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ABSTRACT

An increase in the content of heavy metals in the 
environment causes many socio-environmental problems, and 
phytoremediation is a tool to reduce the environmental impact caused 
by these elements, with prospects for the use of forage grasses. 
This group of plants features characteristics for the environment-
decontamination process, but further studies are necessary about 
the damages caused by heavy metals on the uptake of cationic 
micronutrients and on the antioxidant system, which are essential 
processes for the growth of plants in contaminated sites. Exposure of 
forage grasses to heavy metals results in a lower content of Mn in the 
shoots of almost all plants, but the contents of Cu, Fe, and Zn vary 
according to heavy metal and forage grass. Activities of enzymes 
superoxide dismutase (SOD), ascorbate peroxidase (APX), catalase 
(CAT), and guaiacol peroxidase (GPX) usually increase to reduce 
the oxidative stress induced by heavy metals, but when the content of 
any of these metals is high, enzymatic activity is decreased. Scale of 
toxicity of heavy metals to forage grasses can be described as: Pb ≈ 
Cr > Cd ≈ As > Zn ≈ Cu ≈ Ni > Mn.

Key words: biomass, nutritional status, oxidative stress, 
environmental pollution.

RESUMO

O aumento da concentração de metais pesados no 
ambiente provoca muitos problemas sócioambientais, de forma 
que a fitorremediação é uma ferramenta para diminuir o impacto 
ambiental causado por metais pesados, com perspectivas para o 
uso de gramíneas forrageiras. Esse grupo de plantas apresenta 
características desejáveis para o processo de descontaminação 
do ambiente, mas é necessária a realização de mais estudos 
acerca dos danos causados por metais pesados na absorção de 
micronutrientes catiônicos e no sistema antioxidante, que são 
processos fundamentais para o crescimento de plantas em locais 
contaminados. A exposição das gramíneas forrageiras aos metais 

pesados diminui a concentração de Mn na parte aérea de quase 
todas as plantas, mas as concentrações de Cu, Fe e Zn variam 
em função do metal pesado e da gramínea. As atividades das 
enzimas superóxido dismutase (SOD), ascorbato peroxidase 
(APX), catalase (CAT) e guaiacol peroxidase (GPX) quase sempre 
aumentam para diminuir o estresse oxidativo induzido pelos 
metais pesados, mas, quando a concentração do metal é alta, a 
atividade enzimática diminui. A escala de toxicidade dos metais 
pesados para as gramíneas forrageiras pode ser descrita como: 
Pb ≈ Cr > Cd ≈ As > Zn ≈ Cu ≈ Ni > Mn.

Palavras-chave: biomassa, estado nutricional, estresse oxidativo, 
poluição ambiental.

INTRODUCTION

The content of heavy metals1 in the 
environment has increased considerably in recent 
years due to the improper discard of industrial waste, 
to intensification of agricultural activities, and to the 
expansion of urban areas, resulting in serious socio-
environmental problems (ZALEWSKA, 2012). In 
most cases, uptake of metals causes a reduction of 
biomass production by plants, but in extreme cases 
in which the content of these metals is too high, the 
area may become desertified (KOPTSIK, 2014). This 
situation can also lead to biodiversity decline by 
the selection of the most resistant plants (ZHANG 
et al., 2014a). In addition, cultivation of plants in 
contaminated areas promotes the uptake of heavy 
metals, which, when consumed by humans, may 
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cause numerous health problems, such as emphysema, 
gastric dysfunction, and cancer (ZALEWSKA, 2012; 
LOU et al., 2015).

The presence of heavy metals in  soil 
solution or in  nutrient solution firstly modifies the 
uptake of nutrients by plants, especially of cationic 
micronutrients Cu2+, Fe2+, Mn2+, and Zn2+ due to 
their competition for the same uptake sites located 
in the roots (ZHANG et al., 2014a,b). After they 
are absorbed, heavy metals can alter the process 
of transfer of electrons existing in cell organelles, 
providing favorable conditions to the generation of 
reactive-oxygen species (ROS), which cause lipid 
peroxidation of  membranes2 in all plant tissues 
(FARMER & MUELLER, 2013). Alteration in the 
process of uptake of micronutrients associated with 
the generation of ROS, such as hydroxyl (OH-), 
superoxide (O2

-), and singlet oxygen (1O2), which are 
the most reactive ROS present in the cell medium, 
are within the main factors resulting in decreased 
biomass production by plants (GILL & TUTEJA, 
2010; ZHANG et al., 2014a,b). Thus, it is essential 
that plants exposed to heavy metals have an efficient 
antioxidant system so as to lessen the injuries caused 
by the ROS (GRATÃO et al., 2005; LUO et al., 
2011). Plant antioxidant system is composed of non-
enzymatic and enzymatic antioxidants, and enzymes 
superoxide dismutase (SOD), guaiacol peroxidase 
(GPX), catalase (CAT) and ascorbate peroxidase 
(APX) are among the main enzymes involved in the 
ROS-elimination process (GILL & TUTEJA, 2010). 
Consequently, the activity of these enzymes can be 
used to identify plants presenting efficient antioxidant 
systems to be used in environments contaminated by 
heavy metals (LI et al., 2012). The use of plants able 
to uptake and accumulate large amounts of heavy 
metals (hyperaccumulator plants) in short periods is 
a very promising alternative to reduce the content of 
heavy metals and mitigate the damage caused by these 
elements in contaminated environments, although 
these plants usually have low biomass production 
(KOPTSIK, 2014). 

In this way, the use of forage grasses for 
phytoremediation3 of heavy metals has increased 
considerably in recent years, as these plants show 
rapid growth, an extensive root system (which 
increases the uptake of heavy metals), and elevated 
dry mass production (CHEN et al., 2012; GILABEL 
et al., 2014; LAMBRECHTS et al., 2014). However, 
few studies with these plants have reported the effect 
of heavy metals on the uptake of micronutrients 
and on the activity of enzymes of the antioxidant 
system, which are essential processes for the growth 

of plants, especially in contaminated environments 
(KOPITTKE et al., 2010a; LI et al., 2012). Therefore, 
the objective of this review was to identify the 
alterations caused by distinct heavy metals in the 
content of cationic micronutrients, in the activity of 
antioxidant enzymes, and in t biomass production of 
forage grass, and to evaluate the implication of these 
alterations for phytoremediation.

Importance of cationic micronutrients for plant 
growth

The Cu, Fe, Mn, and Zn are essential for 
the normal growth of plants because of the roles they 
play. Copper participates in the electron transport in 
photosystems I and II and in the fixation of N2, among 
other functions. Iron is a component of ferredoxin 
and is involved in the reduction of nitrate (NO3

-) 
and sulfate (SO4

2-), as well as in energy production 
(NADP). Manganese participates in the photolysis 
of water and is involved in redox processes in the 
transport system of electrons of photosynthesis. Zinc 
participates in enzymes that work in the fixation of C 
and in the synthesis of proteins, among other activities 
(MARSCHNER, 2012). In view of these functions, it 
is evident that the alterations brought about by heavy 
metals in the Cu, Fe, Mn, and Zn uptake will have an 
impact on plant growth (BONNET et al., 2000).

Relationship between heavy metals and cationic 
micronutrients in forage grasses

At first, it is observed that the alteration 
in the content of the micronutrients Cu, Fe, and 
Zn in the tissues of the shoots of forage grasses 
is dependent on the studied heavy metals and 
plant species (Table 1). It can be thus noted that 
the concentrations of the cationic micronutrients 
of the Brachiaria decumbens (Syn. Urochloa 
decumbens) exposed to Cd decreased (KOPITTKE 
et al., 2010a; TOLENTINO et al., 2014), whereas 
the concentrations of Fe and Zn increased in the 
cultivation of Panicum maximum (RABÊLO, 2014) 
and Pennisetum americanum × P. purpureum 
(ZHANG et al., 2014b) exposed to Cd. Therefore, 
this alteration depends on the tolerance of plants 
to the heavy metal and on the expression of genes 
that code proteins specialized in transporting heavy 
metals (nutrients or not) from roots to shoots (LUX 
et al., 2011); this suggests that Panicum maximum 
and Pennisetum americanum × P. purpureum are 
more tolerant4 to the damage caused by the metals 
than Brachiaria decumbens. This tolerance can be 
attributed to the greater detoxification capacity of 
metals (e.g., higher synthesis of glutathione - GSH, 
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phytochelatins and amino acids, and high activity 
of the antioxidant system) (GRATÃO et al., 2005; 
NOCTOR et al., 2011).

Despite the variation observed in the content 
of the cationic micronutrients Cu, Fe, and Zn in the 
shoots of the forage grasses grown in the presence of 
heavy metals, the content of Mn decreased in almost 
all situations (Table 1). This result occurs because 
the main mechanism of ion-root contact5 by Mn is 
root interception, i.e., the lower root growth observed 
in conditions with supply of heavy metals limits the 
uptake of Mn and consequently the content of the 
micronutrient in the shoots of the plants is reduced 
(KOPITTKE et al., 2007, 2010a,c; MARSCHNER, 
2012). This fact; however, is apparently not a problem 
for the use of these plants in phytoremediation 
processes, since they develop normally within a 
broad range of Mn concentrations in the shoots that 
varies from 40 to 200mg kg-1 dry matter (WERNER 
et al., 1996). However, the adequate content ranges 

of Cu (4-12mg kg-1 dry matter) and Zn (20-50mg kg-1 
dry mass) for the growth of forage grasses are narrow 
when compared with the range of Mn (WERNER 
et al., 1996). In this regard, forage grasses whose 
contents of Cu and Zn are reduced when cultivated 
in the presence of toxic elements like Cd and Pb 
may have their growth considerably limited and be 
inefficient if used in the process of phytoremediation 
of environments with extremely high contents of 
heavy metals. It should be mentioned that Cu and Zn 
are components of metalloenzymes6 and are involved 
in oxidation-reduction processes, in detoxification 
of O2

-, and in protein and lignin syntheses, i.e., in 
processes essential to plants exposed to heavy metals 
(MARSCHNER, 2012; RIBERA-FONSECA et al., 
2013). Regarding Fe, the appropriate content range 
for forage grasses (50-250mg kg-1 dry matter) is 
wider than the ranges of Cu and Zn, but a decrease in 
the content of this nutrient affects the photosynthesis 
(WERNER et al., 1996; MARSCHNER, 2012).

Table 1 - Effects of heavy metals on the micronutrient content and activity of antioxidant enzymes in forage grasses. 
 

Plant species GC1 Rate4 HM5 Cu Fe Mn Zn Reference 

Avena sativa soil 39.95 Ni ↑ ↑ ↓ - DAN et al. (2008) 
Brachiaria decumbens NS2 1.0 Cd ↓ ↓ ↓ ↓ TOLENTINO et al. (2014) 
Brachiaria decumbens NS - Cd - - ↓ - KOPITTKE et al. (2010a) 
Brachiaria decumbens NS - Ni - - ↓ - KOPITTKE et al. (2010c) 
Brachiaria decumbens NS - Ni - ↓ - - KOPITTKE et al. (2008) 
Brachiaria decumbens NS - Pb ↓ ↓ ↓ ↓ KOPITTKE et al. (2007) 
Hybrid3 soil 0.88 Cd ↑ - ↓ ↑ ZHANG et al. (2014a) 
Hybrid3 soil 0.88 Cd ↑ ↑ ↓ ↑ ZHANG et al. (2014b) 
Lolium perenne  soil 0.44 Cd - - - ↑ LAMBRECHTS et al. (2014) 
Lolium perenne  NS 20.00 Zn - ↓ ↑ ↑ MONNET et al. (2005) 
Panicum maximum NS 2.00 Cd - ↑6 ↓6 ↑6 RABÊLO (2014) 
Panicum mosambicense NS - Cu ↓ ↓ ↓ ↓ KOPITTKE et al. (2009) 
 

Plant species GC1 Rate4 HM5 APX7 CAT8 GPX9 SOD10 Reference 
Avena sativa NS 1.37 Cd - - ↑ - ASTOLFI et al. (2004) 
Avena strigosa NS 0.01 Cd ↓ - - ↑ URAGUCHI et al. (2009) 
Festuca arundinacea soil 3.06 Ni ↓ ↑ ↑ ↓ MIRZAHOSSEINI et al. (2014) 
Festuca arundinacea NS 4.82 Pb ↑ - ↑ - HU et al. (2015) 
Lolium perenne NS 0.50 Cd ↑ ↑ ↑ ↑ LUO et al. (2011) 
Lolium perenne NS 0.50 Cd - ↑ - ↑ LOU et al. (2015) 
Lolium perenne NS 0.75 Mn - - - ↑ RIBERA-FONSECA et al. (2013) 
Lolium perenne NS 3.20 Pb - ↓ - ↓ LI et al. (2012) 
Lolium perenne NS 50.00 Zn ↑ - - ↑ BONNET et al. (2000) 
Panicum maximum NS 2.00 Cd ↑6 - - - RABÊLO (2014) 
Vetiveria zizanoides  soil 0.35  Cd  - ↑ - ↑ WEIHONG et al. (2009) 
Vetiveria zizanoides soil 1.22 Zn - ↑ - ↑ WEIHONG et al. (2009) 

 

1GC = growth conditions. 2NS = nutrient solution. 3Pennisetum americanum × P. purpureum. 4mmol L-1 for nutrient solution or mmol kg-1 
for soil. 5HM = heavy metal. 6Results obtained in the second grass growth period. 7APX - ascorbate peroxidase. 8CAT - catalase. 9GPX - 
guaiacol peroxidase. 10SOD - superoxide dismutase. 
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Interrelationship between heavy metals and the 
antioxidant system of forage grasses

Plants normally produce ROS because 
of their photo-respiratory nature, but under normal 
growth conditions, there is a balance between the 
production of ROS and antioxidants (GILL & 
TUTEJA, 2010). In the presence of heavy metals, 
this balance is broken, with the ROS (oxidative 
stress) predominating in the cell medium, which may 
result in damages to proteins, lipid, carbohydrates, 
DNA, and consequently cell death (GRATÃO et al., 
2005; FARMER & MUELLER, 2013). Magnitude 
of damages varies according to the heavy metal and 
tolerance of plant species (WEIHONG et al., 2009). 
This occurs because some heavy metals are more toxic 
to plants than others, due to components to which they 
bind (metals that bind to O-rich compounds are less 
toxic than metals that bind to N-rich compounds) and 
to the molecular processes in which they participate 
(production of reactive species by autoxidation, 
displacement of essential metal ions to biomolecules, 
and blocking of essential functional groups), with Pb 
and Hg normally being more toxic than Ni and Zn 
for most plants (NIEBOER & RICHARDSON, 1980; 
SCHUTZENDUBEL & POLLE, 2002; KOPITTKE 
et al., 2010b,c). For instance (Table 1), the activities 
of enzymes APX, CAT, GPX, and SOD from plants 
exposed to Zn increased, but the activities of enzymes 
CAT and SOD of forage grasses exposed to Pb were 
reduced (BONNET et al., 2000; WEIHONG et al., 
2009; LI et al., 2012). This fact demonstrates that the 
generation of ROS and the inactivation of enzymes 
in plants exposed to Pb are greater than in plants 
exposed to Zn (HU et al., 2015).

In most cases, the activity of enzymes 
from the antioxidant system increases as an attempt to 
combat the ROS, but when the content of the heavy 
metal in the plant tissue or the generation of ROS is too 
high, enzymatic activity may be reduced (GRATÃO et 
al., 2005; HU et al., 2015). The lower enzymatic activity 
may be caused by the oxidation of the thiol groups7 
from the enzymes due to the increase in the generation 
of hydrogen peroxide (H2O2) (GILL & TUTEJA, 
2010). In Avena strigosa plants exposed to Cd, activity 
of SOD increased, while the CAT activity declined 
(Table 1). This may indicate that SOD was efficient 
in the dismutation of O2

-, but H2O2 generated in the 
dismutation of O2

- deactivated CAT. It is noteworthy 
that SOD acts in the dismutation of O2

- radicals; 
whereas CAT, GPX, and APX act in the detoxification 
of H2O2 (GILL & TUTEJA, 2010). Thus, it is essential 
that plants established in environments contaminated 
by heavy metals have an efficient antioxidant system 

(GRATÃO et al., 2005; HU et al., 2015). Forage 
grasses have distinct degrees of tolerance to damages 
caused by heavy metals, and increased activity of 
antioxidant enzymes can be considered a desirable 
evolutionary process for the use of forage grasses in 
the phytoremediation process (WEIHONG et al., 2009; 
KOPTSIK, 2014; MIRZAHOSSEINI et al., 2014; HU 
et al., 2015; LOU et al., 2015).

The results displayed in table 1 showed that 
there is a clear interaction between the heavy metals and 
the species of forage grasses that can change the efficiency 
of the antioxidant system in plants (URAGUCHI et al., 
2009; LI et al., 2012; MIRZAHOSSEINI et al., 2014). 
However, few studies have been conducted on this 
matter, especially considering that the alteration of the 
antioxidant system is also associated with the uptake of 
cationic micronutrients, since isoforms8 of SOD (Cu/
Zn-SOD, Fe-SOD, and Mn-SOD) are also activated by 
the enzyme cofactors Cu, Fe, Mn, and Zn (GRATÃO 
et al., 2005; GILL & TUTEJA, 2010). As in the case of 
SOD, there are also isoforms of CAT, APX, and GPX 
(GILL & TUTEJA, 2010). Transcription of genes that 
code SOD isoforms in Lolium perenne plants increased 
when they were exposed to Pb (LI et al., 2012) and to 
Mn (RIBERA-FONSECA et al., 2013). However, in 
Panicum maximum grown with Cd, no alterations were 
identified in SOD and CAT isoforms (RABÊLO, 2014). 
These results demonstrated once again the specificity 
between heavy metals and plant species, indicating the 
need for research on this subject to identify the responses 
of the antioxidant system of forage grasses cultivated 
under the presence of heavy metals (nutrients or not).

Effect of heavy metals on biomass production and 
implications for phytoremediation

In addition to the alterations in the nutrient 
uptake process and in the antioxidant system of 
forage grasses, other damages can be caused by heavy 
metals, such as alterations in the metabolism of amino 
acids, in the apparatus of the photosynthetic system, 
in syntheses of chlorophyll and carotenoids, and in 
cell structure (LUO et al., 2011; LOU et al., 2015). 
Moreover, the damages caused depend on the toxicity 
of the heavy metal and on the plant’s ability to tolerate 
this toxicity (NIEBOER & RICHARDSON, 1980; 
SCHUTZENDUBEL & POLLE, 2002; ZHANG et al., 
2014b). Toxicity caused by the heavy metal, in turn, is 
dependent on the available concentration of this metal in 
the soil or in the nutrient solution, which can be changed 
by t pH and by organic matter content of the medium, 
among other factors (ZENG et al., 2011). In general, 
heavy metals have a negative correlation with the pH 
of the medium and with the organic matter content, 
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such that the availability of these elements is reduced 
with an increase in pH and organic matter (ZENG et al., 
2011; MARSCHNER, 2012). Table 2 shows that all the 
studied grasses had a reduction in biomass production, 
irrespectively of the heavy metal supplied; however, the 
lowest reductions of biomass occurred in conditions of 
higher pH and higher organic matter content.

It should be emphasized that in addition to the 
afore-mentioned factors (pH and organic matter content) 
that control the bioavailability of the heavy metal in the 
solution of the medium, some factors inherent to the 
heavy metal (e.g., compounds to which they bind and 

molecular processes in which they participate) and the 
plant (e.g., low concentration of GSH) may result in 
lower biomass production (KOPTSIK, 2014). As can be 
seen in table 2, exposure of plants of the genus Avena to 
Cr and Pb reduced biomass production by almost 100%, 
i.e., there was practically no plant growth (ANDRADE et 
al., 2009; WYSZKOWSKI & RADZIEMSKA, 2013). 
These two elements deactivated enzymes linked to the 
synthesis or restitution of GSH, which is considered 
the most active non-enzymatic antioxidant in plants 
exposed to metals, decreasing biomass production by 
plants (NOCTOR et al., 2011).

 

Table 2 - Effects of heavy metals on biomass production by forage grasses. 
 

Plant species GC1 pH7 OM9 HM10 Rate11 Biomass Reference 

Avena sativa  NS2 -  Cd 1.37 ↓ 30% ASTOLFI et al. (2004) 
Avena sativa  soil 7.6 25.5 Cd 1.37 ↓ 45% ASTOLFI et al. (2011) 
Avena sativa  soil 4.5 13.5 Cr 2.88 ↓ 98% WYSZKOWSKI & RADZIEMSKA (2013) 
Avena sativa  soil3 6.5 275.8 Ni 39.95 ↓ 71% DAN et al. (2008) 
Avena strigosa  NS 5.1  Cd 0.01 ↓ 30% URAGUCHI et al. (2009) 
Avena strigosa  soil4 7.6 25.5 Pb - ↓ 98% ANDRADE et al. (2009) 
Brachiaria arrecta NS 5.0  As 0.05 ↓ 39% ARGENTA et al. (2013) 
Brachiaria decumbens NS 4.2  Ni - ↓ 50% KOPITTKE et al. (2008) 
Brachiaria decumbens NS 4.2  Cd - ↓ 50% KOPITTKE et al. (2010a) 
Brachiaria decumbens  NS 4.2  Pb - ↓ 50% KOPITTKE et al. (2007) 
Festuca arundinacea  NS 5.5  Cd 0.17 ↓ 82% SOLEIMANI et al. (2010) 
Festuca arundinacea soil - - Ni 3.06 ↓ 59% MIRZAHOSSEINI et al. (2014) 
Festuca pratensis  NS 5.5  Cd 0.17 ↓ 73% SOLEIMANI et al. (2010) 
Hybrid5 soil 6.0 39.0 Cd 0.88 ↓ 85% ZHANG et al. (2014a) 
Hybrid5 soil 6.0 39.0 Cd 0.88 ↓ 46% ZHANG et al. (2014b) 
Lolium perenne  soil - - Cd 0.44 ↓ 57% LAMBRECHTS et al. (2014) 
Lolium perenne NS -  Zn 50.00 ↓ 86% BONNET et al. (2000) 
Lolium perenne  soil - - Zn 1.50 ↓ 64% LAMBRECHTS et al. (2014) 
Lolium perenne NS -  Zn 20.00 ↓ 52% MONNET et al. (2005) 
Lolium perenne  soil6 5.78 9.7 Zn 6.11 ↓ 31% ZALEWSKA (2012) 
Panicum aquaticum  NS -  As 2.00 ↓ 87% PIRES et al. (2013) 
Panicum maximum NS -  Cd 1.86 ↓ 65%12 RABÊLO (2014) 
Panicum maximum NS -  Cu 1.00 ↓ 38%13 GILABEL et al. (2014) 
Panicum mosambicense  NS 4.2  Cu - ↓ 50% KOPITTKE et al. (2009) 
Panicum mosambicense  NS 4.2  Ni - ↓ 50% KOPITTKE et al. (2010c) 
Panicum virgatum  NS 5.0  Cd 0.02 ↓ 82% CHEN et al. (2012) 
Panicum virgatum  NS 5.0  Cr 0.04 ↓ 55% CHEN et al. (2012) 
Panicum virgatum  NS 5.0  Zn 0.45 ↓ 89% CHEN et al. (2012) 
Paspalum notatum  soil4 7.6 25.5 Pb - ↓ 92% ANDRADE et al. (2009) 
Paspalum notatum  NS -  Zn 1.50 ↓ 73% SCHUERGER et al. (2003) 
Sorghum bicolor soil 7.0 - Zn 32.11 ↓ 59% MIRSHEKALI et al. (2012) 
Sorghum sudanense  NS 5.0  Cu 0.05 ↓ 22% WEI et al. (2008) 
Vetiveria zizanoides soil 7.8 11.8 Cd 0.35 ↓ 14% WEIHONG et al. (2009) 
Vetiveria zizanoides soil 7.8 11.8 Zn 1.22  ↓ 14% WEIHONG et al. (2009) 

 

1GC = growth conditions. 2NS = nutrient solution. 3Dates of Till Clay soil. 4Dates of soil 4. 5Pennisetum americanum × P. purpureum. 
6Dates of sand soil. 7pH in CaCl2. 8pH in KCl. 9OM = organic matter (g kg-1 soil). 10HM = heavy metal. 11mmol L-1 for nutrient solution or 
mmol kg-1 for soil. 12Result obtained from the second growth period. 13Result obtained from the grass growth period. 
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Exposure of some genera of forage grasses 
to Cd and As caused reductions in dry mass production 
of over 80% (SOLEIMANI et al., 2010; CHEN et 
al., 2012; PIRES et al., 2013; ZHANG et al., 2014a). 
These metals also deactivate enzymes bound to the 
synthesis or restoration of GSH, but for some plants 
groups this occurs less effectively compared with 
Cr and Pb (NOCTOR et al., 2011). However, some 
species of forage grasses showed a less than 50% 
decrease in biomass production when exposed to Cd 
(Table 2). This result demonstrates that besides the 
factors controlling the bioavailability of heavy metals, 
some genera of forage grasses are more tolerant than 
others, and the use of the most tolerant grasses for 
the phytoremediation of heavy metals is viable in the 
current scenario (ZHANG et al., 2014a, b). 

Comparatively, the exposure of the forage 
grasses to Cu, Mn, Ni, and Zn caused less damage than 
Pb, Cr, Cd, and As, if it is considered that the supplied 
levels of these micronutrients were higher than those 
of the toxic elements (Table 2). Thus, it should be 
stressed that plants that produce more biomass allow 
the extraction of heavy metals in contaminated 
environments to occur more efficiently, because the 
uptake of the contaminant is higher, and consequently 
the decontamination of the environment is faster. 
Reduction of biomass production by plants increases 
the time and costs necessary to decontaminate 
environments with high contents of heavy metals 
(KOPTSIK, 2014).

CONCLUSION

For most crops, the toxicity scale of the 
heavy metal is in the following order (from most to 
least toxic): Pb ≈ Hg > Cu > Cd ≈ As > Co ≈ Ni ≈ Zn 
> Mn (KOPITTKE et al., 2010b). However, forage 
grasses show specificity in relation to heavy metals, 
and thus the following toxicity scale can be suggested 
(from most to least toxic) for this group of plants: Pb 
≈ Cr > Cd ≈ As > Zn ≈ Cu ≈ Ni > Mn.

The exposure of the forage grasses to the 
heavy metals resulted in lower biomass production, 
but this plants can contribute to the process of 
phytoremediation of contaminated soils as they have 
higher biomass production than other plant species 
considered heavy metal hyperaccumulators (e.g., 
Noccaea caerulescens and Arenaria orbiculata), 
even with the reported productivity losses; in this 
regard, Panicum maximum, Avena sativa, and 
Lolium perenne stood out for being more tolerant to 
heavy metals than the other evaluated species.

INFORMAL   REPORT

1- Heavy metals or trace elements are the commonly used 
terms for the chemical elements located in the transition group 
of the periodic table whose density is ≥ 5g cm-3. However, for 
the study of heavy metals in plants, density is not considered 
(APPENROTH, 2010).
2- Lipid peroxidation is the process in which the ROS “attack” 
the polyunsaturated fatty acids of the phospholipids from the 
cell membranes, disintegrating them and allowing the entry of 
these species into the intracellular structures, which leads to the 
generation of toxic conditions to the plant development (FARMER 
& MUELLER, 2013).
3- The term phytoremediation refers to the use of plants able to 
extract dangerous substances from the soil or transform them into 
safe metabolites to the environment (KOPTSIK, 2014). 
4- The term tolerant is utilized to refer to the inherent or acquired 
ability of a plant to withstand alterations caused by toxic elements 
without significant impairment to its production (KOPTSIK, 2014). 
5- For the ion to be absorbed, it must have contact with the roots 
by one of the following processes: mass flow and root diffusion or 
interception (as the root grows, the ions of the soil liquid and solid 
phases are in contact) (MARSCHNER, 2012). 
6- Enzymes that employ metal ions as a cofactor to reduce the 
activation energy in the breaking of chemical bonds [Adapted from 
GRATÃO et al. (2005)]. 
7- Thiol is an organosulfur compound that contains an SH group 
bound to a carbon atom. Compounds from this group participate 
in redox reactions and can form strong complexes with metal ions 
[Adapted from NOCTOR et al. (2011)]. 
8- Isoforms are distinct forms of a same protein that are transcribed 
by distinct genes or alternative processes [Adapted from GILL & 
TUTEJA (2010)]. 
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