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ABSTRACT. There are plants with the capacity to tolerate stress conditions due to toxic metals by developing mechanisms that allow them
to maintain homeostasis. The purpose of this paper was to verify, after the addition of humid acids, as possible stimulators of these mecha-
nisms, the activity of phenylalanine-ammonium-liase and nitrate reductase enzymes, content of total nitrate, proline, (as components both of
the antioxidant system of bean) as well as nitrogen, in plants subjected to stress by Pb*". Bean seeds were planted in a typical red Ferrallitic
soil, artificially contaminated with 100 mg kg! of Pb*". Fifteen days after germination, the plants were treated with humic acid solutions at
concentrations of 20, 40 and 60 mg L' through foliar spraying, on the first and first trifoliate leaves. Every fifteen days enzyme activities were
analyzed. Results showed a decrease of biochemical-physiological effects caused by Pb*" in the enzymatic systems of plants treated with humic
acids, stating categorically that they may mitigate the stress provoked by metals in the phenological stages evaluated in bean crop, being 40
mg L the most prominent dosage.

Keywords: humic substance, oxidative stress, defense mechanism

RESUMO. Existem plantas que tem a capacidade de tolerar condigdes de estresse por metais toxicos, desenvolvendo mecanismos que permi-
tem manter a homeostase. Objetivou-se com o presente trabalho verificar a partir da adi¢do de acidos hiimicos - como possiveis estimuladores
destes mecanismos - a atividade das enzimas fenilalanina-amonio-liase, nitrato reductase, contetido de nitratos totais e prolina, como com-
ponentes tanto do sistema de defensa antioxidante de plantas de feijao como do nitrogénio, submetidas a estresse por Pb*. Sementes de feijao
foram semeadas num solo Ferralitico vermelho tipico contaminado artificialmente com 100 mg kg de Pb*". Apds 15 dias de germinadas, as
plantas foram tratadas com solugdes de acidos humicos nas concentragdes de 20, 40 e 60 mg L' mediante aspersdo foliar na folha primaria e
na primeira folha trifoliolada e a cada 15 dias foram analisadas a atividade das enzimas. Os resultados evidenciaram uma atenuagéo dos efeitos
bioquimico-fisiologicos causados pelo Pb?* nos sistemas enzimaticos das plantas tratadas com acidos hiimicos, concluindo que os mesmos podem
amenizar o estresse provocado pelo metal nas fases fenoldgicas avaliadas no cultivo do feijdo, sendo a dose de 40 mg L' a mais promissoria.

Palavras chave: sustincias humicas, estresse oxidativo, mecanismos de defesa.

INTRODUCTION INTRODUCAO
Soil contamination by xenobiotics requires the appli- A contaminag@o dos solos por xenobidticos exige a aplicagdo
cation of technologies to their recovery often inaccessible. | de tecnologias muitas vezes inacessiveis para sua recuperagao, € a
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Plants with potential for phytoextraction can, in many
cases, act as phytoremediation agents. One of the main
environmental sources of metals such as Pb?" has been
gasoline, and exposure to it, in professional environment,
occurs mainly in mining and manufacturing of inks, tiles
and ceramics. In the case of plants, the cation can cause:
(i) disturbances in mitosis; (ii) induction of micronuclei;
(iii) alteration in membrane permeability and (iv) varia-
tion in enzymatic activity in response to oxidative stress
generated in the cellular interior by the metal (Corpas &
Barroso, 2016).

Current research highlights the use of plants or microor-
ganisms in the rehabilitation of degraded areas, once few
forms of life survive in these conditions. It has been shown
that some legume species have potential for phytoextraction
of the metal reaching up to 400 mg kg!' of Pb** in the roots
(Almeida et al., 2008), indicating that there are mechanisms
not studied yet, that allow tolerance of these plants to the
contaminated environment. Recently, the beneficial effects
of humic acids (HA) as constituents of soil organic matter
have been demonstrated. These effects include the stimula-
tion of different biochemical-physiological processes such
as: (i) emergence and proliferation of lateral roots from
sites of mitosis; (ii) modifications in the activity of various
enzymes and intracellular metabolite content; (iii) variation
in the synthesis of pigments and; (iv) hormone-like activity
(Garcia et al., 2016). For this reason the objective of this work
is to evaluate the potential of HA in the modification of the
defense mechanisms of bean plants subjected to stress by
Pb*, trying to elucidate the intermolecular interaction that
binds the humic components to the metal to establish a more
precise relationship in a plant - humic acid - metal system.

METHODOLOGY

The work was developed in greenhouse. Plant material
was obtained from the germination of bean seeds (Phaseolus
vulgaris L. var. CC-25-9-N) certified by the National Institute
of Agricultural Sciences of Cuba. The HA were extracted from
vermicompost of bovine manure with three months of matura-
tion and from them the chemical, physical and spectroscopic
characterization was performed. The values obtained from H/C,
O/C, C/N and total acidity showed similarities to those reported
by the International Humic Substances Society (IHSS).

Treatments — Seeds were sown in two plant beds of 0,50 m x
2,30 m on a typical Red Ferrallitic soil according to Cuban clas-
sification (Hernandez, 1999), type Ferrasols according to world
reference databases (IUSS, 2007). One of them was previously
contaminated with Pb?* (100 mg kg') and the other one was not
contaminated. Each plant bed was divided into four parts, three
treatments and one control (4 X 2), resulting in eight treatments,
each with 30 plants. After germination, the plants were treated
with foliar applications of HA in the concentrations of 20, 40
and 60 mg L' and water as control. Applications were made in
the mornings from the emission of the primary leaves and the
first trifoliate leaf (FTL). Enzymatic activities were determined
with the emission of the FTL and the third trifoliate leaf (TTL).

utilizacdo de plantas, especificamente aquelas com potencial para a
fitoextragdo, podem em muitos casos atuar como agentes de fitorre-
mediagdo. Uma das principais fontes ambientais de alguns metais
como o Pb?" tem sido a gasolina, € a exposi¢do a0 mesmo no meio
profissional é produzida fundamentalmente em atividades de mine-
ragdo e fabricagao de tintas, lougas e ceramicas. No caso das plantas
esse cation pode provocar: (i) disturbios na mitose; (ii) indugdo de
microntcleos; (iii) alteragdo da permeabilidade da membrana e; (iv)
variagdo na atividade de enzimas, em resposta ao estresse oxidativo
gerado no interior celular pelo metal (Corpas y Barroso, 2016).
Varias pesquisas destacam o uso de plantas ou microrganis-
mos na reabilitagdo de areas degradadas, uma vez que poucas
formas de vida sobrevivem nestas condigdes. Tem-se demostrado
que algumas espécies de leguminosas possuem potencial para a
fitoextragdo do metal atingindo até 400 mg kg' de Pb** nas raizes
(Almeida et al., 2008), o que indica que existem mecanismos
ainda ndo estudados que permitem a tolerancia destas plantas
ao meio contaminado. Recentemente tém se mostrado os efeitos
benéficos dos acidos humicos (AH) como constituintes da matéria
organica do solo. Estes efeitos incluem a estimulagdo de dife-
rentes processos bioquimico-fisioldgicos como: (i) emergéncia
e proliferacdo de raizes laterais a partir de sitios especificos de
mitose; (ii) modificagdes nas atividades de diversas enzimas e
conteudo de metabolitos intracelulares; (iii) variagdo na sintese
de pigmentos e; (iv) atividade tipo hormonal (Garcia et al., 2016).
Por esta razdo objetivou-se com o presente trabalho avaliar as
potencialidades dos AH na modificagdo dos mecanismos de
defesa de plantas de feijdo que estejam submetidas ao estresse
por Pb*, tentando também elucidar a interagdo intermolecular
que liga os componentes humicos ao metal para estabelecer uma
relagdo mais precisa num sistema planta - acido hiumico - metal.

METODOLOGIA

O trabalho foi desenvolvido em casa de vegetagdo. O ma-
terial vegetal foi obtido a partir da germinagdo de sementes de
feijao (Phaseolus vulgaris L. var. CC-25-9-N) certificadas pelo
Instituto Nacional de Ciéncias Agricolas de Cuba. Os AH foram
extraidos a partir de vermicomposto de esterco bovino com trés
meses de maturidade e deles foi feita a caracterizag@o quimica,
fisica e espectroscopica. Os valores obtidos das relagdes H/C,
O/C, C/N e acidez total mostraram semelhanga aos informados
pela International Humic Substances Society (IHSS).

Tratamentos — As sementes foram semeadas em dois canteiros
de 0,50 m x 2,30 m de longitude em um solo Ferralitico vermelho
tipico segundo a classificacdo cubana (Hernandez et al., 1999), tipo
Ferrasols segundo bases de dados de referéncia mundial (IUSS
Working Group WRB, 2007), sendo um dos canteiros previamente
contaminado com Pb** (100 mg kg™) e outro ndo contaminado. Cada
canteiro foi dividido em quatro partes, tr€s tratamentos e um controle
(4 x 2), resultando em oito tratamentos, cada um com 30 plantas.
Ap6s a germinagao, as plantas foram tratadas com aplicacoes fo-
liares de AH nas concentragdes de 20, 40 ¢ 60 mg L' e agua como
controle. As aplicagdes foram realizadas nas manhas a partir da
emissdo da folha primaria e da primeira folha trifoliolada (PFT).
As atividades enzimaticas foram determinadas com a emiss@o da
PFT e da terceira folha trifoliolada (TFT).
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Enzymatic analyses — Phenylalanine-ammonium-
lyase enzyme (PAL) quantification was performed from an
enzymatic extract and subsequent incubation at 40 °C for
30 minutes. Absorbance was read at 290 nm (Zhang et al.,
2000). For proline the plant material was homogenized with
3 % sulfosalicylic acid and absorbance at 520 nm was read
using toluene as “blank” (Bates et al., 1973). Nitrate reductase
(NR) and total nitrate content were determined according to
Harper (1981) and the absorbance was read at 540 and 410 nm,
respectively, in a spectrophotometer (RayLihght UV-2100).
All reagents used were of the highest purity purchased from
Merck and Sigma-Aldrich.

Determination of Pb** — Analytical determinations of Pb**
were performed in a Fast Sequential Atomic Absorption Spec-
trometer VARIAN - AA240FS in the Radioisotope Laboratory
of the IBCCF of UFRJ. The plants were subjected to digestion
with HNO, until total solution and for pseudototal Pb** of the
soil a digestion with aqua regia (HCI + HNO, - 3:1) was used
through the microwave digestion system (CEM - model MDS-
2000) with the extract recovered in 50 mL (Nieuwenhuize et al.,
1991). Results concerning Pb**determination were performed
taking into consideration certified reference materials (NIST
SRM 2709 for soil and NIST SRM 1573 for the case of plants).

Statistical analysis —Information obtained was processed
through analysis of variance (ANOVA) using the statistical
package Statgraphic v. 5.1 plus and p < 0,05 (Tukey) for the
means comparison test.

RESULTS AND DISCUSSION

Components of antioxidant metabolism and of nitrogen
—In vegetative phase of the bean under stress conditions; it was
found that the biosynthesis of phenolic compounds is favored,
given the high activity of the PAL in the different treatments
(Figure 1).

Analise enzimatica— A quantificagdo da enzima Fenilalanina-
amonio-liase (PAL) foi feita a partir de um extrato enzimatico e
posterior incubagdo a 40 °C durante 30 minutos sendo lida a ab-
sorbancia de 290 nm (Zhang et al., 2000). Para o caso da prolina o
material vegetal foi homogeneizado com écido sulfosalicilico 3 %
sendo a absorbancia lida a 520 nm utilizando tolueno como branco
(Bates et al., 1973). A determinagio da Nitrato reductase (NR) e
do contetido de Nitratos totais foram feitos segundo Harper (1981),
sendo lida a absorbancia de 540 e 410 nm respectivamente num es-
pectrofotometro (RayLihght UV-2100). Todos os reagentes utilizados
foram da mais alta pureza adquiridos da Merck e da Sigma-Aldrich.

Determinacio de Pb** — As determinagdes analiticas
do Pb* foram feitas num Fast Sequential Atomic Absorption
Spectrometer VARIAN — AA240FS no Laboratorio de Ra-
diois6topos do IBCCF da UFRIJ. As plantas foram submetidas
a digestdo com HNO, até dissolugio total e para o Pb** pseu-
dototal no solo foi utilizada a digestdo com agua-régia (HCI +
HNO, - 3:1) através de sistema de digestdo em forno de micro-
ondas (CEM - modelo MDS-2000) sendo o extrato recuperado
em 50 mL (Nieuwenhuize et al., 1991). Os resultados relativos
a determinacdo do Pb*" foram feitos tendo em consideragio
materiais certificados de referéncia (NIST SRM 2709 para solo
e NIST SRM 15732 para o caso das plantas).

Analise estatistica - A informacdo obtida foi processada
através de uma analise de variancia (ANOVA) usando o pacote
estatistico Statgraphic v. 5.1 plus e p<0,05 (Tukey) para a prova
de comparagdo de médias.

RESULTADOS E DISCUSSAO

Componentes do metabolismo antioxidante e do nitro-
génio - Na fase vegetativa do feijdo em condigdes de estresse,
se encontrou que a biossintese de compostos fenolicos ¢é fa-
vorecida, dada pela elevada atividade da PAL nos diferentes
tratamentos (Figura 1).
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FIGURE 1. Phenylalanine-ammonia-lyase activity in bean plant leaves
FIGURA 1. Atividade da Fenilalanina-amonio-liase nas folhas das plantas de feijao.
Different letters indicate significant differences. Tukey’s mean comparison test was used p < 0,05.
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The activity of the enzyme increased over time in the
two evaluations performed, probably as a plant defense me-
chanism of preparation for next phenological phase, because
the synthesis of PAL is associated to the resistance system in
the metabolism of the Phenylpropanoids (Zhang & Liu, 2015).
The treatment of HA-40 mg L' was the one that showed the
highest expression, which would correspond to the greater
synthesis of phenolic compounds with capacity to disrupt
radical formation chains, demonstrating antioxidant pro-
perties (Barros et al., 2016). These experimental evidences
would explain the fact that plants with the addition of HA
did not present any pathogen attack symptoms, as opposed
to control treatment.

Proline concentrations in leaves (Figure 2) are considered
as aresponse to O, Reactive Species (ROS) formed by the metal
presence. The main role of this amino acid synthesis is osmore-
gulation, stabilization of subcellular structures and elimination
of free radicals; processes that generally occur in response to
drought conditions, salinity or pathogen infections (Wu et al.,
2017). In the treatment with the presence of the metal only,
proline synthesis reached values in the two evaluation moments,
up to twice the value of the control treatment, which could in-
dicate a possible transport of the metal to the leaves, inducing
this response mechanism. The fact that the HA treatments
showed lower or similar proline content values indicates that
the concentration of this metabolite in the leaf cells was due to
the metal presence and not to the addition of HA.

A atividade da enzima aumentou ao longo do tempo nas
duas avaliagdes realizadas, provavelmente como um meca-
nismo de defesa de preparacdo da planta para a préxima fase
fenoldgica, pois a sintese da PAL estd interligada ao sistema de
resisténcia do metabolismo dos fenilpropanoides (Zhang y Liu,
2015). O tratamento de AH-40 mg L' foi aquele que mostrou a
maior expressdo, o que se corresponderia com a maior sintese
de compostos fenolicos com capacidade de quebra de cadeias
de formagdo de radicais, demostrando propriedades antioxi-
dantes (Barros et al., 2016). Estas evidencias experimentais
explicariam o fato de que as plantas com a adi¢do dos AH nado
apresentaram nenhum sintoma de ataque de patogenos, ao
contrario do tratamento controle.

As concentragdes de prolina que apresentaram as folhas (Fi-
gura 2) sao consideradas como uma resposta as Espécies Reativas
do O, (EROs) formadas pela presenga do metal. O principal rol
da sintese deste aminoacido € a osmoregulagao, estabilizacdo de
estruturas subcelulares e eliminaggo de radicais livres; processos
que geralmente ocorrem como resposta as condigdes de sequia,
salinidade ou infe¢des por patogenos (Wu et al., 2017). No tra-
tamento com a presenca somente do metal, a sintese de prolina
alcangou valores nos dois momentos de avaliagdo, de até duas vezes
o valor do tratamento controle, o que poderia indicar um possivel
transporte do metal até as folhas, induzindo este mecanismo de
resposta. O fato de que os tratamentos com AH apresentassem
valores de contetido de prolina menores ou semelhantes ao controle,
indica que a concentragdo deste metabolito nas células das folhas
foi devido a presenga do metal e ndo pela adigdo de AH.
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FIGURE 2. Proline content in leaves of bean plants
FIGURA 2. Conteudo de prolina nas folhas das plantas de feijao.
Different letters indicate significant differences. Tukey’s mean comparison test was used p < 0,05.

The decrease of proline content in the treatments with
Pb*-HA compared to the treatment that only contained the
Pb*, is possibly due to a mechanism of chelation of the HA
with the metal, turning it into a non-reactive species in the
cellular interior. Research related to this amino acid (Howla-

A diminui¢do do contetido de prolina nos tratamentos com
Pb**-AH comparado ao tratamento que somente continha o Pb*",
possivelmente se deve a um mecanismo de quelagao dos AH com
o metal, convertendo-o em uma espécie ndo reativa no interior
celular. Pesquisas relacionadas com este aminoacido (Howladar,
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dar, 2014) showed that proline content increased significantly
in response to stress induction by NaCl and CdCl, in bean
plants. Most studies refer to proline synthesized primarily
in the root, but in this work, it was found that it can also
be synthesized in leaves, and that concentrations may vary
depending on the magnitude of stress.

NR activity (Figure 3) showed an increase above control
treatment levels in all treatments corresponding to the addition
of HAs, including those containing Pb*, which were higher
than the one containing only the metal. The foliar addition
of HA may be related to an increase of enzyme synthesis in
leaves and ammonium production in roots, which results in
a greater availability of reduction equivalents and glutama-
te, respectively, necessary compounds for phytochelatins
synthesis, which are peptides that are part of the plant defense
mechanism (Li et al., 2016).

2014) mostraram que o contetido de prolina aumentou significati-
vamente em resposta a indugao de estresse por NaCl e CdCl, em
plantas de feijdo. A maioria dos estudos referem-se a prolina como
sintetizada fundamentalmente na raiz, mas no nosso trabalho foi
encontrado que também pode ser sintetizada nas folhas, e que as
concentragdes podem variar dependendo da magnitude do estresse.
A atividade da NR (Figura 3) mostrou um aumento por cima
dos niveis do tratamento controle em todos os tratamentos co-
rrespondentes a adicdo dos AH, incluindo aqueles que tinham o
Pb*, que foram superiores ao que somente tinha o metal. A adi¢ao
foliar dos AH poderia estar relacionada com um aumento da sin-
tese da enzima nas folhas e da produgédo de amoénio nas raizes, o
que se traduz em uma maior disponibilidade de equivalentes de
redugdo e de glutamato respetivamente, compostos necessarios
para a sintese de fitoquelatinas, que sdo peptideos que formam
parte do mecanismo de defesa das plantas (Li et al., 2016).
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FIGURE 3. NR activity in leaves and roots of bean plants
FIGURA 3. Atividade da NR em folhas e raizes das plantas de feijao.
Different letters indicate significant differences. Tukey’s mean comparison test was used p < 0,05.

Total nitrate content (Table 1) was higher in leaves than
in roots, increasing with the time in the two evaluated organs.
These values are interesting in leaves since it is well known
that NO,™ absorption requires energy, and the transport of

O conteudo total de nitratos (Tabela 1), foi mais elevado nas
folhas que na raiz, aumentando no tempo nos dois 6rgaos avaliados.
Estes valores nas folhas sdo de grande importancia ja que ¢ bem
conhecido que a absorgdo de NO,™ requer energia, € 0 transporte
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this anion inside the cell occurs symport via of protons 2 H:
NO," (Taiz & Zeiger, 2013) which can be generated by ATPase-
like enzymes. In this sense, HA isolates of bovine manure
vermicompost stimulate nitrate uptake, inducing plasma
membrane H*-ATPase activity, presumably by an auxin-like
effect (Martinez-Balmori et al., 2014).

deste anion dentro da célula acontece via simporte de protons 2 H':
NO, (Taizy Zeiger, 2013) os quais podem ser gerados por enzimas
tipo ATPasas. Neste sentido foi demostrado que AH isolados de
vermicomposto de esterco bovino estimulam a absorg¢éo de nitratos,
induzindo a atividade da H'-ATPasa de membrana plasmatica, presu-
mivelmente por um efeito tipo auxina (Martinez-Balmori et al., 2014).

TABLE 1. Total nitrate content (mg NO,* x kg™).
TABELA 1. Contetdo de nitratos totais (mg NO," x kg™)

Treatments FTL (Leaves) TTL (Leaves) FTL (Roots) TTL (Roots)

C 0,19+ 0,0023 ¢ 0,21 +0,0150 E 0,02 £ 0,0051 f 0,03 +£0,0053 E
HA.20 0,21 £0,0123 ¢ 0,25 +0,0230 DE 0,06 +0,0070 d 0,08 = 10,0070 BC
HA.40 0,42 +0,0323 a 0,50+ 0,0178 A 0,13 +0,0021 b 0,09+ 0,0073 B
HA.60 0,38 +0,0245 a 0,35+0,0177C 0,15+0,0023 a 0,03 +£0,0045 E

Pb 0,01 £0,0036d 0,06 +0,0033 F 0,01 £0,0018 g 0,04 +0,0025 E

Pb-HA.20 0,23 £ 0,0129 be 0,26 + 00,0211 DE 0,08 = 0,0068 ¢ 0,06 £ 0,0043 D

Pb-HA .40 0,38 +0,0156 a 0,42 +0,0278 B 0,12 +0,0023 b 0,15+ 0,0075 A

Pb-HA.60 0,28 £0,0112b 0,29 £0,0120 D 0,04 +£0,0015 ¢ 0,07 +0,0023 CD
S.E. 0,0097 0,011 0,0024 0,0031

In each physiological phase evaluated, a nodule count was
carried out in the roots, which increased with the time. The
number of nodules was higher in the treatment corresponding
to 40 mg L' of HA, both with the addition of HA only and
with the interaction Pb*-HA, which corresponds also to the
total nitrate content and enzyme activity NR at the root (Figure
3). Root studies of plants cultivated in soil with the presence
of Pb** showed a nodule formation with reduced mycorrhizal
colonization (Schneider et al., 2016). Results in this work
showed that bean is able to develop nodulation in presence of
100 mg kg! of Pb**, however, future studies of isolation and
identification of root microorganisms under these conditions
will have to be performed.

Pb content — Soil artificially contaminated with Pb** had
a pseudo-metal value of approximately 129,2 mg kg before
sowing (Table 2) and 12,023 mg kg after completion of the
study. This means that bean crop was able to extract approxi-
mately 117 mg kg! of Pb*" from the soil.

Em cada fase fisioldgica avaliada foi feita uma contagem
dos ndédulos formados nas raizes, o qual aumentou no tempo.
O ntimero de noédulos foi maior no tratamento correspondente
a 40 mg L' de AH, tanto na adi¢do somente do AH quando
na interagdo Pb**-AH, o que se corresponde também com o
conteudo de nitratos totais e atividade da enzima NR na raiz
(Figura 3). Estudos a partir de raizes de plantas cultivadas em
solo com presenc¢a de Pb** mostraram formagéo de nodulos com
reducdo da colonizag¢do micorrizica (Schneider et al., 2016). Os
resultados demostram que o feijdo é capaz de desenvolver a
nodula¢io na presenca de 100 mg kg' de Pb*, porém, estudos
futuros de isolamento e identificagdo dos microrganismos das
raizes nestas condigdes terdo que ser feitos.

Conteudo de Pb - O solo contaminado artificialmente com
Pb** apresentou teor pseudototal do metal de aproximadamente
129,2 mg kg antes da plantagdo (Tabela 2) e de 12,023 mg kg
depois de culminado o estudo. Isto significa que o cultivar de feijdo
foi capaz de extrair do solo aproximadamente 117 mg kg de Pb*".

TABLE 2. Values (mg kg') of pseudototal and bioavailable Pb** in the soil
TABELA 2. Teores (mg kg™') pseudototais e biodisponiveis de Pb?* no solo

Soil after completion

Soil before sowing  Rhizosphere soil / FTL ~ Rhizosphere soil / TTL
of the crop cycle
B PST B PST B PST B PST

C 0,268 32,168 4,285 28,989 4,185 26,374 0,003 0,021
C-HA.20 4,625 27,685 8,997 21,515
C-HA.40 12,895* 17,935* 11,234%* 16,495*
C-HA.60 7,029 24,393 7,788 22,981

Pb 17,536 129,164 17,048 110,765 21,966 106,365 1,279 12,023
Pb-HA.20 22,597 105,438 26,610 99,637
Pb-HA.40 28,247* 98,885* 36,929* 91,195*
Pb-HA.60 23,107 104,725 25,157 101, 515

* It indicates significant differences in P < 0,05 for HA treatments when compared to control treatment and Pb** treatments. B: Bioavailable, PST: Pseudototal

Under natural conditions, soil Pb*" content values above
100 mg kg!' have been reported only for some soils in Japan,
Denmark and a few other countries due to the impact of conta-

Em condi¢des naturais valores do contetido de Pb** no solo
acima de 100 mg kg' tém sido reportado somente para alguns
solos no Japao, Dinamarca e outros poucos paises por impacto
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mination (Nakata et al., 2017). The content of Pb** in different
parts of bean plant can be observed in the Table 3. Metal values
detected in root were higher than those of the aerial part, being
the treatment with presence of HA-40 mg L', the one where
the greatest extraction of the metal was shown. Studies by
Venkatachalam ez al. (2017), state that Pb** tolerant plant species
accumulate higher concentrations in the roots. Under the condi-
tions of this experiment, bean plants did not prevent the metal
absorption, but limited their translocation to the aerial part,
which could be a strategy to obtain the tolerance to the metal.

da contaminag¢do (Nakata et al., 2017). O conteudo de Pb*" nas
diferentes partes das plantas de feijdo ¢ demonstrado na Tabela
3. Os teores do metal detectados na raiz foram maiores que os da
parte aérea sendo os tratamentos com a presenca do AH-40 mg
L' aquele onde se mostrou a maior extragao do metal. Estudos de
Venkatachalam et al. (2017), afirmam que as espécies de plantas
tolerantes ao Pb?* acumulam maiores concentragdes nas raizes. Em
nossas condigoes as plantas de feijao ndo evitaram a absor¢ao do
metal, mas limitaram sua translocagdo para a parte aérea, o que
poderia ser uma estratégia para conseguir a tolerancia ao metal.

TABLE 3. Total values of Pb?** (mg kg") in the different organs of plants
TABELA 3. Teores (mg kg™!) totais do Pb?** nos diferentes 6rgios das plantas

Leaves Roots Seeds
FTL TTL FTL TTL

C 0,491 1,894 1,934 2,483 nd
C-HA.20 1,875 3,381 2,454 4,794 nd
C-HA .40 4,967* 5,002 8,369* 10,032* nd
C-HA.60 3,174 4914 3,637 4,300 nd

Pb 6,498 8,016 11,626 12,372 0,01
Pb-HA.20 5,128 8,154 15,546 17,358 nd
Pb-HA.40 11,945* 15,496* 16,401 19,253* nd
Pb-HA.60 9,229 10,583 14,581 15,675 nd

* It indicates significant differences in P < 0,05 for HA treatments when compared to the control treatment and with treatments of Pb*', nd: not detected

There was not metal detected in seeds, except for a mini-
mum amount found in the treatment that only contained Pb*".
These results are of great importance considering that beans
are widely consumed in Latin American countries, especially
by low income social classes, constituting the main source of
proteins, minerals, vitamins and fibres, due to their lower cost
in relation to those of animal origin.

CONCLUSIONS

+ All treatments corresponding to the interaction Pb**-HA
showed a variation in the enzymatic activity depending on
the concentration under study and the physiological phase
of the culture. For the case of PAL and N metabolism, the
trend was increasing over time, as a positive response of
HA in the formation of phenolic compounds that can give a
biological resistance and absorption of nitrates, fundamental
components of amino acids, proteins and synthesis of the
oxidative stress enzymes themselves.

» The concentration of 40 mg L' of HA was the one that showed
the best response to stress, being able to be used as organic
biostimulant and possible activator of adaptation mechanisms,
favoring also the greater absorption of the soil metal.

Na semente ndo foi detectado o metal, a exce¢do de uma
minima quantidade encontrada no tratamento que somente
continha o Pb*, resultados estes de grande importancia tendo
em conta que o feijdo é consumido amplamente nos paises de
Latinoamérica, especialmente nas classes sociais de menor
poder aquisitivo, constituindo a principal fonte de proteinas,
minerais, vitaminas ¢ fibras, devido a seu menor custo em
relacdo a de origem animal.

CONCLUSOES

» Todos os tratamentos correspondentes a interagdo Pb*-AH
mostraram uma variagao na atividade enzimatica dependendo
da concentragdo em estudo e da fase fisiologica da cultura. Para o
caso da PAL e o metabolismo do N, a tendéncia foi 0 aumento no
tempo, como uma resposta positiva dos AH na formagao de com-
postos fendlicos que possam dar uma resisténcia biologica e, a
absor¢ao de nitratos, componentes fundamentais de aminoacidos,
proteinas e sintese das proprias enzimas de estresse oxidativo.

* A concentragio de 40 mg L' de AH foi a que mostrou a melhor
resposta ao estresse, podendo-se utilizar como bioestimulante
organico e possivel ativador de mecanismos de adaptagdo,
propiciando também a maior absor¢@o do metal no solo.
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