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Tolerance of chia seeds to copper

Tolerancia de sementes de chia ao cobre
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ABSTRACT

Environmental contamination by toxic metals has become a problem for plants,
animals and man. Among the toxic metals present in the environment, copper (Cu)
is the most important contaminant and can, when excess in water or soil, cause
disturbances in the growth and development of plants, reducing the productivity
of crops. The objective of this study was to evaluate the tolerance of chia seeds to
copper during germination. The seeds were placed on paper soaked in aqueous
copper solution at concentrations corresponding to zero (distilled water); 60; 120;
180 and 240 mg L'. The evaluated parameters were: percentage of germination, first
count, total length, shoot and root length and dry mass of seedlings. The increase
of copper concentration in the substrate promoted a significant decrease in seed
germination, growth and dry mass of chia seedlings. It is concluded that chia seeds
moderately tolerate exposure to copper at concentrations of up to 120 mg L* of Cu
in the germination phase and up to 60 mg L* in the initial development phase.
Keywords: germination; Salvia hispanica; toxicity.

RESUMO

A contaminagao ambiental por metais téxicos tornou-se um problema para as plantas,
animais e para o homem. Dentre os metais t6xicos presentes no ambiente, o cobre
(Cu) é o contaminante mais importante, podendo, quando em excesso na d4gua ou no
solo, causar distirbios no crescimento e desenvolvimento das plantas, diminuindo
a produtividade das culturas. O objetivo deste estudo foi avaliar a tolerancia das
sementes de chia ao cobre na germinacdo. As sementes foram colocadas sobre
papel embebido em solugdo aquosa de cobre nas concentragoes correspondentes a
0 (dgua destilada), 60, 120, 180 e 240 mg L'. Avaliaram-se os seguintes pardmetros:
percentagem de germinagao, primeira contagem, comprimento total, da parte aérea e
da raiz e massa seca de plantulas. O aumento da concentragdo de cobre no substrato
promoveu decréscimo significativo na germinagdo das sementes, no crescimento e
na massa seca das plantulas de chia. Concluiu-se que as sementes de chia toleram
moderadamente a exposigao ao cobre nas concentragoes de até 120 mg L* de Cu, na
fase de germinagao, e até 60 mg L, na fase de desenvolvimento inicial.
Palavras-chave: germinagao; Salvia hispanica; toxicidade.
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Agricultural growth has resulted in environmental problems caused by the presence of residues
containing toxic portions of copper (Cu). The contamination of soil by this element is a well-known
concern, particularly in abandoned agricultural and mining areas (SACRISTAN et al., 2016) where
concentrations of copper are often high, due to the various others anthropogenic processes involved
such as the application of fungicides and inorganic fertilizers, foundries, mining and atmospheric
emissions (HARICHOVA et al., 2012). In addition, repeated applications of manure, intended to enrich
the soil, derived from waste of pigs and poultry which have this element included in their diets to
promote growth, can lead to an excess of copper in the land (RUYTERS et al., 2013).
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At low concentrations, copper is an essential micronutrient to plants as a constituent and activator
of many enzymes. It acts as a cofactor of proteins in the electron transport chain and in mitochondria
and chloroplasts. Further, copper participates in photosynthesis, respiration, metabolism of nitrogen and
carbohydrates, antioxidant activities, metabolism of cell walls, hormonal assimilation and in the synthesis
of lignin and chlorophyll (KARIMI et al., 2012).

However, even though it is an essential nutrient, copper can become toxic to plant growth after
reaching a certain level. Concentrations above 40 mg Kg* (sandy soils) and 100 mg Kg* (clayey soils) can
be toxic and negatively affect growth and development (FIDALGO et al., 2013).

The toxicity causes many disorders: damages photosynthesis; disrupts the thylakoid membrane
integrity resulting in chlorosis and necrosis; reduces root and shoot growth; inhibits the absorption of
water; alters the metabolism of nitrogen; and decreases germination (YRUELA, 2009; FIDALGO et al.,
2013). Kalai et al. (2014) state that germination inhibition may occur due to a failure in mobilization of
the endosperm caused by the decline of a-amylase, acid phosphatase and alkaline phosphatase activity,
as well as a small modification of B-amylase activity, resulting in failure in the mobilization of copper in the
endosperm.

Copper can be potentially toxic to plants when it is at elevated concentrations in soil and water
(ADREES et al., 2015). Thus, phytotoxicity assays are particularly relevant when contaminants are present
in soil (KO et al., 2012). Some works using copper have demonstrated that, at high concentrations, this
element has a negative effect on germination and emergence of various crops: wheat (Triticum aestivum L.),
white mustard (Sinapis alba L.), rapeseed (Brassica napus oleifera L.) (DRAB et al., 2011); barley (Hordeum
vulgare L.) (KALAI et al., 2014); black oats (Avena strigosa Schreb.) (GIROTTO et al., 2014); chickpea (Cicer
arietinum L.) (SMIRI & MISSAOUI, 2014); sunflower (Helianthus annuus L.) (BOROS & MICLE, 2015);
lettuce (Lactuca sativa L.) (MORAES et al., 2015); grasses (Brachiaria brizantha (Trin.) Griseb., Brachiaria
decumbens (Trin.) Griseb.) (BORGES et al., 2016); fenugreek (Trigonella foenum-graceum L.) (MENON et
al., 2016); Bauhinia forficata Link, Enterolobium contortisiliquum (Vell.) Morong, Pterogyne nitens Tul. (SILVA
et al., 2016) and radish (Raphanus sativus L.) (CHITRA, 2017). In general, these authors suggest that an
increase in copper concentration in the substrate negatively affects seed germination of the species.

Chia (Salvia hispanica L. — Lamiaceae) is a plant grown from seeds (figure 1). Chia seeds have
high protein, fiber, oil and fatty acid (omega 3) levels, making them a health-enhancing food, especially
regarding their ability to reduce the risk of cardiovascular diseases, maintaining body weight and reducing
cholesterol levels in the blood (COELHO & SALAS-MELLADO, 2014). Originally from central-west Mexico to
northern Guatemala, it is commercially cultivated in Argentina, Colombia, Peru, Australia, Guatemala and
Mexico (BUSILACCHI et al., 2013). In Brazil, the regions of northeastern Rio Grande do Sul and western
Parana have begun to commercially invest in this crop, with good results (MIGLIAVACCA et al., 2014).
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It is now a plant that has economic and nutritional importance. However, little is known about
the behavior of chia in soils with elevated concentrations of toxic elements, specifically development
under toxic copper conditions. The information about the tolerance of chia seeds to excess copper
on the germination of seeds can contribute to new knowledge about the physiology of this crop and
is the objective of this work.

MATERIAL AND METHODS

The experiment was carried out at the Botanic Genetic Laboratory of the Departament of
Biology, at the Federal University of Santa Maria, State of Rio Grande do Sul, Brazil, from February 15
to April 27, 2017. The experimental design was completely randomized, where treatments consisted
of different concentrations of the solution. This study used chia seeds (Salvia hispanica L.) that
were acquired from a company that produces and sells seeds in Burzaco, Argentina, and stored in a
refrigerated chamber at 10°C until the experiment.

To evaluate the effect of copper on germination, chia seeds were sown on a germitest paper
substrate moistened with aqueous solutions of copper sulfate at concentrations of zero (control), 60,
120, 180, and 240 mg L1 (adapted from SILVA et al., 2016 and BORGES et al., 2016). For the control
(level zero), only distilled water was used.

The toxic effect of copper on the seed germination process was evaluated using the tests listed below:

Germination: conducted based on four repetitions of 100 seeds distributed in plastic boxes (Gerbox),
on germitest paper moistened with distilled water or copper sulfate solution (2.5 times the weight of the
paper). After sowing the seeds, the plastic boxes were maintained in BOD (Bio-Oxygen Demand) chambers
at a constant temperature of 20°C and 8 h of light and 16 h of dark. Counts were made on seven and 14
days after sowing and the results were expressed as percentages (BRASIL, 2009).

First count: conducted together with the germination test, where the percentage of normal
seedlings was determined on day 7 of the test.

Seedlings length (cm): normal seedlings were obtained by sowing four repetitions of 20 seeds. Rolls
of paper containing the seeds were kept in a germination chamber for seven days, at a temperature of 20°C.
Total length, shoot length and root length of 10 seedlings were randomly evaluated for each repetition using
a millimeter ruler. The average length of the seedlings was obtained by adding the number of measurements
of each repetition and dividing this by the number of normal seedlings measured (NAKAGAWA, 1999).

Dry mass of seedlings (mg): first, the fresh weight of 10 seedlings was measured (four repetitions),
after this, they were placed in paper bags in an oven at 60°C until the mass was constant (48 h).
Subsequently, the seedlings were weighed again using a precision scale (0.001 g).

The data were submitted to an analysis of variance using the F test and, when significant, a
regression analysis was performed using the program Sisvar (FERREIRA, 2011).

RESULTS AND DISCUSSION

The analysis of variance indicated significant differences (p<0.05) among the treatments for all
the variables analyzed (table 1).

Table 1 — Summary of the analysis of variance for the variables germination (G), first count (FC), total length (TL),
shoot length (SL), root length (RL) and dry mass (DM) of chia seedlings exposed to different concentrations of copper.

Source of Degrees of Mean square

variation freedom G FC TL SL RL DM

Treatment 4 3505.5*% | 11020.2* | 13.23* | 0.74% 8.62* 0.097*
Residue 15 274.5 588.7 5.16 0.65 4.18 0.072
CV (%) - 5.48 12.06 7.62 7.16 11.07 12.76

* Significant at 5% probability by the F test. CV = Coefficient of variation.
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In the absence of copper, the average seed germination was 93% (figure 2). The chia seeds
were moderately tolerant up to the concentration of 180 mg L?* Cu, with over 70% germination (on
average). The highest concentration used (240 mg L) promoted a significant reduction (55%).

In the first count germination test, there was a reduction in percentage of normal plants from
88% (control) to 16% (240 mg L?). The results of this study corroborate Menon et al. (2016), who
verified that increasing copper concentrations inhibit seed germination and growth of Trigonella
foenum-graceu, as a notable decrease in germination was observed, starting at 200 ppm of copper.
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Figure 2 — Germination and first germination count of chia seeds exposed to different concentrations of copper.

The effects of copper on germination are documented in many studies.

Drab et al. (2011) observed that copper sulfate caused a significant reduction in seed
germination of wheat (Triticum aestivum L.), rapeseed (Brassica napus oleifera L.) and white mustard
(Sinapis alba L.), using solutions of O to 20 mg dm.

Mohammadi et al. (2013) analyzed five levels of copper sulfate (O to 60 mg L) and found a
reduction in the germination percentage and length of the hypocotyl of Plantago psyllium above 45
mg L1

Smiri & Missaoui (2014) noticed that this element affected seed germination and growth of
chickpea embryos (Cicer arietinum), at concentrations of 100 to 500 uM.

Boros & Micle (2015) observed that, for seeds of sunflower, concentrations of 50 ppm and 100
ppm were more toxic, causing abnormal development and low viability of seeds.

Silva et al. (2016) showed that increased doses of copper in soil (O to 300 mg kg?) negatively
interfered with (at greater intensity) the growth and quality of Bauhinia forficata, Enterolobium
contortisiliguum and Pterogyne nitens seedlings.

Chitra (2017) evaluated the response of radishes under the influence of copper (O to 100 mg
L) and observed that an increase in the concentration of copper affected the germination percentage,
length of the root and of the aerial parts, fresh weight of the root and of the aerial parts, and vigor
index.

In relation to total length of the chia seedlings (figure 3A), there was a reduction from 8.41 cm
(control) to 7.08 cm (240 mg L%). Similarly, the length of the aerial part decreased from 3.01 cm
(control) to 2.72 cm and the length of the roots decreased from 5.40 cm (control) to 4.36 cm for the
highest concentration of copper used (240 mg L?). The dry mass decreased from 0.65 mg to 0.47
mg (240 mg L?) (figure 3B).
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Figure 3 — Length (A) and dry mass (B) of chia seedlings exposed to different concentrations of copper.

It is known that plants need low quantities of copper in the soil, and that seeds can germinate
under these conditions. However, high quantities of copper in the soil can affect the development
of seedlings, ceasing root growth by interfering with mitotic division (YILDIZ et al., 2009) or causing
a shortage of nutrients for the embryo due to a decrease in the mobilization of reserves in the
cotyledons (KARMOUS et al., 2011). According to Jones et al. (2013), tolerance to toxic metals
varies among individuals of the same species and among different species. For example, corn is
more sensitive to copper than beans and, when exposed to the same concentration of copper, these
species exhibit different toxic effects (KO et al., 2012).

Seeds use nutrient reserves as a source of metabolites for respiration. The toxic solution
enters the seeds through the teguments and causes oxidative stress and interferes with the activity
of enzymes, such as a-amilase e 3-amilase, which are responsible for the degradation of starch that
is the main resource in seeds used during the germination process (KO et al., 2012). Therefore, the
inhibition of these enzymes can indicate the mechanisms of toxicity and sensitive plants exposed to
these elements can serve as indicators in contaminated environments because they respond rapidly
to the deleterious effects (KONG, 2013).

Using other solutions that also simulate copper toxicity, Borog & Micle (2015) found that the
higher the concentration of copper, the more negative the effects were on the length of the aerial part
and of the root of sunflowers at concentrations of 50 to 100 ppm. Silva et al. (2010) worked with
different levels of copper and found a reduction in the growth of Peltophorum dubium seedlings at
concentrations over 150 mg kg?*.
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At 200 mg L* of copper, Borges et al. (2016) observed a high incidence of Brachiaria
brizantha (cv. Piata, Marandu e MG5) and Brachiaria decumbens seedlings without a radicle. In
addition, Girotto et al. (2014) observed a reduction in dry mass of the root and aerial parts, as
well as interveinal chlorosis, when Avena strigosa was cultivated in high concentrations of copper.
According to Feng et al. (2016), the root is the primary part of the seedling that is in contact with a
contaminated substrate and, because of this, the length of the radicle is one of the most affected
parameters in tests with this element (LI et al., 2007; MUCCIFORA & BELLANI, 2013). This metal
can interfere with mitotic division causing the radicle not to grow or reducing its length (LIU et al.,
2014). The loss of apical dominance is another factor that influences radicular length due to an
increase in branching and the formation of edemas in the roots (KOPITTKE et al., 2007).

Indications of copper toxicity can vary among plant species. However, generally, there are
changes in root growth of cultivated plants in soil with high levels of this element. Among the
signhals, a dark coloration, thickening, reduction in length, abnormal branching (PAVLTKOVA et al.,
2007) and thinner roots with dark apices are cited, as observed in the present study.

This work showed that an increase in copper concentration in the substrate promoted a
significant decrease in the germination of chia seeds. These results can be used to help in the
selection and careful application of fungicides and fertilizers with high concentrations of copper.
In addition, a detailed investigation of the soil and water for the presence of toxic metals is
recommended before cultivating chia.

CONCLUSION

The chia seeds moderately tolerate exposure to copper, up to 120 mg L* during the germination
phase and up to 60 mg L in the initial development phase.

REFERENCES

Adrees, M.; S. Ali; M. Rizwan; M. lbrahim; F. Abbas; M. Farid; M. Zia-ur-Rehman; M. K. Irshad & S. A. Bharwana.
The effect of excess copper on growth and physiology of important food crops: a review. Environmental Science and
Pollution Research International. 2015; 22(11): 8148-8162.

Borges, K. S. C.; R. C. D’Avila; M. L. Campos; C. M. M. Coelho; D. J. Miquelluti & N. S. Galvan. Germination and initial
development of Brachiaria brizantha and Brachiaria decumbens on exposure to cadmium, lead and copper. Journal of
Seed Science. 2016; 38(4): 335-343.

Boros, M.-N. & V. Micle, V. Copper influence on germination and growth of sunflower (Helianthus annuus). Ambientum.
2015; 60(1-2): 23-30.

Brasil. Ministério da Agricultura, Pecuaria e Abastecimento. Regras para analise de sementes. Secretaria de Defesa
Agropecudria. Brasilia: Mapa/ACS; 2009. 399 p.

Busilacchi, H.; M. Bueno; C. Severin; O. Di Sapio; M. Quiroga & V. Flores. Evaluacion de Salvia hispanica L. cultivada
en el sur de Santa Fe (Republica Argentina). Cultivos Tropicales. 2013; 34(4): 55-59.

Chitra, K. Effects of copper on germination and seedling growth of radish (Raphanus sativus L.). Journal of Environmental
Science, Toxicology and Food Technology. 2017; 11(4): 1-2.

Coelho, M. S. & M. M. Salas-Mellado. Composigao quimica, propriedades funcionais e aplicacdes tecnoldgicas da
semente de chia (Salvia hispanica L.) em alimentos. Brazilian Journal of Food Technology. 2014; 17(4): 259-268.

Drab, M.; A. Greinert; J. Kostecki & M. Grzechnik. Seed germination of selected plants under the influence of heavy
metals. Civil and Environmental Engineering Reports. 2011; 7(7): 47-57.

Feng, R.; G. Liao; J. K. Guo; R. Wang; Y. Xu; Y. Ding; L. Mo; Z. Fan & N. Li. Responses of root growth and antioxidative
systems of paddy rice exposed to antimony and selenium. Environmental and Experimental Botany. 2016; 122: 29-38.

Acta Bioldgica Catarinense. 2018 Set-Dez;5(3):42-49



Tolerance of chia seeds to copper

Py Acta

Ferreira, D. F. Sisvar: a computer statistical analysis system. Ciéncia e Agrotecnologia. 2011; 35(6): 1039-1042.

Fidalgo, F.; M. Azenha; A. Silva; A. de Sousa; A. Santiago; P Ferraz & J. Teixeira. Copper induced stress in Solanum
nigrum L. and antioxidant defense system responses. Food and Energy Security. 2013; 2(1): 70-80.

Girotto, E.; C. A. Ceretta; G. Brunetto; A. Miotto; T. L. Tiecher; L. De Conti; C. R. Lourenzi; F. Lorensini; P |. Gubiani;
L. S. Silva & F. T. Nicoloso. Copper availability assessment of Cu-contaminated vineyard soils using black oat
cultivation and chemical extractants. Environmental Monitoring and Assessment. 2014; 186(12): 9051-9063.

Harichova, J.; E. Karelova; D. Pangallo & R Ferianc. Structure analysis of bacterial community and their heavy-metal
resistance determinants in the heavy-metal-contaminated soil sample. Biologia. 2012; 67(6): 1038-1048.

Jones, R. L.; H. Ougham; H. Thomas & S. Waaland. The molecular life of plants. American Society of Plant Biologists.
oboken, NJ: Wiley-Blackwell; 2013. 766 p.

Kalai, T.; K. Khamassi; J. A. T. da Silva; H. Gouia & L. B. Ben-Kaab. Cadmium and copper stress affect seedling
growth and enzymatic activities in germinating barley seeds. Archives of Agronomy and Soil Science. 2014; 60(6):
765-783.

Karimi, B; R. A. Khavari-Nejad; V. Niknam; F. Ghahremaninejad & F. Najafi. The effects of excess copper on
antioxidative enzymes, lipid peroxidation, proline, chlorophyll, and concentration of Mn, Fe, and Cu in Astragalus
neomobayenii. The Scientific World Journal. 2012; 2012:1-6.

Karmous, I.; E. El Ferjani & A. Chaoui. Copper excess impairs mobilization of storage proteins in bean cotyledons.
Biological Trace Element Research. 2011; 144(1-3): 1251-1259.

Ko, K.-S.; R-K. Lee & I. C. Kong. Evaluation of the toxic effects of arsenite, chromate, cadmium, and copper using
a battery of four bioassays. Environmental Biotechnology. 2012; 95(5): 1343-1350.

Kong, I. C. Joint effects of heavy metal binary mixtures on seed germination, root and shoot growth, bacterial
bioluminescence, and gene mutation. Journal of Environmental Sciences. 2013; 25(5):889-894.

Kopittke, P M.; C. J. Asher; R. A. Kopittke & N. W. Menzies. Toxic effects of Pb%* on growth of cowpea (Vigha
unguiculata). Environmental Pollution. 2007; 150(2): 280-287.

Li, C.-X.; S.-L. Feng; Y. Shao; L.-N. Jiang; L. Xu-Yang & X.-L. Hou. Effects of arsenic on seed germination and
physiological activities of wheat seedlings. Journal of Environmental Sciences. 2007; 19(6): 725-732.

Liu, J. J.; Z. Wei & J. H. Li. Effects of copper on leaf membrane structure and root activity of maize seedling.
Botanical Studies. 2014; 55(47): 1-6.

Menon, P; N. Joshi & A. Joshi. Effect of heavy metals on seed germination of Trigonella foenum-graceum L.
International Journal of Life-Sciences Scientific Research. 2016; 2(4): 488-493.

Migliavacca, R. A.; T. R. B. Silva; A. L. S. Vasconcelos; W. Mourao Filho & J. C. Baptistella. O cultivo da chia no
Brasil: futuro e perspectivas. Journal of Agronomic Sciences. 2014; 3: 161-179.

Mohammadi, Z.; S. M. Nabavi Kalat & R. Sadrabadi Haghaghi. Effect of copper sulfate and salt stress on seed
germination and proline content of Psyllium (Plantago psyllium). American-Eurasian Journal of Agricultural &
Environmental Sciences. 2013; 13(2): 148-152.

Moraes, R. M.; R R. Santos Filho; M. Carvalho; M. L. Nogueira & S. Barbosa. Effects of copper on physiological and
cytological aspects in Lactuca sativa L. Revista Brasileira de Biociéncias. 2015; 13(2): 115-121.

Muccifora, S. & L. M. Bellani. Effects of copper on germination and reserve mobilization in Vicia sativa L. seeds.
Environmental Pollution. 2013; 179: 68-74.

Nakagawa, J. Testes de vigor baseados no desempenho de plantulas. In: Krzyzanowski, F. C.; R. D. Vieira & J. B.
Franca Neto (Eds.). Vigor de sementes: conceitos e testes. Londrina: ABRATES; 1999. p. 2-24.

Pavlikova, D.; M. Pavlik; L. Staszkova; R TlustoS; J. Szakova & J. Balik. The effect of potentially toxic elements and
sewage sludge on the activity of regulatory enzyme glutamate kinase. Plant Soil Environmental. 2007; 53(5): 201-
206.

Ruyters, S.; R Salaets; K. Oorts & E. Smoldres. Copper toxicity in soils under established vineyards in Europe: a
survey. Science Total Environmental. 2013; 443: 470-477.

Sacristan, D.; R. A. V. Rossel & L. Recatala. Proximal sensing of Cu in soil and lettuce using portable X-ray
fluorescence spectrometry. Geoderma. 2016; 265: 1-6.

Acta Biolégica Catarinense. 2018 Set-Dez;5(3):42-49



é
[ 4

' s = Tolerance of chia seeds to copper

CActa

Silva, R. F.; Z. |. Antoniolli; M. Lupatini; L. L. Trindade & A. S. Silva. Tolerancia de mudas de canafistula (Peltophorum
dubium (Spreng.) Taub.) inoculada com Pisolithus microcarpus a solo com excesso de cobre. Ciéncia Florestal.
2010; 20(1): 147-156.

Silva, R. F; C. O. Ros; A. Dellai; A. L. Grolli; D. L. Scheid & P Viel. Interferéncia de doses de cobre no crescimento e
na qualidade de mudas de Bauhinia forficata Link, Pterogyne nitens Tul e Enterolobium contortisiliquum Vell. Ciéncia
Florestal. 2016; 26(2): 647-655.

Smiri, M. & T. Missaoui. The role of ferredoxin: thioredoxin reductase/thioredoxin m in seed germination and the
connection between this system and copper ion toxicity. Journal of Plant Physiology. 2014; 171(17): 1664-1670.

Yildiz, M.; I. H. Cigerci; M. Konuk; F. Fidan & H. Terzi. Determination of genotoxic effects of copper sulphate and cobalt
chloride in Allium cepa root cells by chromosome aberration and comet assays. Chemosphere. 2009; 75: 934-938.

Yruela, I. Copper in plants: acquisition, transport and interactions. Functional Plant Biology. 2009; 36(5): 409-430.

Acta Biolégica Catarinense. 2018 Set-Dez;5(3):42-49




