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ABSTRACT

Pollution with heavy metals (chromium (Cr), in particular) 
has become a major global issue, and their participation 
in the soils needs to be addressed. Thus, it is essential 
using species tolerant to toxic metals in reforestation pro-
grams to restore the environment’s ecological conditions. 
Therefore, the objective was to evaluate tolerance to Cr in 
H. chrysotrichus seedlings, based on the effects of Cr on 
physiological, biochemical and morphological variables. 
H. chrysotrichus seedlings were cultivated at five differ-
ent Cr concentrations (0, 50, 100, 150 and 200 mg L-1). 
Shoot and root morphological variables, photosynthetic 
variables, photosynthetic pigments, hydrogen peroxide 
concentration, lipid peroxidation, guaiacol peroxidase 
(POD) and superoxide dismutase (SOD) enzymes were 
assessed. The highest Cr concentrations had negative ef-
fect on most of the assessed variables. On the other hand, 
there was not significant difference between treatments 
concerning shoot height, main root, total length and mean 
root diameter. SOD and POD were activated in the roots 
and the highest MDA values were observed at the highest 
Cr concentrations. Thus, the assessed species tolerated Cr 
concentrations up to 100 mg L-1 Cr, which may indicate its 
tolerance to this metal and its likely use for the phytoreme-
diation of Cr-polluted soils.

Keywords: antioxidant enzymes; chromium tolerance; 
contaminated áreas; morphophysiological variables; 
oxidative stress.
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INTRODUCTION

Heavy metal (HM) pollution caused by rapid industrial-
ization and mismanagement of industrial effluents is among 
the major global environmental problems, and results in in-
creased HM pollution in agricultural soils (Wertonge et al., 
2024). Thus, HM generally enter the food chain through 
their absorption by, and accumulation in plants. Such a route 
takes them to end consumers and, consequently, it leads to 
several health issues (Tariq et al., 2024). We can highlight 
chromium (Cr) as an extremely toxic element among these 
metals, since it enters the environment through natural 
sources such as chromite and volcanoes, as well as through 
human activities such as tannery, mining, electro-electronic 
waste and atmospheric deposition (Singh et al., 2020).

Thus, chromium deposition in agricultural soils is a 
global concern, since this element is not biodegradable 
and has negative effect on seed germination, root and 
shoot growth, in addition to affect photosynthetic pigments 
and plant biomass, a fact that reduces crop yield (Shiyab, 
2019). Chromium is classified as non-essential metal for 
plants, as it has no biological function. In addition, Cr 
excess causes oxidative stress in different plant tissues by 
wilting the crowns, leading to chlorosis in young leaves, 
changing root morphology and increasing reactive oxygen 
species (ROS) production (Kumar et al., 2019). Increased 
ROS levels also cause protein and lipid oxidation, damage 
in nucleic acid and enzyme inhibition, which, eventually, 
leads to cell death (Singh et al., 2020).

However, plants tolerant to excess of metals may pres-
ent some defense mechanisms, such as inducing the activ-
ity of antioxidant enzymes, such as superoxide dismutase 
(SOD) and guaiacol peroxidase (POD) in plant tissues as 
an attempt to reestablish homeostasis within these plants 
(Aguilar et al., 2023).

Given the harmful effect of heavy metals on the plant 
component, identifying plant species tolerant to this 
contamination, or the accumulators of these metals, helps 
revegetation processes and even the decontamination of 
these places (Yan et al., 2020). Thus, understanding the 
mechanisms developed by tolerant and resistant plants be-
comes necessary to help chosing suitable species to be used 
in sites contaminated by toxic metals (Aguilar et al., 2024).

Handroanthus chrysotrichus (Mart. Ex DC) Mattos, 
which belongs to Bignoniaceae Family and is commonly 
known as yellow ipê, stands out among several species 
with the potential to help recovering degraded sites  

(Bispo & Vieira, 2022). It is an arboreal, deciduous, he-
liophyte species distributed in tropical forests; it is mainly 
found in secondary formations and in well-drained hillside 
soils. In addition, this species has great ecological, eco-
nomic and landscaping importance (Silva & Vieira 2019). 
However, its adaptive performance and response mecha-
nisms under Cr stress have not yet been investigated, a fact 
that limits its further application for the phytoremediation 
of soils contaminated with this metal.

If one takes into consideration that individuals be-
longing to genus Handroanthus are widely disseminated 
and commonly grow in polluted environments (Gai  
et al., 2017), we can hypothesize that H. chrysotrichus 
is capable of tolerating high Cr concentrations, as well 
as of maintaining its growth and activating antioxidant 
mechanisms when they are exposed to this metal. Thus, the 
aim of the current study was to evaluate the tolerance of 
H. chrysotrichus seedlings to Cr by assessing the effects 
of this element on morphophysiological and biochemical 
variables in order to determine its potential to be used as 
phytoremediator species.

MATERIALS AND METHODS

Study site

The study was conducted in greenhouse of Feder-
al University of Santa Maria (UFSM) - Santa Maria  
Campus – RS (29°42’56.35”S e 53°43’12.64” W), under 
controlled temperature of approximately 25 ºC, and mean 
humidity of 60%. Analyses were carried out at the Plant 
Physiology and Nutrition Laboratory of the Biology De-
partment.

Experiment conduction

Treatments were arranged based on a completely 
randomized design, with four repetitions. Handroanthus 
chrysotrichus seedlings were exposed to five different Cr 
concentrations (Cr6+): (0, 50, 100, 150 and 200 mg L-1) in 
the nutrient solution. Each sampling unit consisted of a pot 
with five plants, and it totaled 20 experimental units.

Seeds acquired at the Forest Research Center – DDPA, 
in Santa Maria, RS were used to produce H. chrysotrichus 
seedlings. Initially, seeds were subjected to asepsis pro-
cess, in flow chamber, in order to be disinfected with 70% 
ethanol (v/v), for 30 seconds and, subsequently, with 5% 
sodium hypochlorite (NaOCl) 5% (v/v), for 15 min; then, 
they were rinsed in distilled water three times in a row.
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Seeds were placed in Petri dishes under Germitest® 
paper moistened with distilled water, and kept at 28 ºC 
under 16h/8h light/dark photoperiod for 28 days in culture 
chamber, in vitro. Subsequently, pre-germinated seeds 
were selected and placed directly on substrate, which 
was packed in plastic polypropylene tubes, at volume of  
280 cm3. Bioplant® was used as substrate for seedling 
production; it is composed of peat, coconut fiber, rice 
husk, pine bark, vermiculite, agricultural gypsum, calcium 
carbonate, magnesium thermophosphate and additives.

Seedlings were subjected to fertigation with complete 
nutrient solutionat pH 6.0 ±0.1, on a weekly basis, from 
the 15th day after sowing, onwards. Nutrient solution was 
formed by (in μM) 6,090.5 of Nitrogen; 974.3 of Magne-
sium; 4,986.76 of Chlorine; 2,679.2 of Potassium; 2,436.2 
of Calcium; 359.9 Sulfur; 243.592 of Phosphorus; 0.47 of 
Copper; 2.00 of Manganese; 1.99 of Zinc; 0.17 of Nickel; 
24.97 of Boron; 0.52 of Molybdenum and 47.99 of Iron 
(FeSO4/Na-EDTA) (Hoagland and Arnon, 1950).

Seedlings were carefully removed from the substrate, 
washed in running water and transferred to the hydroponic 
system 100 days after sowing, when they presented homo-
geneous height (approximately 10 cm). Then, each seed-
ling was placed in a pot (6 L capacity) filled with complete 
Hoagland and Arnon (1950) nutrient solution. Each pot 
was covered with styrofoam sheet, with five central holes 
in it, in order to allow plants to pass through them. The 
Styrofoam sheet enabled plants to be fixed and to reduce 
solution evaporation in each pot.

Seedlings were acclimatized for seven days in Hoagland 
and Arnon (1950) nutrient solution, at 100% original concen-
tration. The nutrient solution contained the following concen-
trations in its original form: mg L-1: NO3

- = 196; NH4 = 14;  
P = 31; K = 234; Ca = 160; Mg = 48.6; S = 70; Fe-EDTA = 5; 
Cu = 0.02; Zn = 0.15; Mn = 0.5; B = 0.5; Mo = 0.01.

Treatments were applied after acclimation. Seedlings 
were treated with a new solution, at pH 6.0; Cr was added 
to it in the form of potassium dichromate (K2Cr2O7). Thus, 
seedlings remained 10 days under different Cr (Cr6+) avail-
ability conditions. Solution aeration in each pot was done 
by PVC microtubes connected to an air compressor. Micro-
tubes were inserted in the solution through the styrofoam 
sheet covering each pot.

Plants were collected when Cr toxicity symptoms were 
observed, mainly at its highest concentrations. Nutrient 
solution in each pot was replaced twice a week, and its pH 
was adjusted to 6.0 ± 0.1, with 1.0 mol L-1 HCl or 1.0 mol 

L-1 NaOH, on a daily basis.

Morphological variables

Seedlings’ shoot height and main root length were 
measured in two plants per pot, with millimeter ruler. Leaf 
area was measured in WinRhizo 2013 system and samples 
were digitized in professional scanner (EPSON Expression 
11000) and images were analyzed in TIFF format. Roots’ 
morphological featuring resulted from digitized images, in 
WinRhizo Pro 2013 software, coupled to EPSON Expres-
sion 11000 scanner, equipped with additional light (TPU), 
at resolution of 600 DPI. Total root length (cm3 plant-1), 
root surface area (cm2 plant-1), root volume (cm3 plant-1) 
and mean root diameter (mm) were determined.

Shoots and roots were washed in running water and, 
subsequently, in distilled water. The parts were dried in 
forced air circulation oven at 65 ºC, until reaching constant 
weight. Shoot (SDW) and root dry weight (RDW) were 
calculated based on the results. The Tolerance Index (TI) 
was obtained according to equation 1:

Photosynthetic variables

The third fully expanded leaf of plants was used to 
evaluate photosynthetic variables in infrared gas analyzer 
[Infra red gas analyzer (IRGA), Mod. Li-COR® 6400 
XT] at 1500 μmol m-2 s-1 photosynthetic radiation and 
CO2 concentration of 400 μmol mol-1. Measurements 
were carried out in the morning, between 8:00am and  
10:00 am, before plants were collected for growth analysis. 
The following variables were determined at that time: net 
CO2 assimilation rate (A), transpiratory rate (E), stomatal 
conductance (Gs), intercellular CO2 concentration (Ci), 
Rubisco’s instant carboxylation efficiency (A/Ci – based on 
the ratio between photosynthetic rate and intercellular CO2 
concentration), and water use efficiency (WUE – based on 
the ratio between photosynthetic and transpiratory rates).

Biochemical variables

Part of the seedlings were collected, sectioned and had 
their leaves and roots washed in distilled water, added to 
aluminum foil envelopes and frozen in liquid nitrogen (N) 
right away in order to avoid sample degradation. These 
samples were kept in ultrafreezer at -80 °C, until analysis 
time, when they were macerated in liquid N, homogenized 
in specific buffer and analyzed, later on.

TI = (Dry weight plants in contaminated soil  
x 100) / (Dry weight plants in control soil)

(1)
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Chlorophyll a, chlorophyll b and carotenoid concen-
trations in the shoot were extracted based on the method 
by Hiscox & Israelstan (1979) and estimated based on 
the equation by Lichtenthaler (1987). Hydrogen peroxide 
(H2O2) concentration was determined based on Loreto & 
Velikova (2001) and results were expressed as µmol g-1 

fresh weight. Superoxide dismutase (SOD) activity was 
determined based on the spectrophotometric method de-
scribed by Giannopolitis & Ries (1977), whereas guaiacol 
peroxidase activity was determined based on Zeraik et al. 
(2008). Membrane lipid peroxidation degree was estimated 
based on the method by El-Moshaty et al. (1993). Lipid 
peroxidation results were expressed as nmol MDA mg-1 of 
protein.

Statistical data analysis

Error distribution normality was investigated through 
Shapiro-Wilk test, whereas error variance homogeneity 
was investigated through Bartlett test (Storck and Lopes 
2011); both tests were applied to all experimental vari-
ables. Analysis of variance and Tukey test were applied 
to all treatments, at 5% probability of error, in the Sisvar 
statistical software, whenever these assumptions were met 
(Ferreira, 2019).

RESULTS

Morphological variables

According to results of variance analysis, factor “dif-
ferent Cr concentrations’ had significant effect (p ≤ 0.05) 
on most morphological growth variables. However, the 
variables of height, root length, total root length and mean 
root diameter did not show significant difference between 
treatments (Figure 1).

Root surface area reduced by 38.19% at Cr concentra-
tion of 200 mg L-1, whereas the other parameters did not 
statistically differ from the control, and mean root system 
volume decreased at 100 mg L-1 (Figures 2a. and 2b). 
Chromium present in the shoot also accounted for negative 
effects on leaf area (Figure 2e). However, leaf area restric-
tions were moderate, since Cr concentrations of 50, 100 
and 150 mg L-1 did not statistically differ from the control. 
Thus, reduction in leaf area was only observed at the 
highest Cr concentration (200 mg L-) (Figure 2e). Root dry 
weight was lower in all Cr treatments, whereas shoot dry 
weight reductions were observed from Cr concentration of 
100 mg L-1, onwards (Figures 2c and 2d).

Physiological variables

Different Cr concentrations had significant effect  
(p ≤ 0.05) on most of the herein observed physiological 
variables.

Stress caused by Cr had negative influence on photo-
synthetic variables (Figure 3). Net CO2 assimilation rate 
(A) recorded drastic decrease at all Cr concentrations and 
it reached 76.27% reduction at the highest Cr concentration 
(200 mg L-1) (Figure 3a). The same behavior was observed 
for stomatal conductance (Gs), which reduced the stomatal 
opening angle by up to 57.58% (Figure 3c). For the internal 
concentration of CO2 (Ci) it can be observed that there was 
increase at 200 mg L-1 Cr, whereas transpiration rate (E) 
decreased in the presence of Cr, with decrease by 48.75% at 
50 mg L-1 (Figures 3b and 3d). However, water use efficien-
cy (WUE) only decreased at the highest Cr concentration, 
whereas other concentrations did not sigifnicantly differ 
from the control (Figure 3e). Similar to the other photosyn-
thetic parameters, the instantaneous efficiency of Rubisco 
carboxylation (A/Ci) was negatively affected by Cr presence, 
mainly at concentration of 200 mg L-1 Cr (Figure 3f).

Biochemical variables

The significant effect (p ≤ 0.05) of different Cr con-
centrations was observed for most biochemical variables 
in the present study. However, chlorophyll a (Chl a), total 
chlorophylls (total Chl) and carotenoid levels did not show 
significant differences, regardless of Cr concentrations; 
they showed the species’ tolerance to Cr (Figures 4a, 4c 
and 4d). Chlorophyll b (Chl b), production was stimulated 
at concentrations of 100 and 150 mg L-1, whereas con-
centration of 200 mg L-1 did not show difference from the 
control (Figure 4b).

SOD activity in H. chrysotrichus roots increased at Cr 
concentrations of 150 and 200 mg L-1 (Figure 5b). No dif-
ference in SOD activity in the shoot was observed between 
the tested Cr concentrations (Figure 5a). However, in the 
leaves POD activity decrease at concentrations of 50 and  
200 mg L-1 (Figure 5c), whereas POD activity in roots 
increased by 50 mg L-1 (Figure 5d).

The highest mean hydrogen peroxide (H2O2) concentra-
tion in the shoot was observed at 50 mg L-1 Cr (Figure 6a). 
On the other hand, roots showed increased H2O2 proportion-
al to Cr concentration increase (Figure 6b). However, there 
was not significant difference from the control in relation at 
50 mg L-1 Cr to H2O2 concentration in the roots (Figure 6b).
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Figure 1: Mean values recorded for height (a), root length (b), total root length (c) and mean root diameter (d) in Handroanthus 
chrysotrichus seedlings grown under different Cr concentrations. Different letters between treatments represent statistically significant 
difference in the Tukey test. Bars represent the mean ± standard deviation.

Figure 2: Mean values recorded for root surface area (a), root volume (b), shoot dry weight (c), root dry weight (d) and leaf area (e) in 
Handroanthus chrysotrichus seedlings grown under different Cr concentrations. Different letters between treatments represent statisti-
cally significant difference in the Tukey test. Bars represent the mean ± standard deviation.
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Figure 3: Mean values recorded for net CO2 assimilation rate (A) (a), intercellular CO2 concentration (Ci) (b), stomatal conductance 
(Gs) (c), transpiration rate (d), water use efficiency (WUE) (e) and instantaneous carboxylation efficiency (by Rubisco) (A/Ci) (f) in 
Handroanthus chrysotrichus seedlings grown under different Cr concentrations. Different letters between treatments represent statisti-
cally significant difference in the Tukey test. Bars represent the mean ± standard deviation.

Figure 4: Mean values recorded for Chl a (a), Chl b (b) total Chl (c) e carotenoids (d) in Handroanthus chrysotrichus seedlings grown 
under different Cr concentrations. Different letters between treatments represent statistically significant difference in the Tukey test. 
Bars represent the mean ± standard deviation.
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Figure 5: Mean values recorded for superoxide dismutase (SOD) enzyme activity in shoots (a) and roots (b) and guaiacol peroxidase 
enzyme (POD) in shoots (c) and roots (d) in Handroanthus chrysotrichus seedlings grown under different Cr concentrations. Different 
letters between treatments represent statistically significant difference in the Tukey test. Bars represent the mean ± standard deviation.

Figure 6: Mean values recorded for hydrogen peroxide (H2O2) concentration in shoot (a) and roots (b), and membrane lipid per-
oxidation in shoot (c) and roots (d) and tolerance index (TI) (e) in Handroanthus chrysotrichus seedlings grown under different Cr 
concentrations. Different letters between treatments represent statistically significant difference in the Tukey test. Bars represent the  
mean ± standard deviation.
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Peaks in malondialdehyde (MDA) production, 
which is one of lipid peroxidation products, were only 
observed at the highest Cr concentrations; this finding 
showed the species’ tolerance to it at concentrations up to  
100 mg L-1 (Figure 6c and 6d). There was not significant 
difference in lipid peroxidation in shoots and roots at low 
Cr concentrations in comparison to the control, but there 
was large MDA production at Cr concentrations of 150 and 
200 mg L-1. This finding points towards high degradation 
of membrane lipids at these concentrations (Figure 6c and 
6d). For the tolerance index (TI), it was observed that the 
lowest values were observed as chromium was added to the 
nutrient solution (Figure 6e). Thus, it was observed that the 
lowest TI values were evidenced at 150 and 200 mg L-1 Cr 
(Figure 6e).

DISCUSSION
For the variables root length and mean root diameter, 

there was no significant difference regardless of the Cr 
concentrations tested (Figure 1). This may have happened 
because the presence of Cr may have affected the density 
of fine roots and their branching, but without significantly 
altering the total length and mean root diameter (Wu  
et al. 2016).

However, the lowest values for root surface area and 
volume were observed with increasing Cr in the nutrient 
solution (Figures 1a and 1b). This response may have oc-
curred because Cr can strongly bind to negatively charged 
carboxylic groups in the cell wall of cortical and epidermal 
cells of roots, altering the binding and distribution of ions in 
the apoplast, which directly influences organ development 
(Shiyab et al. 2019; Singh et al. 2020).

Thus, the dry biomass of the roots showed more 
pronounced damage than that of the shoot, demonstrating 
that the development of the root system was more affected 
(Figures 2c and 2d). Excess Cr, by negatively affecting 
water and nutrient absorption (Mahdavian, 2021), also 
ends up negatively affecting biomass production. Thus, 
there was smaller leaf area per unit of leaf dry weight, 
since Cr concentrations have inhibited energy metabolism, 
cell division and expansion; these factors, all together, 
have reflected on seedlings’ leaf area reduction (Srivastava 
et al., 2021). However, plants adjust their allocation and 
relative biomass distribution in their organs when they are 
subjected to stress conditions, also known as allocation 
plasticity (Carneiro et al., 2015). There was not reduction 
in H. chrysotrichus seedlings’ shoot biomass production at 

50 mg L-1 Cr (Figure 2c), although plants recorded lower 
photosynthetic rate at this Cr concentration. Assumingly, 
based on the aforementioned condition, Cr excess in root 
tissue may have remained in the apoplast (likely attached to 
cell wall) or was compartmentalized in root cells’ vacuole 
(Sinha et al., 2018). This process decreased Cr transport to 
the shoot and, consequently, it affected this tissue’s physio-
logical processes to a lesser extent (Adhikari et al., 2020).

Chlorophyll a, total chlorophylls and carotenoid levels 
did not show significant differences due to Cr addition, and 
this finding has proven this species’ tolerance to Cr appli-
cation (Figures 4a, 4c and 4d). Chlorophyll b production 
was stimulated at Cr concentrations of 100 and 150 mg L-1 
(Figure 4b). However, this increase in the amount of pig-
ments was not enough to guarantee the beneficial effects on 
photosynthetic variables. This response may have resulted 
from the fact that Cr can impair chloroplasts’ structure 
and interfere with stable protein binding by damaging 
the photosynthetic apparatus (Gomes et al., 2017). Thus, 
photosynthetic rate decrease due to Cr stress can also be 
attributed to chloroplast ultrastructure disorganization and 
to electron transport process inhibition in photosynthesis’ 
photochemical phase (Sharma et al., 2020).

However, transpiration rate decrease may be directly 
related to stomatal conductance reduction, since reduction 
in the stomatal opening angle makes transpiration difficult 
(Gomes et al., 2017). In addition, Cr accumulates in plant 
roots, consequently, its phytotoxic effects will lead to low 
water absorption; it directly reflects on water transport 
(Shiyab, 2019) and results in reduced transpiration and, 
consequently, in lower WUE (Figures 3d and 3e). Howev-
er, H. chrysotrichus seedlings presented tolerance to metal 
toxicity if one takes into consideration that water use effi-
ciency was little affected by Cr; except for the maximum 
used Cr concentration, which led to 52.9 % decrease in this 
variable.

A/Ci values were negatively affected by Cr, and the 
most severe effect of it was observed at the highest Cr 
concentration (200 mg L-1) (Figure 3f). This response may 
have occurred because the Rbcl gene, which is responsible 
for Rubisco enzyme synthesis, is a direct target of the ac-
tion by reactive oxygen species (ROS) generated by heavy 
metal stress. Therefore, if this gene’s transcription levels 
decrease due to the toxic effects of Cr, the entire photosyn-
thetic process is harmed (Jaskulak et al., 2018).

Redox metals such as Cr can cause oxidative damage 
due to Haber-Weiss and Fenton reactions that, in their turn, 
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lead to ROS production in plants (Sinha et al., 2018). ROS, 
such as superoxide radicals (O2

−•), hydrogen peroxide 
(H2O2), hydroxyl radicals (OH•) and oxygen singlets (1O2), 
are often little produced in aerobic organisms (Shiyab, 
2019). However, ROS production significantly increases 
under stress conditions. Such ROS overproduction in plants 
can result in cellular homeostasis disrusption, DNA strand 
breakage, protein or cell membrane defragmentation, and 
in damages to photosynthetic pigments – these factors, 
altogether, can trigger cell death (Gomes et al., 2017).

Superoxide dismutase (SOD) is considered the first line 
of defense in ROS elimination, and it acts in maintaining 
homeostasis in plant cells (Sharma et al., 2020). The high-
est SOD activity values were observed in the roots due to 
Cr addition (Figure 5b). SOD activity increase at higher Cr 
concentrations is indicative of its potential use to mitigate 
oxidative damage, since SOD converts the superoxide an-
ion (O2

•-) into H2O2 - which is often correlated to increased 
plant tolerance (Schmitt et al., 2020). H2O2 is less harmful 
and reactive than superoxide anion when it accumulates 
in plant tissues, and it can be eliminated by catalases and 
peroxidases (Smirnoff & Arnaud, 2019).

Thus, the POD enzyme, along with SOD, catalase and 
APX, accounts for balancing and controlling cellular ROS 
concentration, such as H2O2 and O2

•-, and for preventing 
OH•- from being produced (Bernardy et al., 2020). How-
ever, POD activity decrease was observed in shoot at Cr 
concentrations of 50 and 200 mg L-1 (Figure 5c). This 
lower POD activity in the shoot explains the high H2O2 
accumulation at concentration of 50 mg L-1 (Figure 6), and 
high H2O2 production may have exceeded the capacity to 
antioxidant enzymes eliminate this ROS; consequently, 
it may have caused POD activity decrease (Kumar  
et al., 2019). Thus, it is possible inferring that H2O2 increase 
in the shoot is likely related to POD activity inhibition, 
which may account for possible delay in ROS removal 
(Singh et al., 2021). However, this higher H2O2 concentra-
trion in the shoot (50 mg L-1 Cr) did not trigger oxidative 
damage to membrane lipids, since no significant difference 
was observed at 50 and 100 mg L-1 Cr in relation to the 
control, in malondialdehyde (MDA) production, which 
is one of the lipid peroxidation products (Figure 6). Root 
H2O2 production presented behavior very similar to that of 
SOD activity in this same plant organ; this finding suggests 
that SOD was activated by the plant in order to carry out 
internal ROS balance (Figure 6b and 5b). H2O2 is a stable 
compound, as well as important signaling molecule for the 

plants; however, increase in its content results in oxidative 
stress and, consequently, triggers lipid peroxidation due to 
MDA increase (Kuinchtner et al., 2021).

MDA is an oxidized product from membrane lipids; it 
is accumulated inside plants when they are exposed to ox-
idative stress. Thus, H2O2 increase may have collaborated 
to increase in MDA levels (membrane lipid peroxidation) 
(Daud et al., 2021), as seen in Figures 6c and 6d. Increase 
in lipid peroxidation may have contributed to reduce plant 
biomass production, mainly at higher Cr concentrations 
(Figures 2c and 2d).

However, Cr concentrations lower than 100 mg L-1 
also result in increased MDA levels, as found by Bilal 
et al. (2018), who observed marked lipid peroxidation 
induction and ROS production at Cr concentration of 5.0 
mM in Glycine max plants. Lack of high MDA rate in  
H. chrysotrichus seedlings cultivated Cr concentration 
of 100 mg L-1 showed that this species’ oxidative stress 
tolerance mechanisms are efficient, even in case of ROS 
production.

Chromium concentration increase affected the growth 
and photosynthetic and biochemical variables of H. chrys-
otrichus seedlings. However, at lower Cr concentrations 
(50 mg L-1), plant growth remained without further damage 
caused by this metal. This finding suggests that these plants 
are tolerant to milder Cr concentrations, and this outcome 
confirms our initial hypothesis. Therefore, this species has 
activated its antioxidant defense mechanisms (enzymatic 
and non-enzymatic) to protect itself from this toxic metal. 
In addition, other tolerance mechanisms may also be oper-
ating in this species, such as Cr compartmentalization of 
Cr in cell vacuole (Sinha et al., 2018), Cr complexation/
chelation (Din et al., 2019) and Cr accumulation in less 
sensitive plant tissues, such as roots, a fact that decreases 
Cr bioavailability (Adhikari et al., 2020).

CONCLUSIONS
High Cr concentrations were harmful to Handroanthus 

chrysotrichus seedlings’ growth. However, this species 
tolerated Cr concentrations up to 100 mg L-1. This finding 
may point towards its tolerance to this metal, as well as its 
potential to be used as phytoremediation for Cr-polluted 
soils.
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