121 ,000
Within Groups 1,578 9 175
Total 14,793 12

Tabela A89 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

APX nos tecidos vegetais da raiz da S. nigrum com p<0,05

Muttiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 95% Confidence Interval

_ () CdR _(J) CdR (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 53667 ,34190 440 -,5307 1,6040
15 -2,03333* 31982 ,001 -3,0318 -1,0349
35 -,48000 ,34190 527 -1,5474 5874
5 0 -,53667 ,34190 440 -1,6040 5307
15 -2,57000* ,31982 ,000 -3,5684 -1,5716
35 -1,01667 ,34190 ,062 -2,0840 ,0507
15 0 2,03333* ,31982 ,001 1,0349 3,0318
5 2,57000* ,31982 ,000 1,5716 3,5684
35 1,56333* ,31982 ,004 ,6549 2,5518
35 0 ,48000 ,34190 527 -5874 1,5474
5 1,01667 34180 ,062 -,0607 2,0840
15 -1,66333* ,31982 ,004 -2,5518 -,5549
Scheffe 0 5 63667 ,34190 514 -6272 1,7005
15 -2,03333* ,31982 ,001 -3,1220 -,9446
35 -,48000 ,34190 599 -1,6439 ,6839
5 0 -, 53667 ,34190 514 -1,7005 6272
15 -2,57000* ,31982 ,000 -3,6587 -1,4813
35 -1,01667 34190 091 -2,1805 ,1472
15 0 2,03333* ,31982 ,001 ,9446 3,1220
5 2,57000* ,31982 ,000 1,4813 3,6587
35 1,55333* ,31982 ,007 4646 2,6420
35 0 ,48000 ,34190 ,599 -,6839 1,6439
5 1,01667 ,34190 ,091 -,1472 2,1805
15 -1,55333* ,31982 ,007 -2,6420 -,4646
LSD 0 5 ,53667 ,34190 ,151 -,2368 1,3101
15 -2,03333* ,31982 ,000 -2,7568 -1,3098
35 -,48000 ,34190 ,194 -1,2534 ,2934
5 0 -,53667 ,34190 ,151 -1,3101 ,2368
15 -2,57000* ,31982 ,000 -3,2935 -1,8485
35 -1,01667* ,34190 ,016 -1,7901 -,2432
15 0 2,03333* ,31982 ,000 1,3098 2,7568
5 2,57000* ,319882 ,000 1,8465 3,2935
35 1,55333* ,31982 ,001 ,8298 2,2768
35 0 48000 ,34190 194 -,2934 1,2534
5 1,01667* 34190 ,016 2432 1,7801
15 -1,65333" ,31982 ,001 -2,2768 -,8298

*. The mean difference is significant at the .05 level.
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Tabela A90 — Comparagdo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
APX nos tecidos vegetais da raiz da S. nigrum com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 99% Confidence Interval

() CdR  (J) CdR (1-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 ,53667 ,34190 440 -,9034 1,9768
15 -2,03333* ,31982 ,001 -3,3804 -,6862
35 -,48000 ,34190 ,527 -1,9201 ,9601
5 0 -,53667 ,34190 440 -1,9768 ,9034
15 -2,57000* ,31982 ,000 -3,9171 -1,2229
35 -1,01667 ,34180 ,062 -2,4568 4234
15 0 2,03333* ,31982 ,001 ,6862 3,3804
5 2,57000* ,31982 ,000 1,2229 3,9171
35 1,55333* ,31982 ,004 ,2082 2,9004
35 0 48000 ,34180 527 -,9601 1,9201
5 1,01667 ,34190 ,062 -4234 2,4568
15 -1,55333* ,31982 ,004 -2,9004 -,2062
Scheffe 0 5 ,53667 ,34190 514 -1,0292 2,1026
15 -2,03333* ,31982 ,001 -3,4981 -,5686
35 -,48000 ,34190 ,599 -2,0459 1,0859
5 0 -53667 ,34190 514 -2,1026 1,0292
15 -2,57000* ,31982 ,000 -4,0348 -1,1052
35 -1,01667 ,34190 ,091 -2,5826 ,5482
15 0 2,03333* ,31982 ,001 5686 3,4981
5 2,57000* ,31982 ,000 1,1052 4,0348
35 1,55333* ,31982 007 ,0886 3,0181
35 0 ,48000 ,34190 ,599 -1,0859 2,0459
5 1,01667 ,34190 ,091 -,5492 2,5826
15 -1,55333* ,31982 ,007 -3,0181 -,0886
LSD o] 5 ,53667 ,34180 151 -, 5745 1,8478
15 -2,03333* ,31982 ,000 -3,0727 -,9940
35 -,48000 ,34180 ,194 -1,5911 6311
5 0 -,53667 ,34180 ,151 -1,6478 ,5745
15 -2,57000* ,31882 ,000 -3,6094 -1,5306
35 -1,01867 34190 ,016 -2,1278 ,0945
15 0 2,03333* ,31982 ,000 ,8940 3,0727
5 2,57000* ,31982 ,000 1,5306 3,6094
35 1,55333* ,31982 001 ,5140 2,5927
35 4] ,48000 ,34190 ,194 -,8311 1,5911
5 1,016867 ,34190 ,016 -,0945 2,1278
15 -1,55333* ,31982 ,001 -2,5927 -5140

*. The mean difference is significant at the .01 level.
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ANEXO XIV

Stress Oxidativo: Guaiacol — Peroxidase
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Tabela A91 - ANOVA da actividade enzimatica da GPX nos tecidos vegetais na parte aérea da B. juncea

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 82,377 3 27,459 76,227 ,000
Within Groups 2,882 8 ,360
Total 85,259 11

Tabela A92 — Comparagio muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da parte aérea da B. juncea com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

{) CdPA  {J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -4,87750* ,51978 000 -6,5420 -3,2130
15 -5,79417 ,45840 ,000 -7,2621 -4,3262
35 -5,67417* 45840 ,000 -7,1421 -4,2062
5 0 4,87750* 51978 ,000 3,2130 68,5420
15 -,91667 54789 ,395 -2,6712 ,8379
35 -, 79667 ,54789 504 -2,5512 8579
15 0 5,79417* ,45840 ,000 4,3262 7,2621
5 91867 54789 ,395 -,8379 2,6712
35 ,12000 ,49005 ,094 -1,4493 1,6893
35 0 5,67417* ,45840 ,000 4,2062 7,1421
5 ,79667 ,54789 504 -,9579 2,5512
15 -,12000 ,49005 ,994 -1,6893 1,4493
Scheffe 0 5 -4 87750* ,51978 ,000 -6,6929 -3,0621
15 -5,79417* ,45840 ,000 -7,3952 -4,1931
35 -5,67417* 45840 ,000 -7,2752 -4,0731
5 0 4,87750* ,51978 ,000 3,0621 68,6929
15 -,91667 ,54789 ,468 -2,8303 9969
35 -,79667 ,54789 575 -2,7103 1,1169
15 0 579417 45840 ,000 4,1931 7,3952
5 ,91887 54789 ,468 -,9969 2,8303
35 ,12000 48005 ,996 -1,5916 1,8316
35 0 5,67417* ,45840 ,000 4,0731 7.2752
5 79667 54789 ,575 -1,1169 2,7103
15 -,12000 ,49005 ,996 -1,8316 1,5916
LSD o] 5 -4,87750* ,51978 ,000 -8,0761 -3,6789
15 -5,79417 45840 ,000 -6,8512 -4,7371
35 -5,67417* ,45840 ,000 -6,7312 -4,6171
5 0 4,87750* ,51978 ,000 3,6789 6,0761
15 -,81667 ,54789 133 -2,1801 ,3468
35 -,79667 ,54789 ,184 -2,0801 4668
15 0 5,79417* 45840 ,000 47371 68,8512
5 ,91667 54789 133 -,3468 2,1801
35 ,12000 49005 813 -1,0101 1,2501
35 0 567417* ,45840 ,000 4,6171 68,7312
5 ,79667 54769 ,184 -,4668 2,0601
15 -,12000 ,49005 813 -1,2501 1,0101

*. The mean difference is significant at the .05 level.
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Tabela A93 — Comparago muitipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da parte aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 99% Confidence Interval

() CdPA  {J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -4,87750* ,51978 ,000 -7,1577 -2,5973
15 -5,79417* 456840 ,000 -7,8051 -3,7833
35 -6,67417* 45840 ,000 -7,6851 -3,6633
5 0 487750 51978 ,000 2,5973 7,1577
15 -,91667 ,54789 ,395 -3,3202 1,4868
35 -,79667 ,54789 504 -3,2002 1,6068
15 0 579417 45840 ,000 3,7833 7.8051
5 91667 54789 ,395 -1,4868 3,3202
35 ,12000 ,49005 ,994 -2,0297 2,2697
35 0 567417 ,45840 ,000 3,6633 7,6851
5 79667 54789 ,504 -1,6068 3,2002
15 -12000 ,49005 ,994 -2,2697 2,0297
Scheffe 0 5 -4,87750" ,51978 ,000 -7,3579 -2,3971
15 -5,79417* ,45840 ,000 -7,9817 -3,6066
35 -567417 ,45840 ,000 -7,8617 -3,4866
5 0 487750 ,51978 ,000 2,3971 7,3579
15 -,91667 ,54789 468 -3,6313 1,6979
35 -,79667 ,54789 575 -3,4113 1,8179
15 0 579417 ,45840 ,000 3,6066 7,9817
5 ,91667 ,54789 ,468 -1,6979 3,6313
35 ,12000 ,49005 ,996 -2,2186 2,4586
35 0 567417 45840 ,000 3,4866 7,8617
5 ,79667 54789 575 -1,8179 3,4113
156 -,12000 49005 ,996 -2,4586 2,2186
LSD 0 5 -4,87750* 51978 ,000 -6,6216 -3,1334
156 -5,79417* 45840 ,000 -7,3323 -4,2561
35 -5,67417* 45840 ,000 -7,2123 -4,1361
5 0 487750 51978 ,000 3,1334 6,6216
15 -,91667 54789 133 -2,7551 9217
35 -,79667 54789 184 -2,6351 1,0417
15 0 5,79417* ,45840 ,000 4,2561 7,3323
5 ,91667 54789 ,133 -,9217 2,7551
35 ,12000 ,49005 ,813 -1,5243 1,7643
35 0 567417 45840 ,000 4,1361 7,2123
5 , 79667 ,54789 ,164 -1,0417 2,6351
16 -,12000 ,49005 813 -1,7643 1,5243

*. The mean difference is significant at the .01 level.
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Tabela A94 - ANOVA da actividade enzimatica da GPX nos tecidos vegetais na raiz da B. juncea

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 213,196 3 71,065 12,687 ,001
Within Groups 61,614 11 5,601
Total 274,811 14

Tabela A95 — Comparagio multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da raiz da B. juncea com p<0,05

Multiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 95% Confidence Interval

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
TukeyHSD © 5 -4,98833 1,67352 ,052 -10,0248 ,0482
15 -5,64167* 1,67352 027 -10,6782 -,6051

35 -9,95500* 1,67352 ,000 -14,9915 -4,9185

5 0 4,98833 1,67352 ,052 -,0482 10,0249
15 -,65333 1,93241 ,986 -6,4690 5,1623

35 -4,96667 1,93241 103 -10,7823 ,8480

15 0 5,64167" 1,67352 ,027 ,6051 10,6782
5 ,85333 1,83241 986 -5,1623 6,4690

35 -4,31333 1,83241 A74 -10,1290 1,5023

35 0 9,95500" 1,67352 ,000 4,9185 14,9915
5 4,96667 1,93241 ,103 -,8490 10,7823

15 4,31333 1,93241 174 -1,5023 10,1290

Scheffe 0 5 -4,08833 1,67352 ,079 -10,4785 ,5018
15 -5,64167* 1,67352 ,043 -11,1318 -,1515

35 -9,95500* 1,67352 ,001 -15,4451 -4,4649

5 0 4,98833 1,67352 ,079 -,5018 10,4785
15 -,65333 1,93241 ,990 -6,9928 5,6861

35 -4,96667 1,93241 ,145 -11,3061 1,.3728

16 4] 5,641687* 1,67352 ,043 ,1515 11,1318
5 ,65333 1,93241 ,890 -5,6861 6,9928

35 -4,31333 1,83241 ,232 -10,6528 2,0261

35 0 9,95500* 1,67352 ,001 4,4649 15,4451
5 4,96667 1,93241 ,145 -1,3728 11,3061

15 4,31333 1,93241 ,232 -2,0261 10,6528

LSD 0 5 -4,98833" 1,67352 013 -8,6717 -1,3049
15 -5,64167" 1,87352 ,008 -9,3251 -1,9583

35 -9,95500" 1,67352 ,000 -13,6384 -6,2716

5 0 4,98833" 1,67352 ,013 1,3049 86717
15 -,65333 1,93241 742 -4,9085 3,5998

35 -4,96667* 1,93241 ,026 -9,2199 -7135

15 0 5,84167* 1,67352 ,006 1,9583 9,3251
5 65333 1,83241 742 -3,5999 4,9065

35 -4,31333" 1,93241 047 -8,5665 -,0601

35 0 9,95500" 1,87352 ,000 68,2716 13,6384
5 4,98687 1,93241 ,028 , 7135 9,2199

15 431333 1,93241 ,047 ,0601 8,5665

*. The mean difference is significant at the .05 level.
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Tabela A96 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da raiz da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR

Mean

Difference 99% Confidence Interval
() CdR _ (J) CdR (-4 Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -4,98833 1,67352 ,052 -11,6397 1,6630
15 -5,64167 1,67352 ,027 -12,2930 1,0097
35 -9,95500*| 1,67352 ,000 -16,6064 -3,3036
5 0 4,98833 1,67352 ,052 -1,6630 11,6397
15 -,65333 1,93241 ,986 -8,3337 7,0270
35 -4,96667 1,93241 ,103 -12,6470 2,7137
15 0 5,64167 1,67352 027 -1,0007 12,2930
5 ,65333 1,93241 ,986 -7,0270 8,3337
35 -4,31333 | 1,93241 174 -11,9937 3,3670
35 0 9,95500* ] 1,67352 ,000 3,3036 16,6064
5 4,96667 1,93241 103 -2,7137 12,6470
15 4,31333 1,93241 174 -3,3670 11,9937
Scheffe 0 5 -4,98833 1,67352 ,079 -12,2156 2,2389
15 -5,64167 1,67352 ,043 -12,8689 1,5856
35 -9,95500%{ 1,67352 ,001 -17,1822 -2,7278
5 0 4,98833 1,67352 ,079 -2,2389 12,2156
15 -,65333 1,93241 ,990 -8,9986 76919
35 -4,96667 1,93241 ,145 -13,3119 3,3786
15 0 5,64167 1,67352 ,043 -1,5856 12,8689
5 ,66333 1,93241 ,990 -7,6919 8,9986
35 -4,31333 1,93241 ,232 -12,6586 4,0319
35 0 9,95500* | 1,87352 ,001 2,7278 17,1822
5 4,96667 1,93241 ,145 -3,3786 13,3119
15 4,31333 1,93241 ,232 -4,0319 12,6586
LSD 0 5 -4,98833 1,67352 ,013 -10,1860 ,2093
15 -5,64167*} 1,67352 ,006 -10,8393 -,4440
35 -9,95500* | 1,67352 ,000 -15,1526 -4,7574
5 0 4,98833 1,67352 ,013 -,20983 10,1860
15 -,65333 1,93241 742 -8,6550 5,3484
35 -4,96667 1,93241 ,026 -10,9684 1,0350
15 0 564167*| 1,67352 ,008 4440 10,8393
5 ,65333 1,93241 742 -5,3484 6,8550
35 -4,31333 1,93241 ,047 -10,3150 1,6884
35 0 9,95500* | 1,67352 ,000 4,7574 15,1526
4,96667 1,93241 ,026 -1,0350 10,9684
15 4,31333 1,93241 047 -1,6884 10,3150

*. The mean difference is significant at the .01 level.
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Tabela A97 - ANOVA da actividade enzimatica da GPX nos tecidos vegetais na parte aérea da N. tabacum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 10,020 3 3,340 1,945 176
Within Groups 20,608 12 1,717
Totat 30,629 15

Tabela A98 — Comparagao muitipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da parte aérea da N. tabacum com p<0,05

Muitiple Comparisons
Dependent Variable: ACtEnzPA

Mean
Difference 95% Confidence Interval

(1) CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 1,30467 95704 544 -1,56367 4,1460
15 ppm -,98600 ,82882 644 -3,4467 1,4747

35 ppm 16467 ,95704 098 -2,6867 2,9960

5 ppm 0 ppm -1,30467 95704 544 -4,1460 1,6367
15 ppm -2,29067 95704 ,131 -5,1320 ,5507

35 ppm -1,15000 1,07000 J11 -4,3267 2,0267

15 ppm 0 ppm ,98600 82882 644 -1,4747 3,4467
5 ppm 2,29067 85704 ,131 -,5507 5,1320

35 ppm 1,14067 ,95704 643 -1,7007 3,9820

35 ppm 0 ppm -, 16467 ,95704 ,998 -2,9960 2,6867
5 ppm 1,15000 1,07000 711 -2,0267 4,3267

15 ppm -1,14067 ,95704 643 -3,9820 1,7007

Scheffe 0 ppm 5 ppm 1,30467 95704 616 -1,7922 4,4015
15 ppm -,98600 82882 ,708 -3,6680 1,6960

35 ppm ,15467 ,95704 ,999 -2,9422 3,2515

5 ppm 0 ppm -1,30467 95704 616 -4,4015 1,7922
15 ppm -2,29067 95704 ,182 -5,3875 ,8062

35 ppm -1,15000 1,07000 ,766 -4,6124 2,3124

15 ppm 0 ppm ,98600 ,82882 ,708 -1,6960 3,6680
5 ppm 2,29067 95704 ,182 -,8062 5,3875

35 ppm 1,14067 ,95704 , 706 -1,9562 4,2375

35ppm 0 ppm -,15467 95704 ,999 -3,2515 2,0422
5 ppm 1,15000 1,07000 766 -2,3124 46124

15 ppm -1,14067 95704 ,706 -4,2375 1,9562

LSD 0 ppm 5 ppm 1,30467 95704 ,1198 -,7805 3,3899
15 ppm -,98600 ,82882 257 -2,7918 8198

35 ppm ,15467 95704 874 -1,9305 2,2399

5 ppm 0 ppm -1,30467 95704 198 -3,3899 ,7805
15 ppm -2,29067* ,95704 ,034 -4,3759 -,2055

35 ppm -1,15000 1,07000 304 -3,4813 1,1813

15 ppm 0 ppm ,98600 ,82882 257 -8198 2,7918
5 ppm 2,29067* 95704 034 2055 4,3759

35 ppm 1,14067 ,95704 256 -,9445 3,2259

35 ppm 0 ppm -,15467 95704 874 -2,2399 1,9305
5 ppm 1,15000 1,07000 304 -1,1813 3,4813

15 ppm -1,14067 95704 ,256 -3,2259 9445

*. The mean difference is significant at the .05 level.

- 167 -



Tabela A99 — Comparagéo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da parte aérea da N. tabacum com p<0,01

Multiple Comparisons

Dependent Variable: ActEnzPA

Mean
Difference 99% Confidence Interval

() CdPA__ (J) CdPA (-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD O ppm 5 ppm 1,30467 95704 544 -2,4184 5,0278
15 ppm -,98600 ,82882 644 -4,2103 2,2383

35 ppm ,15467 ,95704 ,998 -3,5684 3,8778

5 ppm 0 ppm -1,30467 ,95704 ,544 -5,0278 2,4184
15 ppm -2,29067 ,85704 131 -6,0138 1,4324

35 ppm -1,15000 1,07000 71 -5,3126 3,0126

1Sppm  Oppm ,98600 ,82882 ,644 -2,2383 4,2103
5 ppm 2,29067 ,85704 131 -1,4324 6,0138

35 ppm 1,14067 ,95704 ,643 -2,5824 4,8638

35ppm O ppm -,15467 ,95704 ,998 -3,8778 3,5684
5 ppm 1,15000 1,07000 1 -3,0126 5,3126

15 ppm -1,14067 ,95704 ,643 -4,8638 2,5824

Scheffe 0 ppm 5 ppm 1,30467 ,95704 616 -2,7396 5,3490
15 ppm -,98600 ,82882 ,708 -4,4885 2,5165

35 ppm ,15467 ,95704 ,999 -3,8896 4,1990

5 ppm 0 ppm -1,30467 95704 ,616 -5,3490 2,7396
15 ppm -2,29067 ,95704 ,182 -6,3350 1,7536

35 ppm -1,15000 1,07000 ,766 -5,6717 337117

15ppm O ppm ,98600 ,82882 ,708 -2,5165 4,4885
5 ppm 2,29087 ,85704 ,182 -1,7536 6,3350

35 ppm 1,14087 ,85704 ,706 -2,9036 5,1850

35ppm  Oppm -,15467 ,85704 ,999 -4,1990 3,8896
5 ppm 1,15000 1,07000 ,766 -3,3717 5,6717

15 ppm -1,14067 95704 ,706 -5,1850 2,9036

LSD 0 ppm 5 ppm 1,30467 ,95704 ,198 -1,6187 4,2280
15 ppm -,98600 ,82882 ,257 -3,5177 1,5457

35 ppm ,16467 ,95704 ,874 -2,7687 3,0780

5 ppm 0 ppm -1,30467 ,95704 ,198 -4,2280 1,6187
15 ppm -2,29067 ,95704 ,034 -5,2140 8327

35 ppm -1,15000 1,07000 ,304 -4,4184 2,1184

15ppm 0 ppm ,88600 ,82882 257 -1,5457 3,5177
5 ppm 2,29067 ,95704 ,034 -6327 5,2140

35 ppm 1,140867 ,95704 ,256 -1,7827 4,0640

35ppm  Oppm -, 15467 ,95704 874 -3,0780 2,7687
5 ppm 1,15000 1,07000 ,304 -2,1184 4,4184

15 ppm -1,14067 ,95704 ,256 -4,0640 1,7827
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Tabela A100 - ANOVA da actividade enzimatica da GPX nos tecidos vegetais na raiz da N. tabacum

ANOVA
ActEnzR
Sum of
| Squares df Mean Square F Sig.
Between Groups 42,379 3 14,126 4,212 ,053
Within Groups 23,474 7 3,353
Total 65,854 10

Tabela A101 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da raiz da N. tabacum com p<0,05

Muttiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 95% Confidence Interval |

_____(hCdR__ (HCdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 443167 1,67170 118 -1,1019 9,9653
15 ppm ,30667 1,49521 ,997 -4,6427 5,2561
35 ppm -1,38000 1,49521 794 -6,3294 3,5694
5 ppm 0 ppm -4,43167 1,67170 118 -9,9653 1,1019
15 ppm -4,12500 1,67170 ,151 -9,6586 1,4086
35 ppm -5,81167* 1,67170 ,040 -11,3453 -2781
15ppm 0 ppm -,30667 1,49521 997 -5,2561 4,6427
5 ppm 4,12500 167170 151 -1,4086 9,6586
35 ppm -1,68667 1,49521 685 -6,6361 3,2627
35ppm 0ppm 1,38000 1,49521 794 -3,5694 6,3294
5 ppm 5,81167* 1,67170 ,040 ,2781 11,3453
15 ppm 1,68667 1,49521 685 -3,2627 6,6361
Scheffe 0 ppm 5 ppm 443167 1,67170 159 -1,6051 10,4684
15 ppm ,30667 1,49521 998 -5,0928 5,7061
35 ppm -1,38000 1,49521 ,836 -6,7794 4,0194
5 ppm 0 ppm -4.43167 1,67170 159 -10,4684 1,6051
15 ppm -4,12500 1,67170 ,108 -10,1618 1,9118
35 ppm -5,811687 1,67170 ,058 -11,8484 ,2251
15ppm O ppm -,30667 1,49521 ,998 -5,7061 5,0928
5 ppm 4,12500 1,67170 108 -1,9118 10,1618
35 ppm -1,88667 1,49521 742 -7,0861 3,7128
35ppm 0 ppm 1,38000 1,49521 ,836 4,0194 86,7794
5 ppm 5,81167 1,67170 ,059 -,2251 11,8484
15 ppm 1,68667 | 1,49521 742 -3,7128 7,0861
LSD 0 ppm 5 ppm 443167 1,67170 ,033 4787 8,3846
15 ppm ,30667 1,49521 ,843 -3,2289 3,8423
35 ppm -1,38000 1,49521 387 -4,9158 2,1556
5 ppm 0 ppm -4,43167*| 1,67170 ,033 -8,3846 -, 4787
15 ppm -4,12500" 1,67170 ,043 -8,0779 -1721
35 ppm -5,81167* 1,67170 ,010 -9,7646 -1,8587
15ppm 0 ppm -,30667 1,49521 ,843 -3,8423 3,2289
5§ ppm 4,12500" 1,67170 ,043 1721 8,0779
35 ppm -1,68667 1,49521 ,296 -5,2223 1,8489
35ppm Oppm 1,38000 1,49521 387 -2,1556 4,9156
5 ppm 5,81167" 1,67170 ,010 1,8587 9,7646
15 ppm 1,68667 1,49521 ,296 -1,8489 5,2223

*. The mean difference is significant at the .05 level.
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Tabela A102 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
GPX nos tecidos vegetais da raiz da N. tabacum com p<0,01

Multiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 99% Confidence Interval

() CdR _ (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 ppm 5 ppm 4,43167 1,67170 ,118 -3,3019 12,1653
15 ppm ,30667 1,49521 997 -6,6105 7,2238

35 ppm -1,38000 1,49521 794 -8,2972 5,6372

5 ppm 0 ppm -4,43167 1,67170 118 -12,1653 3,3019
16 ppm -4,12500 1,67170 151 -11,8586 3,6086

35 ppm -5,81167 1,67170 ,040 -13,5453 1,8219

15ppm  Oppm -,30667 1,49521 ,997 -7,2238 6,6105
5 ppm 4,12500 1,67170 ,161 -3,6086 11,8586

35 ppm -1,68667 1,49521 ,685 -8,6038 5,2305

35ppm Oppm 1,38000 1,49521 794 -5,5372 8,2972
5 ppm 581167 1,67170 ,040 -1,9219 13,6453

15 ppm 1,68667 1,49521 ,685 -5,2305 8,6038

Scheffe 0 ppm 5 ppm 4,43167 1,67170 ,159 -3,9858 12,8491
16 ppm ,30667 1,49521 ,998 -7,2221 7,8354

35 ppm -1,38000 1,49521 ,836 -8,9088 6,1488

5 ppm 0 ppm -4,43167 1,67170 ,159 -12,8491 3,9858
15 ppm -4,12500 1,67170 198 -12,5424 4,2924

35 ppm -5,81167 1,67170 059 -14,2291 2,6058

15 ppm 0 ppm -,30667 1,49521 ,998 -7,8354 7,2221
5 ppm 4,12500 1,67170 ,198 -4,2924 12,5424

35 ppm -1,68667 1,49521 742 -9,2154 5,8421

35ppm Oppm 1,38000 1,49521 ,836 -6,1488 8,9088
5 ppm 5,81167 1,67170 ,059 -2,6058 14,2291

16 ppm 1,68667 1,49521 742 -5,8421 9,2154

LSD 0 ppm 5 ppm 4,43167 1,67170 ,033 -1,4184 10,2817
15 ppm ,30667 1,49521 ,843 -4,9258 5,5391

35 ppm -1,38000 1,49521 ,387 -6,6125 3,8525

5 ppm 0 ppm -4,43167 1,67170 ,033 -10,2817 1,4184
15 ppm -4,12500 1,67170 ,043 -9,9751 1,7251

35 ppm -5,81167 1,67170 ,010 -11,6617 ,0384

15ppm Oppm -,30667 1,49521 ,843 -5,56391 4,9258
5 ppm 4,12500 1,87170 ,043 -1,7251 9,9751

35 ppm -1,68667 1,49521 ,296 -6,9191 3,5458

35ppm Oppm 1,38000 1,49521 ,387 -3,8525 6,6125
5 ppm 581167 1,67170 ,010 -,0384 11,6617

16 ppm 1,68667 1,49521 ,296 -3,5458 6,9191
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Tabela A103 - ANOVA da actividade enzimatica da GPX nos tecidos vegetais na parte aérea da S. nigrum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 32,375 3 10,792 23,209 ,000
Within Groups 4,650 10 ,465
Total 37,025 13

Tabela A104 — Comparag&o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

GPX nos tecidos vegetais da parte aérea da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

‘ () CdPA __ (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -1,22267 ,49798 129 -2,7462 ,3008
15 -1,53267* 49798 ,049 -3,0562 -,0082
35 -4,13933* ,49798 ,000 -5,6628 -2,6158
5 0 1,22267 ,49798 129 -,3008 2,7462
15 -,31000 ,55676 ,943 -2,0133 1,3833
35 -2,91667* ,65676 ,002 -4,6200 -1,2133
15 0 1,63267* 49798 049 ,0092 3,0562
5 ,31000 ,55676 ,943 -1,3933 2,0133
35 -2,60667* 55676 ,004 -4,3100 -.9033
35 0 4,13933* ,49798 ,000 26158 5,6628
5 2,91667* ,55676 ,002 1,2133 4,6200
15 2,60667* ,55676 ,004 9033 4,3100
Scheffe 0 5 -1,22267 ,49798 77 -2,8836 4383
15 -1,53267 ,49798 ,073 -3,1936 1283
35 -4,13933* 49798 ,000 -5,8003 -2,4784
5 0 1,22267 ,49798 77 -,4383 2,8838
15 -,31000 55676 ,956 -2,1670 1,5470
35 -2,91667* 55676 ,003 -4,7737 -1,0597
15 0 1,563267 49798 ,073 -,1283 3,1936
5 ,31000 56676 ,856 -1,5470 2,1670
35 -2,60667" 55676 ,007 -4,4637 -, 7497
35 0 4,13933" 49798 ,000 2,4784 5,8003
5 2,91667* 55676 ,003 1,0597 4,7737
15 2,60867* ,65676 ,007 ,7497 4,4637
LSD 0 5 -1,22267* ,49798 ,034 -2,3322 -1131
15 -1,63267* 49798 012 -2,6422 -4231
35 -4,13933* ,49798 ,000 -5,2489 -3,0298
5 0 1,22267 ,49798 034 1131 2,3322
15 -,31000 55676 ,5980 -1,5505 ,8305
35 -2,91667" ,65676 ,000 -4,1572 -1,6761
15 0 1,63267* 49798 ,012 4231 2,8422
5 ,31000 ,55676 ,590 -,9305 1,5505
35 -2,60667* 55676 ,001 -3,8472 -1,3661
35 0 4,13933" ,49798 ,000 3,0208 65,2489
5 2,916887" 55676 ,000 1,6761 4,1572
15 2,60867* 55676 ,001 1,3661 3,8472

*. The mean difference is significant at the .05 level.
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Tabela A105 — Comparagao muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

GPX nos tecidos vegetais da parte aérea da S. nigrum com p<0,01

Muitiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 99% Confidence Interval

() CdPA__ (J) CdPA (-J) Std. Emmor Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -1,22267 49798 129 -3,2539 ,8086
15 -1,53267 49798 ,049 -3,5639 ,4986
35 -4,13933* ,49798 ,000 -6,1706 -2,1081
5 0 1,22267 ,49798 129 -,8086 3,2539
15 -,31000 55676 ,943 -2,5810 1,9610
35 -2,91667* 55676 ,002 -5,1877 -,6456
15 0 1,532687 ,49798 ,049 -,4986 3,5639
5 ,31000 55676 043 -1,9610 2,5810
35 -2,60667* 55676 ,004 -4,8777 -,3356
35 0 4,13933* 49798 ,000 2,1081 86,1708
5 2,91667* 55676 ,002 6456 5,1877
15 2,60667* ,55676 ,004 ,3356 48777
Scheffe 0 5 -1,22267 ,49798 A77 -3,4305 ,9852
15 -1,63267 49798 ,073 -3,7405 8752
35 -4,13933* ,49798 ,000 -6,3472 -1,9315
5 0 1,22267 ,49798 A77 -,9852 3,4305
15 -,31000 ,55676 ,956 -2,7785 2,1585
35 -2,91667* 55676 ,003 -5,3851 -,4482
15 0 1,53267 ,49798 ,073 -,6752 3,7405
5 31000 ,55676 ,956 -2,1585 2,7785
35 -2,60667* 55676 ,007 -5,0751 -,1382
35 0 4,13933* 49798 ,000 1,315 86,3472
5 2,91667* ,55676 ,003 4482 5,3851
15 2,60667* ,56676 ,007 ,1382 5,0751
LSD 0 5 -1,22267 49798 ,034 -2,8009 ,3556
15 -1,63267 ,49798 ,012 -3,1109 ,0456
35 -4,13933* 49798 ,000 -5,7176 -2,5611
5 0 1,22287 49798 034 -,3556 2,8009
15 -,31000 55676 ,590 -2,0745 1,4545
35 -2,91667* ,55676 ,000 -4,6812 -1,1521
15 0 1,53267 ,49798 012 -,0456 3,109
5 ,31000 55676 ,590 -1,4545 2,0745
35 -2,60667* 55676 ,001 -4,3712 -,8421
35 0 4,13933* 49798 ,000 2,5611 5,7176
5 2,91667* 56676 ,000 1,1521 46812
15 2,60667* 55676 ,001 ,8421 4,3712

*. The mean difference is significant at the .01 level.
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Tabela A106 - ANOVA da actividade enzimatica da GPX nos tecidos vegetais na raiz da S. nigrum

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 7.184 3 2,395 7,066 ,010
Within Groups 3,050 8 339
Total 10,234 12

Tabela A107 - Comparag&o muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

GPX nos tecidos vegetais da raiz da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 85% Confidence Interval

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 31250 ,44462 ,893 -1,0755 1,7005
15 -,87083 ,44462 271 -2,2588 5172
35 -1,62417 ,44462 ,023 -3,0122 -,2362
5 0 -,31250 ,44462 ,883 -1,7005 1,0755
15 -1,18333 47532 129 -2,6672 3005
35 -1,93667" ,47532 ,012 -3,4205 -,4528
15 0 ,87083 44462 271 -5172 2,2588
5 1,18333 47532 ,129 -,3005 2,6672
35 -, 75333 47532 ,432 -2,2372 7305
35 0 1,62417* ,44462 ,023 ,2362 3,0122
5 1,83667* 47532 ,012 4528 3,4205
15 , 75333 47532 ,432 -,7305 22,2372
Scheffe 0 5 ,31250 ,44462 917 -1,2010 1,8260
15 -,87083 ,44462 ,339 -2,3843 ,6427
35 -1,62417* ,44462 ,035 -3,1377 -1107
5 0 -31250 ,44462 917 -1,8260 1,2010
15 -1,18333 47532 A75 -2,8013 4347
35 -1,83667* 47532 ,020 -3,5547 -,3187
15 0 ,87083 ,44462 ,339 -,6427 2,3843
5 1,18333 47532 175 -,4347 2,8013
35 -,75333 47532 ,507 -2,3713 8647
35 0 1,62417 ,44462 ,035 1107 3,1377
5 1,93667* 47532 ,020 3187 3,5547
15 ,75333 47532 ,507 -,8647 2,3713
LSD 0 5 ,31250 ,44462 ,500 -,6933 1,3183
15 -,87083 ,44462 ,082 -1,8766 ,1350
35 -1,62417* 44462 ,005 -2,6300 -,6184
5 0 -,31250 44462 ,500 -1,3183 ,6933
15 -1,18333" 47532 ,034 -2,2586 -,1081
35 -1,93667* 47532 ,003 -3,0119 -,8614
15 0 ,87083 ,44462 ,082 -,1350 1,8766
5 1,18333* 47532 ,034 ,1081 2,2586
35 -,75333 47532 147 -1,8286 ,3219
35 0 1,62417* ,44462 ,005 6184 2,6300
5 1,93667* 47532 ,003 8614 3,0118
15 ,75333 47532 147 -,3219 1,8286

*. The mean difference is significant at the .05 level.
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Tabela A108 — Comparag&o muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

GPX nos tecidos vegetais da raiz da S. nigrum com p<0,01

Multiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 99% Confidence Interval

() CAR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
TukeyHSD © 5 31250 44462 ,883 -1,5602 2,1852
15 -,87083 ,44462 271 -2,7436 1,0019

35 -1,62417 ,44462 ,023 -3,4969 2486

5 0 -,31250 ,44462 ,893 -2,1852 1,5602
15 -1,18333 47532 129 -3,1854 ,8187

35 -1,93667 47532 012 -3,9387 ,0854

15 ] ,87083 ,44462 271 -1,0019 2,7436
5 1,18333 47532 129 -8187 3,1854

35 -, 75333 47532 ,432 -2,7554 1,2487

35 0 1,62417 44462 ,023 -,2486 3,4969
5 1,93667 47532 ,012 -,0654 3,9387

15 75333 47532 ,432 -1,2487 2,7554

Scheffe o 5 31250 44462 917 -1,7238 2,3488
15 -,87083 ,44462 ,339 -2,9072 1,1655

35 -1,62417 44462 ,035 -3,6605 4122

5 0 -,31250 ,44462 917 -2,3488 1,7238
15 -1,18333 47532 175 -3,3603 ,9936

35 -1,83667 47532 ,020 -4,1138 ,2403

15 0 ,87083 44462 ,339 -1,1655 2,9072
5 1,18333 47532 175 -,9936 3,3603

35 -,75333 47532 ,507 -2,9303 1,4236

35 4] 1,62417 44462 ,035 -4122 3,6605
5 1,93667 47532 ,020 -,2403 4,1136

15 ,75333 47532 507 -1,4236 2,9303

LSD [ 5 31250 44462 ,500 -1,1324 1,7574
16 -,87083 ,44462 ,082 -2,3158 5741

35 -1,82417* 44462 ,005 -3,0691 -1792

5 0 -,31250 44462 ,500 -1,7574 1,1324
15 -1,18333 ,47532 ,034 -2,7280 3614

35 -1,93667* 47532 ,003 -3,4814 -,3920

15 0 ,87083 ,44462 ,082 -5741 2,3158
5 1,18333 47532 ,034 -,3614 2,7280

35 -,75333 47532 147 -2,2980 7914

35 0 162417 44462 ,005 1792 3,0691
5 1,93667* 47532 ,003 ,3920 3,4814

15 ,75333 47532 147 -,7914 2,2980

*. The mean difference is significant at the .01 level.
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ANEXO XV

Stress Oxidativo: Superdxido — Dismutase
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Tabela A109 - ANOVA da actividade enzimatica da SOD nos tecidos vegetais na parte aérea da B. juncea

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 186,456 3 62,152 12,664 003
Within Groups 34,354 7 4,908
Total 220,810 10

Tabela A110 — Comparag&o muitipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

SOD nos tecidos vegetais da parte aérea da B. juncea com p<0,05

Muitiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

() CdPA _ (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
TukeyHSD 0 5 -7,07333*| 1,69199 017 -12,6741 -1,4726
15 42500 1,91854 996 -5,9257 8,7757
35 4,82000 1,91854 142 -1,56307 11,1707
5 0 7,07333*| 1,69199 017 1,4726 12,6741
15 7,49833"| 202232 ,030 ,8041 14,1925
35 11,89333*| 2,02232 ,003 5,1991 18,5875
15 0 -,42500 1,91854 ,896 -8,7757 5,9257
5 -7,49833%| 2,02232 ,030 -14,1925 -8041
35 4,39500 2,21534 ,279 -2,9381 11,7281
35 0 -4,82000 1,91854 ,142 -11,1707 1,5307
5 -11,89333*| 2,02232 ,003 -18,5875 -5,1991
15 -4,39500 2,21534 ,279 -11,7281 2,9381
Scheffe 0 5 -7,07333*| 1,69199 ,026 -13,1834 -,9633
15 42500 1,81854 ,897 -6,5032 7,35632
35 4,82000 1,91854 ,188 -2,1082 11,7482
5 0 7,07333*| 1,69199 ,026 ,9633 13,1834
15 7,49833*| 2,02232 ,045 ,1954 14,8013
35 11,89333*| 2,02232 ,004 4,5904 19,1963
15 0 -,42500 1,91854 997 -7,3532 86,5032
5 -7,49833* 2,02232 ,045 -14,8013 -,1954
35 4,39500 2,21534 ,344 -3,6050 12,3950
35 0 -4,82000 1,91854 ,188 -11,7482 2,1082
5 -11,89333" 2,02232 ,004 -19,1963 -4,5904
15 -4,39500 2,21534 ,344 -12,3950 3,6050
LSD 0 5 -7,07333*{ 1,69199 ,004 -11,0743 -3,0724
15 ,42500 1,91854 ,831 -4,1116 4,9616
35 4,82000" 1,91854 ,040 ,2834 9,3566
5 0 7,07333*| 1,69199 ,004 3,0724 11,0743
15 7,49833*| 2,02232 ,008 2,7163 12,2804
35 11,89333*| 2,02232 ,001 7,1113 16,6754
15 0 -,42500 1,91854 ,831 -4,9616 4,1116
5 -7,49833* 1 2,02232 ,008 -12,2804 -2,7163
35 4,39500 2,21534 ,088 -,8434 9,6334
35 0 -4,82000" 1,91654 ,040 -9,3566 -,2834
5 -11,89333" | 2,02232 ,001 -16,6754 -7.1113
16 -4,39500 2,21534 ,088 -9,6334 ,8434

*. The mean difference is significant at the .05 level.
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Tabela A111 — Comparagdo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da parte aérea da B. juncea com p<0,01

Multiple Comparisons
Dependent Variabie: ActEnzPA
Mean
Difference 98% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -7,07333 1,69199 ,017 -14,9008 7542
15 ,42500 1,91854 ,096 -8,4506 9,3006
35 4,82000 1,91854 142 -4,0556 13,6956
5 0 7,07333 1,69199 017 -,7542 14,9008
15 7,49833 2,02232 ,030 -1,8573 16,8540
35 11,89333* | 2,02232 ,003 2,5377 21,2480
15 0 -,42500 1,91854 ,996 -9,3008 8,4506
5 -7,49833 2,02232 ,030 -16,8540 1,8573
35 4,39500 2,21534 279 -5,8536 14,6436
35 0 -4,82000 1,91854 ,142 -13,6956 4,0558
5 -11,89333*| 2,02232 ,003 -21,2490 -2,5377
15 -4,39500 2,21534 ,279 -14,6436 5,8536
Scheffe 0 5 -7,07333 1,69199 ,026 -15,5930 1,4463
15 42500 1,91854 ,997 -9,2354 10,0854
35 4,82000 1,91854 ,188 -4,8404 14,4804
5 0 7,07333 1,69199 026 -1,4463 15,5930
15 7,49833 2,02232 ,045 -2,6846 17,6812
35 11,89333*| 2,02232 004 1,7104 22,0762
15 ] -,42500 1,91854 997 -10,0854 9,2354
5 -7,49833 2,02232 045 -17,6812 2,6846
35 4,38500 2,21534 344 -6,7598 15,5498
35 1] -4,82000 1,91854 ,188 -14,4804 4,8404
5 -11,89333"| 2,02232 ,004 -22,0762 -1,7104
15 -4,39500 2,21534 344 -15,5498 6,7598
LSD 0 5 -7,07333*| 1,69198 ,004 -12,9944 -1,1622
15 42500 1,91854 ,831 -6,2889 7,1388
35 4,82000 1,91854 ,040 -1,8939 11,5339
5 1] 7,07333*| 1,69199 ,004 1,1522 12,9944
15 7,49833*| 2,02232 ,008 4213 14,5754
35 11,89333*] 2,02232 ,001 4,8163 18,9704
15 0 -,42500 1,91854 ,831 -7,1389 6,2889
5 -7,49833* |  2,02232 ,008 -14,5754 -,4213
35 4,38500 2,21534 ,088 -3,3575 12,1475
35 0 -4,82000 1,91854 ,040 <11,5338 1,8939
5 -11,89333*| 2,02232 ,001 -18,9704 -4,8163
15 -4,39500 2,21534 ,088 -12,1475 3,3575

*. The mean difference is significant at the .01 level.
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Tabela A112 - ANOVA da actividade enzimatica da SOD nos tecidos vegetais na raiz da B. juncea

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 91,956 3 30,652 7,530 ,006
Within Groups 40,706 10 4,071
Total 132,662 13

Tabela A113 — Comparag&o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da raiz da B. juncea com p<0,05

Multiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 95% Confidence Interval

() CdR  (J) CdR (1-J} Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 6,11533* 1,47342 ,009 1,6076 10,6231
15 3,41200 1,47342 ,169 -1,0857 79197

35 5,44533" 1,47342 ,018 ,9376 09,9531

5 0 -6,11533"* 1,47342 ,009 -10,6231 -1,6076
15 -2,70333 1,64734 401 -7,7431 2,3365

35 -,67000 1,64734 976 -5,7098 4,3698

15 0 -3,41200 1,47342 ,159 -7,9197 1,0957
5 2,70333 1,64734 401 -2,3365 7.7431

35 2,03333 1,64734 621 -3,0065 7.0731

35 0 -5,44533" 1,47342 ,018 -9,9531 -,9376
5 ,67000 1,64734 976 -4,3698 5,7008

15 -2,03333 1,64734 ,621 -7,0731 3,0065

Scheffe 0 5 6,11533*| 1,47342 ,015 1,2009 11,0298
15 3,41200 1,47342 213 -1,6024 8,3264

35 5,44533* 1,47342 ,029 ,5309 10,3508

5 0 -6,11533" 1,47342 ,015 -11,0208 -1,2009
15 -2,70333 1,64734 476 -8,1978 2,7912

35 -,67000 1,64734 ,982 -6,1645 4,8245

15 0 -3,41200 1,47342 213 -8,3264 1,5024
5 2,70333 1,64734 476 -2,7912 8,1978

35 2,03333 1,64734 ,686 -3,4612 7.5278

35 0 -5,44533* 1,47342 ,029 -10,3598 -,5309
5 ,87000 1,64734 982 -4,8245 6,1645

15 -2,03333 1,64734 686 -7,6278 3,4612

LSD 0 5 6,115633" 1,47342 ,002 2,8323 9,3983
15 3,41200" 1,47342 043 ,1290 6,6950

35 5,44533" 1,47342 ,004 2,1623 8,7283

5 0 -8,11533" 1,47342 ,002 -9,3983 -2,8323
15 -2,70333 1,64734 ,132 -8,3738 9672

35 -,67000 1,64734 693 -4,3405 3,0005

15 0 -3,41200* | 1,47342 ,043 -6,6950 -1290
5 2,70333 1,64734 ,132 -,8672 6,3738

35 2,03333 1,64734 ,245 -1,6372 5,7038

35 0 -5,44533* 1,47342 004 -8,7283 -2,1623
5 ,87000 1,64734 ,693 -3,0005 4,3405

15 -2,03333 1,64734 245 -5,7038 1,6372

*. The mean difference is significant at the .05 level.
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Tabela A114 - Comparag&o muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da raiz da B. juncea com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 99% Confidence Interval

() CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD O 5 6,11533*| 1,47342 ,009 ,1052 12,1254
15 3,41200 1,47342 ,159 -2,5981 9,4221
35 5,44533 1,47342 ,018 -,5648 11,4554
5 4] -6,11533* | 1,47342 ,009 -12,1254 -,1052
15 -2,70333 1,64734 401 -9,4228 4,0162
35 -,67000 1,64734 976 -7,3895 68,0495
15 0 -3,41200 1,47342 ,159 -9,4221 2,5981
5 2,70333 1,64734 401 -4,0162 9,4228
35 2,03333 1,64734 621 -4,6862 8,7528
35 ] -5,44533 1,47342 ,018 -11,4554 5648
5 ,67000 1,64734 976 -6,0495 7,3895
15 -2,03333 1,64734 621 -8,7528 4,6862
Scheffe 0 5 6,11533 1,47342 ,015 -4173 12,6479
15 3,41200 1,47342 213 -3,1206 9,9446
35 5,44533 1,47342 ,029 -1,0873 11,9779
5 0 -6,11533 1,47342 ,015 -12,6479 4173
15 -2,70333 1,64734 A76 -10,0070 4,6003
35 -,67000 1,64734 ,982 -7,9737 6,6337
15 0 -3,41200 1,47342 213 -9,9448 3,1208
5 2,70333 1,64734 476 -4,6003 10,0070
35 2,03333 1,64734 ,686 -5,2703 9,3370
35 0 -5,44533 1,47342 ,029 -11,9779 1,0873
5 ,67000 1,64734 ,982 -6,6337 7,9737
15 -2,03333 1,64734 686 -9,3370 5,2703
LSD [ 5 6,11533*| 1,47342 ,002 1,4457 10,7850
15 3,41200 1,47342 ,043 -1,2577 8,0817
35 5,44533"| 1,47342 ,004 7757 10,1150
5 0 -6,11533%( 1,47342 ,002 -10,7850 -1,4457
15 -2,70333 1,64734 132 -7,9242 2,5175
35 -,867000 1,64734 ,693 -5,8909 4,5509
15 0 -3,41200 1,47342 ,043 -8,0817 1,2577
5 2,70333 1,64734 132 -2,5175 7,9242
35 2,03333 1,64734 ,245 -3,1875 7,2542
35 0 -5,44533" 1.47342 ,004 -10,1150 - 7757
5 ,67000 1,64734 ,693 -4,5509 5,8909
15 -2,03333 1,64734 ,245 -7,2542 3,1875

*. The mean difference is significant at the .01 level.
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Tabela A115 - ANOVA da actividade enzimatica da SOD nos tecidos vegetais na parte aérea da N.
tabacum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 456,097 3 152,032 20,250 ,000
Within Groups 67,571 9 7.508
Total 523,669 12

Tabela A116 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da parte aérea da N. tabacum com p<0,05

Muitiple Comparisons
Dependent Variable: ACtEnzPA

Mean

Difference 95% Confidence Interval
____(hCdPA (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD © 5 11,25833*| 2,09275 ,002 47252 17,7915
15 -5,83833 2,09275 ,082 -12,3715 ,6948
35 1,73500 2,09275 ,840 -4,7982 8,2682
5 o] -11,25833" | 2,09275 ,002 -17,7915 -4,7252
15 -17,09667*| 2,23725 ,000 -24 0809 -10,1124
35 -9,52333*| 2,23725 ,009 -16,5076 -2,5391
15 0 5,83833 2,09275 ,082 -,6948 12,3715
5 17,09667*| 2,23725 ,000 10,1124 24,0809
35 7,67333"| 2,23725 034 ,5891 14,5576
35 0 -1,73500 2,09275 ,840 -8,2682 4,7982
5 9,62333*| 2,23725 ,009 2,5391 16,5076
15 -7,67333*| 2,23725 ,034 -14,5576 -,5891
Scheffe 0 5 11,25833*| 2,09275 ,004 4,1345 18,3822
15 -5,83833 2,09275 A17 -12,9622 1,2855
35 1,73500 2,09275 874 -5,3889 8,8589
5 0 -11,25833*| 2,09275 ,004 -18,3822 -4,1345
15 -17,00667*| 2,23725 ,000 -24,7124 -9,4809
35 -9,52333%| 2,23725 ,015 -17,1391 -1,0076
15 0 5,83833 2,09275 A17 -1,2855 12,9622
5 17,09667*| 2,23725 ,000 9,4809 24,7124
35 7.67333 2,23725 ,051 -,0424 15,1801
35 0 -1,73500 2,09275 874 -8,8589 5,3889
9,62333"| 2,23725 ,015 1,9076 17,1301
15 -7,67333 2,23725 ,051 -15,1891 ,0424
LSD 0 5 11,25833*| 2,09275 ,000 6,5242 15,9925
15 -5,83833"| 2,09275 ,021 -10,5725 -1,1042
35 1,73500 2,09275 429 -2,9991 6,4691
5 0 -11,25833"| 2,09275 ,000 -15,9925 -8,5242
15 -17,09667* | 2,23725 ,000 -22,1577 -12,0357
35 -9,62333"| 2,23725 ,002 -14,5843 -4,4623
15 0 5,83833"| 2,00275 ,021 1,1042 10,5725
5 17,09667*| 2,23725 ,000 12,0357 22,1577
35 7,67333"| 2,23725 ,008 2,5123 12,6343
35 0 -1,73500 2,00275 ,429 -6,4691 2,9991
5 9,62333"| 2,23725 ,002 4,4623 14,5843
15 -7,57333*| 2,23725 ,008 -12,6343 -2,5123

*. The mean difference is significant at the .05 level.
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Tabela A117 — Comparagdo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da parte aérea da N. tabacum com p<0,01

Multiple Comparisons

Dependent Variable: ACtEnzPA

Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (l-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 11,25833*| 2,09275 ,002 2,4436 20,0730
15 -5,83833 2,09275 ,082 -14,6530 2,9764

35 1,73500 2,09275 ,840 -7,0797 10,5497

5 0 -11,25833* | 2,09275 ,002 -20,0730 -2,4436
15 -17,09667* | 2,23725 ,000 -26,5200 -7,6734

35 -9,562333*| 2,23725 ,009 -18,9466 -,1000

15 0 5,83833 2,09275 ,082 -2,9764 14,6530
5 17,09667* | 2,23725 ,000 7,6734 26,5200

35 7,57333 2,23725 ,034 -1,8500 16,9966

35 0 -1,73500 2,09275 ,840 -10,5497 7,0797
5 9,52333*| 2,23725 ,009 ,1000 18,9466

15 -7,57333 2,23725 ,034 -16,9966 1,8500

Scheffe 0 5 11,25833* 2,09275 ,004 1,6737 20,8430
15 -5,83833 2,09275 117 -15,4230 3,7463

35 1,73500 2,09275 874 -7,8497 11,3197

5 0 -11,25833" |  2,09275 ,004 -20,8430 -1,6737
15 -17,09667* | 2,23725 ,000 27,3431 -6,8502

35 -9,52333 2,23725 ,015 -19,7698 7231

15 0 5,83833 2,09275 117 -3,7463 15,4230
5 17,00667*| 2,23725 ,000 6,8502 27,3431

35 7,57333 2,23725 ,051 -2,6731 17,8198

35 0 -1,73500 2,09275 874 -11,3197 7,8497
5 9,52333 2,23725 ,015 - 7231 19,7698

15 -7,57333 2,23726 ,051 -17,8198 2,6731

LSD 0 5 11,25833*( 2,09275 ,000 4,4572 18,0594
15 -5,83833 2,09275 ,021 -12,6394 ,9628

35 1,73500 2,09275 429 -5,0661 8,5361

5 0 -11,25833" | 2,09275 ,000 -18,0594 -4,4572
15 -17,090667* | 2,23725 ,000 -24,3674 -9,8260

35 -9,52333*| 2,23725 ,002 -16,7940 -2,2528

15 0 5,83833 2,09275 ,021 -,8628 12,6394
5 17,00667*| 2,23725 ,000 9,8260 24,3674

35 7,57333*| 2,23725 ,008 ,3026 14,8440

35 0 -1,73500 2,09275 429 -8,5361 5,0661
5 9,52333*| 2,23725 ,002 2,2526 16,7940

15 -7,57333*| 2,2372% ,008 -14,8440 -,3026

*. The mean difference is significant at the .01 level.
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Tabela A118 - ANOVA da actividade enzimatica da SOD nos tecidos vegetais na raiz da N. tabacum

ANOVA
ActEnzR
Sum of
Squares df Mean Square F Sig.
Between Groups 160,710 3 53,570 6,360 ,027
Within Groups 50,637 6 8,423
Total 211,247 9

Tabela A119 — Comparagao muitipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da raiz da N. tabacum com p<0,05

Muitiple Comparisons
Dependent Vanable: ActEnzR
Mean
Difference 95% Confidence Interval

_ () CdR  (J) CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 5,61000 2,36966 184 -2,5931 13,8131
15 -1,11000 2,64936 973 -10,2813 8,0613
35 -5,69500 2,64936 ,239 -14,8663 3,4763
5 0 -5,61000 2,36966 184 -13,8131 2,5931
15 -6,72000 2,64936 150 -15,8913 2,4513
35 -11,30500* | 2,64936 ,020 -20,4763 -2,1337
15 0 1,11000 2,64936 973 -8,0613 10,2813
5 6,72000 2,64936 ,150 -2,4513 15,8913
35 -4,58500 2,90222 453 -14,6317 5,4617
35 0 5,69500 2,64938 ,239 -3,4763 14,8663
11,30500*} 2,64936 ,020 2,1337 20,4763
15 4,58500 2,90222 ,453 -5,4617 14,6317
Scheffe 0 5 5,61000 2,36966 ,236 -3,3419 14,5619
15 -1,11000 2,64936 ,980 -11,1185 8,8985
35 -5,69500 2,64936 ,298 -15,7035 4,3135
5 0 -5,61000 2,36966 ,236 -14,5619 3,3419
15 -6,72000 2,64936 ,196 -16,7285 3,2885
35 -11,30500* 2,64936 ,030 -21,3135 -1,2965
15 0 1,11000 2,64936 ,980 -8,8985 11,1185
5 6,72000 2,64936 196 -3,2885 16,7285
35 -4,58500 2,90222 ,523 -15,5488 6,3788
35 0 5,69500 2,64936 ,298 -4,3135 15,7035
5 11,30500* | 2,64936 ,030 1,2965 21,3135
15 4,58500 2,90222 ,523 -8,3788 15,5488
LSD 0 5 5,61000 2,36966 ,056 -,1883 11,4083
15 -1,11000 2,64936 ,680 -7,5927 5,3727
35 -5,69500 2,64936 075 -12,1777 7877
5 0 -5,61000 2,36966 ,056 -11,4083 ,1883
15 -8,72000% | 2,64936 ,044 -13,2027 -,2373
35 -11,30500*| 2,64936 ,005 -17,7877 -4,8223
15 0 1,11000 264938 ,690 -5,3727 7,5927
5 6,72000" 2,64936 ,044 ,2373 13,2027
35 -4,58500 2,90222 165 -11,6865 2,5165
35 0 5,69500 2,64938 075 -,7877 12,1777
5 11,30500* | 2,64936 ,005 4,8223 17,7877
15 4,58500 2,90222 ,165 -2,5165 11,6865

*. The mean difference is significant at the .05 level.
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Tabela A120 — Comparag8o multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da

SOD nos tecidos vegetais da raiz da N. tabacum com p<0,01

Multiple Comparisons
Dependent Variable: ActEnzR
Mean
Difference 99% Confidence Interval

____(hCaR () CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 5,61000 2,36966 184 -6,1749 17,3949
15 -1,11000 2,64936 973 -14,2860 12,0660
35 -5,69500 2,64936 ,239 -18,8710 7,4810
5 ] -5,61000 2,36966 ,184 -17,3949 86,1749
15 -6,72000 2,64936 150 -19,8960 6,4560
35 -11,30500 2,64938 ,020 -24,4810 1,8710
15 0 1,11000 2,64936 973 -12,0660 14,2860
5 6,72000 2,64936 ,150 -6,4560 19,8960
35 -4,58500 2,90222 453 -19,0185 9,8485
35 0 5,69500 2,64936 ,239 -7,4810 18,8710
5 11,30500 2,64936 ,020 -1,8710 24,4810
15 4,58500 2,90222 ,453 -9,8485 19,0185
Scheffe 0 5 5,61000 2,36966 ,236 -7,2253 18,4453
15 -1,11000 2,64936 ,980 -15,4603 13,2403
35 -5,69500 2,64936 ,298 -20,0453 8,6553
5 0 -5,61000 2,36966 ,236 -18,4453 7,2253
15 -8,72000 2,64936 ,196 -21,0703 7,6303
35 -11,30500 2,64936 ,030 -25,6553 3,0453
15 0 1,11000 2,64936 ,980 -13,2403 15,4603
5 6,72000 2,64936 ,196 -7,6303 21,0703
35 -4,58500 2,90222 523 -20,3049 11,1349
35 0 5,60500 2,64936 298 -8,6553 20,0453
5 11,30500 2,64936 ,030 -3,0453 25,6553
15 4,58500 2,90222 ,523 -11,1349 20,3049
LSD 0 5 5,61000 2,36966 058 -3,1753 14,3953
15 -1,11000 2,64936 690 -10,9323 8,7123
35 -5,60500 2,64936 075 -15,5173 41273
5 0 -5,61000 2,36966 ,056 -14,3953 3,1753
15 -8,72000 2,84936 ,044 -16,5423 3,1023
35 -11,30500* | 2,64936 ,005 -21,1273 -1,4827
15 0 1,11000 2,64936 ,690 -8,7123 10,9323
5 8,72000 2,64936 ,044 -3,1023 16,5423
35 -4,58500 2,90222 ,185 -15,3448 6,1748
35 0 5,69500 2,84936 ,075 -4,1273 15,5173
5 11,30500* | 2,64936 ,005 1,4827 21,1273
15 4,58500 2,90222 ,165 -8,1748 15,3448

*. The mean difference is significant at the .01 level.
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Tabela A121 - ANOVA da actividade enzimatica da SOD nos tecidos vegetais na parte aérea da S. nigrum

ANOVA
ActEnzPA
Sum of
Squares df Mean Square F Sig.
Between Groups 163,087 3 54,362 2,706 ,126
Within Groups 140,623 7 20,089
Total 303,709 10

Tabela A122 — Comparac&o muiltipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da parte aérea da S. nigrum com p<0,05

Multiple Comparisons
Dependent Variable: ActEnzPA
Mean
Difference 95% Confidence Interval

(I) CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -5,80333 4,09155 527 -19,3470 7,7404
15 -7,09667 3,685960 294 -19,2105 5,0172
35 1,94000 3,65960 ,949 -10,1739 14,0539
5 0 5,80333 4,09155 ,527 -7,7404 18,3470
15 -1,29333 4,09155 988 -14,8370 12,2504
35 7,74333 4,09155 311 -5,8004 21,2870
15 0 7,09667 3,65960 294 -5,0172 18,2105
5 1,29333 4,09155 ,988 -12,2504 14,8370
35 9,03667 3,65960 ,150 -3,0772 21,1505
35 0 -1,94000 3,65960 ,849 -14,0539 10,1739
5 -7,74333 4,09155 311 -21,2870 5,8004
15 -9,03667 3,65860 150 -21,1505 3,0772
Scheffe 0 5 -5,80333 4,09155 587 -20,5786 8,9719
15 -7,09667 3,65960 ,361 -20,3121 6,1187
35 1,94000 3,65960 ,961 -11,2754 15,1554
5 0 5,80333 4,09155 597 -8,9719 20,5786
15 -1,29333 4,09155 ,991 -16,0686 13,4818
35 7,74333 4,09155 379 -7,0319 22,5186
15 0 7,09667 3,65960 ,361 -6,1187 20,3121
5 1,29333 4,09155 ,991 -13,4819 16,0688
35 9,03667 3,65960 ,198 -4,1787 22,2521
35 0 -1,94000 3,65960 ,961 -15,1554 11,2754
5 -7,74333 4,09155 379 -22,5186 7,0319
15 -8,03667 3,65960 ,198 -22,2521 4,1787
LSD 0 5 -5,80333 4,09155 ,199 -15,4783 3,8717
15 -7,09667 3,65960 ,094 -15,7502 1,5569
35 1,94000 3,65960 612 -6,7136 10,5836
5 0 5,80333 4,09155 ,199 -3,8717 15,4783
15 -1,29333 4,09155 761 -10,9683 8,3817
35 7,74333 4,09155 ,100 -1,9317 17,4183
15 0 7,09667 3,65960 ,084 -1,5569 15,7502
5 1,29333 4,08155 761 -8,3817 10,9683
35 9,03667*| 3,65960 ,043 ,3831 17,6902
35 0 -1,84000 3,65960 612 -10,5936 6,7136
5 -7,74333 4,09155 ,100 -17,4183 1,9317
15 -9,03667* 3,65960 ,043 -17,6902 -,3831

*. The mean difference is significant at the .05 level.
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Tabela A123 — Comparagéo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da parte aérea da S. nigrum com p<0,01

Multiple Comparisons

Dependent Variable: ActEnzPA

Mean
Difference 99% Confidence Interval

() CdPA  (J) CdPA (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -5,80333 4,09155 ,527 -24,7317 13,1250
15 -7,09667 3,65960 ,294 -24,0267 9,8334

35 1,94000 3,65960 ,949 -14,9900 18,8700

5 0 5,80333 4,09155 527 -13,1250 24,7317
15 -1,29333 4,09155 988 -20,2217 17,6350

35 7,74333 4,09155 311 -11,1850 26,6717

15 0 7.09667 3,65960 294 -9,8334 24,0267
5 1,29333 4,09155 ,988 -17,6350 20,2217

35 9,03667 3,65960 ,150 -7,8934 25,9667

35 0 -1,94000 3,65960 ,949 -18,8700 14,9900
5 -7,74333 4,09155 311 -26,6717 11,1850

15 -9,03667 3,65960 150 -25,9667 7,8934

Scheffe 0 5 -5,80333 4,09155 597 -26,4054 14,7987
15 -7,09667 3,65960 ,361 -25,5237 11,3304

35 1,94000 3,65960 ,961 -16,4870 20,3670

5 0 5,80333 4,09155 ,597 -14,7987 26,4054
15 -1,29333 4,09155 ,991 -21,8954 19,3087

35 7,74333 4,09155 ,379 -12,8587 28,3454

15 0 7,09667 3,65960 ,361 -11,3304 25,5237
5 1,29333 4,09155 ,991 -19,3087 21,8954

35 9,03667 3,65960 ,198 -9,3904 27,4637

35 o] -1,94000 3,65960 ,961 -20,3670 16,4870
5 -7,74333 4,09155 379 -28,3454 12,8587

15 -9,03667 3,65960 ,198 -27,4637 9,3904

LSD 0 5 -5,80333 4,09155 199 -20,1217 8,6150
15 -7,09667 3,65960 ,004 -19,9034 5,7100

35 1,94000 3,65960 612 -10,8667 14,7467

5 0 5,80333 4,09155 ,199 -8,5150 20,1217
15 -1,29333 4,09155 ,761 -15,6117 13,0250

35 7,74333 4,09155 ,100 -6,5750 22,0617

15 0 7,09667 3,65960 ,094 -5,7100 19,9034
5 1,29333 4,09155 ,761 -13,0250 15,6117

35 9,03667 3,65960 ,043 -3,7700 21,8434

35 0 -1,94000 3,65960 ,612 -14,7467 10,8667
5 -7,74333 4,09155 ,100 -22,0817 6,5750

15 -9,03667 3,65960 ,043 -21,8434 3,7700
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Tabela A124 - ANOVA da actividade enzimatica da SOD nos tecidos vegetais na raiz da S. nigrum

ANOVA
ActEnzR
Sum of
- Squares df Mean Square F Sig.
Between Groups 59,166 3 19,722 1,789 227
Within Groups 88,182 8 11,023
Total 147,348 11

Tabela A125 — Comparagao multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da raiz da S. nigrum com p<0,05

Multiple Comparisons
Dependent Vanable: ActEnzR

Mean

Difference 95% Confidence Interval
____(hCdR__ (J)CdR (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,81667 2,71081 ,990 -9,4976 7,8643
15 -5,71000 2,71081 ,230 -14,3910 2,9710
35 -3,10667 2,71081 674 -11,7876 5,5743
5 0 ,81667 2,71081 ,990 -7,8643 9,4976
15 -4,89333 2,71081 ,338 -13,5743 3,7876
35 -2,29000 2,71081 ,832 -10,9710 6,3910
15 [ 5,71000 2,71081 ,230 -2,9710 14,3910
5 4,89333 2,71081 ,338 -3,7876 13,5743
35 2,60333 2,71081 775 -6,0776 11,2843
35 0 3,10667 2,71081 674 -5,5743 11,7876
5 2,29000 2,71081 832 -6,3910 10,9710
15 -2,60333 2,71081 JI75 -11,2843 6,0776
Scheffe 0 5 -, 81667 2,71081 ,992 -10,2846 8,6512
15 -5,71000 2,71081 292 -15,1779 3,7579
35 -3,10667 2,71081 732 -12,5746 6,3612
5 0 ,81667 2,71081 992 -8,6512 10,2846
15 -4,89333 2,71081 409 -14,3612 4,5746
35 -2,29000 2,71081 868 -11,7579 71779
15 0 5,71000 2,71081 ,292 -3,7579 15,1779
5 4,89333 2,71081 409 -4,5746 14,3612
35 2,60333 2,71081 820 -6,8646 12,0712
35 0 3,10667 2,71081 732 -6,3612 12,5746
5 2,29000 2,71081 ,868 -7,1779 11,7579
15 -2,60333 2,71081 820 -12,0712 6,8646
LSD 0 5 - 81667 2,71081 J71 -7,0678 5,4345
15 -5,71000 2,71081 ,068 -11,9611 5411
35 -3,10667 2,71081 ,285 -9,3578 3,1445
5 0 ,81667 2,71081 71 -5,4345 7.0878
15 -4,89333 2,71081 ,109 -11,1445 1,3578
35 -2,29000 2,71081 423 -8,5411 3,9611
15 0 5,71000 2,71081 ,068 -,5411 11,9611
5 4,89333 2,71081 109 -1,3578 11,1445
35 2,60333 2,71081 365 -3,6478 8,8545
35 0 3,10667 2,71081 ,285 -3,1445 9,3578
5 2,29000 2,71081 423 -3,9611 8,5411
15 -2,60333 2,71081 365 -8,8545 3,6478
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Tabela A126 — Comparagéo multipla entre os diferentes tratamentos de cadmio na actividade enzimatica da
SOD nos tecidos vegetais da raiz da S. nigrum com p<0,01

Multiple Comparisons

Dependent Variable: ActEnzR

Mean
Difference 99% Confidence Interval

(1) CdR _ (J) CdR (i-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 0 5 -,81667 2,71081 ,990 -12,7084 11,0750
15 -5,71000 2,71081 ,230 -17,6017 6,1817

35 -3,10667 2,71081 674 -14,9984 8,7850

5 0 ,81667 2,71081 ,990 -11,0750 12,7084
15 -4,89333 2,71081 ,338 -16,7850 6,9984

35 -2,29000 2,71081 ,832 -14,1817 9,6017

15 0 5,71000 2,71081 ,230 -6,1817 17,6017
5 4,89333 2,71081 ,338 -6,9984 16,7850

35 2,60333 2,71081 J75 -9,2884 14,4950

35 0 3,10667 2,71081 674 -8,7850 14,9984
5 2,29000 2,71081 832 -9,6017 14,1817

15 -2,60333 2,71081 775 -14,4950 9,2884

Scheffe 0 5 -,81667 2,71081 ,992 -13,7529 12,1196
15 -5,71000 2,71081 292 -18,6463 7,2263

35 -3,10667 2,71081 732 -16,0429 9,8296

5 0 ,81667 2,71081 ,992 -12,11986 13,7529
15 -4,89333 2,71081 409 -17,8296 8,0429

35 -2,29000 2,71081 ,868 -15,2263 10,6463

16 0 5,71000 2,71081 ,292 -7,2263 18,6463
5 4,89333 2,71081 ,409 -8,0429 17,8296

35 2,60333 2,71081 ,820 -10,3329 15,5396

35 0 3,10667 2,71081 , 732 -9,8296 16,0429
5 2,29000 2,71081 ,868 -10,6463 15,2263

15 -2,60333 2,71081 ,820 -15,5396 10,3329

LSD 0 5 -,81667 2,71081 771 -9,9125 8,2792
15 -5,71000 2,71081 ,068 -14,8058 3,3858

35 -3,10667 2,71081 ,285 -12,2025 5,9892

5 0 ,81667 2,71081 J71 -8,2792 9,9125
15 -4,89333 2,71081 ,109 -13,9892 4,2025

35 -2,29000 2,71081 423 -11,3858 6,8058

16 0 5,71000 2,71081 ,088 -3,3858 14,8058
5 4,89333 2,71081 .109 -4,2025 13,9892

35 2,60333 2,71081 ,365 -6,4925 11,6992

35 0 3,10667 2,71081 ,285 -5,9892 12,2025
5 2,29000 2,71081 423 -6,8058 11,3858

15 -2,60333 2,71081 ,365 -11,6992 6,4925
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