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Ecotoxicological effects of cadmium on the germination
and initial development of Schinus terebinthifolius
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ABSTRACT

Plants can absorb cadmium from contaminated soils. This toxic metal can cause many negative effects on plant’s
morphophysiological development. The aim of this study was to determine the biometric aspects and to assess the
ecotoxicological effects of cadmium on the germination and initial development of pepper mastic (Schinus terebinthifo-
lius). The experiment followed a completely randomized design with treatments consisting of eight cadmium concen-
trations (0.0; 0.2; 0.4; 0.6; 0.8; 1.0; 2.0; 4.0 and 6.0 mM), with four replications. The response variables analyzed included:
percentage of germination speed index (GSI), length of shoots and roots of seedlings. Cadmium caused high percentage
of inhibition on the germination of S. terebinthifolius, presenting negative effects from 0.2 mM (35.2% inhibition) by
70.2% with 0.6 mM. In early seedling development, it was found that its presence interferes with the root growth more
than with shoots. In both parts, cadmium interfered significantly from the concentration of 0.2 mM. However, the
0.4 mM concentration impacts are more pronounced in the root system development. In environments contaminated
by cadmium, establishing the germination and development of this species may not be possible.

Keywords: Schinus terebinthifolius Raddi, contamination, heavy metal.

RESUMO

As plantas absorvem o cadmio de solos contaminados. Este metal toxico pode causar efeitos negativos no desenvolvi-
mento morfofisioldgico da planta. O objetivo deste estudo consistiu em determinar os aspectos biométricos e avaliar
os efeitos ecotoxicolégicos do cadmio no desenvolvimento da aroeira-pimenta (Schinus terebinthifolius Raddi). O estudo,
foi desenvolvido com oito tratamentos e quatro repeticdes em delineamento inteiramente casualizado, nas seguintes
concentragdes de cadmio: 0,0; 0,2; 0,4; 0,6; 0,8; 1,0; 2,0; 4,0 e 6,0 mM. As variaveis resposta foram a percentagem do indice
de velocidade de germinagado (IVG), o comprimento da parte aérea e da raiz das plantulas. O cddmio causou inibigao
na germinagao de S. ferebinthifolius a partir de 0,2 mM (35,2% de inibicdo), chegando a 70,2% de inibi¢do quando as
sementes de S. terebinthifolius foram expostas a 0,6 mM. O cadmio também interferiu significativamente no crescimento
da parte aérea e da raiz a partir da concentragao de 0,2 mM. No entanto, a inibi¢ao do crescimento foi mais acentuada no
sistema radicular. A sua presenga pode afetar, principalmente, o sistema radicular. Assim, em ambientes contaminados
por cadmio, a germinagao e estabelecimento desta espécie podem nao ser viaveis.

Palavras-chave: Schinus terebinthifolius Raddi, contaminagao, metal pesado.
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INTRODUCTION

Environmental contamination caused by increasing
concentrations of heavy metals has been one of
the major environmental concerns (Bayramoglu
and Arica, 2011). Anthropogenic activities such
as mining, domestic effluents on farms (Jarup
and Akesson, 2009), overuse of mineral fertilizers
containing cadmium, sludge and wastewater (Tito
et al.,2012) have increased the concentration of these
pollutantsin the soil, that can be absorbed by plants.

Risks of ecosystems contamination by these pollut-
antshaveworried duetotheirmajorecologicalconse-
quences, being cadmium one of the heavy metals
with greater phytotoxic potential (He et al., 2014).

Schinus terebinthifolius belongs to the Anacardiaceae
family, is a tree widely found on Brazilian coast
(Carvalho et al., 2013), in biomes caatinga, cerrado
and rainforest. Besides being widely used as an
herbal medicine (Carlini etal., 2013), it is used
in reforestation programs and environmental
recovery of degraded ciliary banks areas (Silva
et al., 2012). Thus, due to its wide distribution, the
species can be exposed to environments with soil
contaminated by heavy metals such as cadmium.

Phytotoxicity of cadmium in cell tissues of plants
causes negative effects on physiological and
biochemical mechanisms, such changes being
shown in the growth development (Sharma and
Dietz, 2009). In the initial stages, this heavy metal
may cause reduction in the percentage of seed
germination (Ahmad etal, 2011; Kranner and
Colville, 2011; Lamhamdi et al., 2011), in the germi-
nation rate index and the initial growth of seed-
lings (Sfaxi-Bousbih ef al., 2010) and decreased leaf
area, total chlorophyll content, carotenoid content,
and the photochemical quantum yield of photo-
synthesis (Larsson et al., 1998).

This study aimed to assess the ecotoxicological

effects of lead in the germinative development of
pepper mastic (S. terebinthifolius).

MATERIAL AND METHODS

The experiment was conducted in the Environ-
mental Sciences Laboratory of the Academic Unit
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of Biological Sciences of Federal University of
Campina Grande — Paraiba). The seeds of S. tere-
binthifolius used in the research were acquired at
the Instituto de Institute of Forestry Research and
Studies (IPEF), Piracicaba, Sao Paulo. The viability
assessment of the batch of seeds was analyzed
through germination test, where 200 seeds were
previously disinfected with sodium hypochlorite
(NaClO 2.5%) for 10 minutes and sown in four
Petri dishes (4 x 50 seeds), with a double layer of
paper sterilized (germitest) and moistened with
11 mL of distilled water (Brasil, 2009). To assess
the effects of cadmium on seed germination and
initial development of S. terebinthifolius eight
experimental concentrations of cadmium (0.2,
0.4, 0.6, 0.8, 1.0, 2.0, 4.0 and 6.0 mM) were used,
besides the control. The seeds were disinfected
(2.5% NaClO for 10 minutes) and then immersed
for 30 minutes in 20 mL of their respective exper-
imental concentrations. Cadmium solutions were
prepared from cadmium nitrate (Cd(NO,),) in pH
6.0, while distiller water was used as control. Seeds
were sown in Petri dishes (150 mm diameter) with
double layer paper (germitest) soaked in cadmium
solution in different concentrations and water. The
experiment was carried out in quadruplicates with
30 seeds per replicate. Seeds were kept at temper-
ature of 30°C+2 and photoperiod of 16 hours light
and 8 hours dark, during 20 days.

The response variables to assess effects of cadmium
were: the percentage of germination; the germina-
tion speed index (GSI), both quantified according
to Maguire (1962), and the daily growth of shoot
and root of seedlings using a digital caliper
(0.01 mm). The experimental data were collected
during 20 days from the day of sowing,.

Statistical analyzes of the results of measurements
were performed using the statistical software SPSS
20.0. When necessary, the data were converted into
arc sen[(x+0,5)/100]°> to ensure data homoscedas-
ticity, being assessed through analysis of vari-
ance (ANOVA) followed by Tukey’s test (P<0.05)
to determine statistical significance of difference
among the variances. Additionally, the regression
analysis was used to assess the relation between
the variation in growth of the seedling parts and
the used cadmium concentration. For all statis-
tical analyzes, the significance level of P <0.05 was
considered.



RESULTS AND DISCUSSION

The germination and seedling growth, generally = percentage of 35.2% lower of germination compared
was negatively and significantly influenced by the  to control germination (Figure 1). Similar trend of
different concentrations of cadmium. The concen-  decreasing values was also observed for the germi-
trations of 0.2 and 04 mM of cadmium caused  nation speed index (Figure 2).
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Figure 1 - Germination (%) of Schinus terebinthifolius Raddi seeds submitted to different cadmium
concentrations. Mean of n=200 seeds, P<0.05.
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Figure 2 - Germination speed index (GSI) of Schinus terebinthifolius Raddi seeds submitted to different
cadmium concentrations. Mean of n=200 seeds, P<0.05.
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Concentrations from 0.6 mM compromised more
than half of the germination potential of the seeds.
However, higher concentrations of cadmium (up to
6.0 mM) caused no greater inhibitory effect than
that observed at 0.6 mM (Figure 3).
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Figure 3 - Germination inhibition (%) of Schinus terebinthifolius Raddi seeds in the presence of several
cadmium concentrations. Percentage with the same letter are not statistically different from
each other (P<0.05). Error bars represent SD of the mean expressed in percentage, n=120 seeds,

P<0.05.

Cadmium showed very high potential for inhibi-
tion of root growth of pepper mastic, where the
seedlings that have been developed exposed to
greater concentrations, 4.0 and 6.0 mM. This high
inhibitory effect was also observed in the shoot.
However, the shoot was more tolerant to the pres-
ence of cadmium than the root (Table 1).

The regression analysis between cadmium concen-
trations and growth of shoot and root reported
values of significant correlations, with coefficient
of determination equal to 0.90 to shoot and 0.85
to root (Figure 4). This indicates that the reduced
growth of both meristems of the seedling was
probably due to the toxic effect of increasing
concentrations of cadmium. It was observed that
concentrations of 0.2 mM of cadmium have already
significantly affected the growth of shoot and
root (Table 1). However, at this concentration, the
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percentage of inhibition of the root was higher than
that observed in shoots, revealing that the roots are
more sensitive to the presence of cadmium.

Table 1 - Potential(%)ofinhibitionontherootandshootgrowth
of of Schinus terebinthifolius Raddi after 10 days of
treatment with different cadmium concentrations

Concentration (mM) Root Shoot
0.2 643 e 12.7 e
04 222.0d 14.8d
0.6 234.6d 13.1e
0.8 215.0d 132e
1.0 245.0d 232c¢
2.0 297.0 ¢ 46.3b
4.0 789.0 a 301.8 a
6.0 6749b 3049 a

Values with the same letter, in the same column, are not statistically different
from each other (P <0.05).
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Figure 4 - Root and shoot growth of Schinus terebinthifolius Raddi after 10 days of treatment with different

cadmium concentrations.

Kranner & Colville (2011) reported that cadmium
has the potential to inhibit the germination and
growth of seedlings. Similar trend of inhibition
was found in the results of this work.

The mechanism of toxicity of heavy metals in
plants involves a complex network of soil mobili-
zation and root absorption and transport, capture
and distribution in the intracellular space of the
plant (Clemens etal, 2002). Their accumulation
in plant cell can have effects on biochemical and
molecular levels, causing damage to biomolecules
and causing oxidative stress with consequent
effects on plant development (Hossain et al., 2011),
such as the inhibition of germination and growth
(Souza et al., 2011).

The reduction in the growth of the shoot and, espe-
cially, the root may threaten the establishment and
the emergence of this species in habitats with toxic
levels of cadmium in the soil. Thus, future gener-
ations of S. terebinthifolius inserted as seedling in
degraded environments would have difficulty
regarding the germination and development of its
seeds in this environment.

The literature has not reported research on the
ecotoxicology of toxic metals in the development
of forest species. However, there are studies that
report negative effects of the presence of cadmium
during germination and initial development of
several other plant groups (Wunder et al., 2009; Lin
et al., 2014).

On Table 2, it was also observed that the plants
suffer toxic effects of cadmium at different concen-
trations, ranging from 0.05 mg L (S. molesta) to
12.5 mg L1 (R. diphyllum).

These studies report tolerance variations among
plant species on the presence of this metal. This
is because the plant influences the absorption and
translocation of metals to their interior, being it
possible that different plant species that grow in
the same soil present different absorption for a
given element (Nordlekken et al., 2015).

Wunder etal. (2009) observed that the germina-
tion of R. diphyllum megaspores in the presence
of cadmium at the concentration of 50 mg L~
reduced in more than 58% the germination and the
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Table 2 - Cadmium concentrations that caused toxic effects in the development of shoots and roots of several plant species

reported in the literature and in this research

Species Shoot (PA) Root (R) Inhibition Reference
Eichhornia crassipes (Mart.) Solms 1.47 mg L1 0.64 mg L1 25%
Salvinia auriculata Aublet 0.10 mg L1 0.06 mg L1 ’ Oliveira et al. (2001)
Salvinia molesta Mitchell 0.05 mg L1 - - Gupta & Devi (1992)
Regnellidium diphyllum Lindm. 12.5 mg Lt 125 mg L - Wunder et al. (2009)
Sinapis alba L. - 3.60 mg L 50% Fargasova (2001)
Galinsoga parviflora Cav. - 50 mg kg-! 20% Lin et al. (2014)
38%*(R)
Suaeda salsa L. 0.1mgL-t 0.1 mgL-! Liu et al. (2012)
27%*(PA)
36% (PA)
Schinus terebinthifolius Raddi 414 mg L1 46.3 mg L-! 46% (R) Silva et al. (2014)

* Approximate values.

concentration of 100 mg L+ completely inhibited
germination. This species reported lower tolerance
to cadmium than S. terebinthifolius; where in similar
concentrations of cadmium (0.2 mM, equivalent
to 41.4 mg L") showed inhibition of 36.1% in seed
germination. The high intolerance of S. molesta is
possibly for being an aquatic species and its roots
are exposed directly to the contaminated water.
S. terebinthifolius is also used in reforestation of
wetlands, and can also be exposed to pollution by
heavy metal transported by water. Despite the vari-
ability in tolerance to cadmium, all research report
that the toxic effects of cadmium are higher in the
roots when compared to its effects in the shoot.
The same trend was observed in this study. The
roots are the main absorption organ of the plants
and, usually, the highest concentrations of heavy
metals are found in them. Cadmium is retained
and immobilized on the cell wall (He et al., 2009)
by means of connections with negative charges of
the cell walls and then it is transferred to the shoot
(Grant et al., 1998). Plants subjected to exposure of
toxic levels of cadmium for long periods generally
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