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Abstract: The aim of this work was to verify the beneficial potential of Silicon
on the growth of potato genotypes in order to select potato genotypes that
best respond to Si application. Four potato genotypes were used: SM1J319-7,
Dakota Rose, SMIF212-3 and SMINIA793101, grown in hydroponic system. The
plants were transferred to nutrient solutions with four Si concentrations: 0; 0.5;
2.5; and 5.0 mM as NaSiO;. After seven days of exposure to treatments, leaf
area, leaf number, shoot length, and fresh and dry weight of roots, stem and
leaves were determined. The application of 0.5 mM Si promoted an increase in
growth parameters of plants used in this work, mainly in leaf area, leaf num-
ber, and leaf and stem dry weight. However, the application of higher concen-
trations of Si (2.5 mM) promoted reduction in the growth parameters, mainly
in leaf area. It was also possible to observe a genotypic variation with respect
to Si, SMIJ319-7 and SMIF212-3 genotypes being the most responsive to Si.
Therefore, the concentration of 0.5 mM Si is considered optimal for potentiat-
ing the growth of potato plants, and SMIJ319-7 and SMIF212-3 genotypes are
the most responsive to Si.

1. Introduction

Potato (Solanum tuberosum L.) is one of the most produced food crops
in the world, after rice, wheat and maize (Faostat, 2014), and because of
its popularity it is known as “The king of vegetables” (Roy et al., 2017). The
current potato production in Brazil exceeds three million tons per year,
with a planted area of more than 130 thousand hectares (Faostat, 2014).

Many variables affect the performance of potato plants. Among the
ones manageable by man, nutritional management is one of the most
important (Westermann and Davis, 1992). In southern Brazil, potato is
cultivated predominantly in acid soils, poor in calcium, magnesium and
with high aluminum (Al) and manganese contents. Accordingly, there is
evidence that silicon (Si) interacts with aqueous Al, thereby reducing its
bioavailability (and thus toxicity) and at the same time increasing the
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bioavailability of the essential element phosphorus
(Dietzel, 2002; Farooq and Dietz, 2015).

After oxygen, Si is the second most abundant ele-
ment in lithosphere and soil, representing about 28%
of Earth’s crust (Gunes et al., 2007). Silicon is consid-
ered an essential element only for some species
belonging to Poaceae and Cyperaceae families (Liang
et al., 2005), but the beneficial effects of this ele-
ment in growth, development, yield and resistance to
disease have been observed in a wide variety of plant
species (Ma, 2004). Yet it is not possible to demon-
strate its essentiality to all higher plants due to the
fact that there is no direct evidence that it partici-
pates of a molecule or of a constituent or metabolite
essential for plants (Epstein, 1999).

The beneficial effects of Si to plants are most evi-
dent under conditions of stress (Ma and Yamaji, 2008).
Published data suggest that Si increases tolerance to
drought (Gong et al., 2005), toxic metals (Gu et al.,
2011), UV-B radiation (Li et al., 2004), salt stress (Liang
et al., 2003) and resistance of plants to pests and
pathogens (Gao et al., 2011). Silicon also alleviates
mineral stress, such as manganese (Mn) and aluminum
(Al) toxicity, and P deficiency (lwasaki et al., 2002).

A considerable amount of Si is found in various
food products, like grains/cereals and their products
(e.g. breakfast cereals, bread, beer), fruit and certain
vegetables (bananas, currants, beans, lentils), and all
natural waters (Bissé et al., 2005). According to
Nielsen (2009), a high consumption of Si may be ben-
eficial, facilitating the absorption or the use of some
minerals, including magnesium and copper, which
are essential for growth and bone maintenance, car-
diovascular health and wound healing.

There is no current information available on bene-
ficial effects of Si on the growth of potato genotypes.
Taking into account that about 40% of the world’s
arable soils have acid pH and toxic concentrations of
Al (Ramanujan, 2014), including the soils in Rio
Grande do Sul, and that potatoes are grown in a large
area in this state, it is important to analyze the effect
of Si on potato plant growth. The objective of this
study was to analyze the effect of different Si con-
centrations on the growth parameters of potato
genotypes, seeking to select potato genotypes more
responsive to Si and the optimal Si concentration.

2. Materials and Methods

The tests were carried out at the Laboratory of
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Plant Biotechnology and in greenhouses belonging to
the Department of Biology at the Federal University
of Santa Maria. Four potato (Solanum tuberosum L.)
genotypes were used: SMIJ319-7, Dakota Rose,
SMIF212-3 and SMINIA793101.

Microtubers of four potato genotypes obtained
from the Genetics Program and Improvement of
Potato, UFSM, Santa Maria, RS, were propagated in
plastic cups of 300 mL, using sand as substrate, and
irrigated daily with nutrient solution. After about
three weeks, 40 uniform plants of each genotype
(shoot length of 5 cm) were chosen, the roots were
washed in running water to remove the substrate
and plants were transferred to hydroponic system
consisting of a vessel with capacity of one liter. The
plants were exposed to complete nutrient solution
for three days for acclimatization. The nutrient solu-
tion was as follows (in uM): 6090.5 N; 974.3 Mg;
4986.76 Cl; 2679.2 K; 2436.2 Ca; 359.9 S; 243.592 P;
0.47 Cu; 2.00 Mn; Zn 1.99; Ni 0.17; B 24.97; 0.52 Mo;
47.99 Fe (FeSO,/Na EDTA). After this acclimatization
period, the plants were cultured for seven days in a
new nutrient solution (pH 4.5+0.1) exposed to four
different concentrations of silicon (Si): 0; 0.5; 2.5; and
5.0 mM, as NaSiO;. This pH was used to ensure
greater availability of Si, and to prevent its interac-
tion with cations in the solution. The treatments
were arranged in a randomized design, with 10 repli-
cates per treatment and one plant for repetition. The
nutrient solution with Si treatments was replaced
every 48 hours and pH was adjusted daily.

Seven days after the start of exposure to treat-
ments, the plants were collected to determine leaf
area (with leaf area integrator AM 300, ADC
BioScientific Ltd.), leaf number, shoot lenght (with
scale graduated in millimeters) and dry weight of
leaves, stem and roots.

For the statistical analysis, the data was checked
for normal distribution of errors by the Anderson-
Darling test and homogeneity of variances by the
Bartlett test for all experiment variables. When these
assumptions were met, it was proceeded to variance
analysis and Scott-Knott test for treatments at 5%
error probability, using Sisvar application (Ferreira,
2008).

3. Results and Discussion

For SMIJ319-7 and SMINIA793101 genotypes, the
concentration of 0.5 mM silicon (Si) promoted an



increase in leaf area compared with control (without
Si) (Fig. 1A). This result is consistent with studies of
other species showing the Si ability, when applied at
low levels (Barcelo et al., 1993), to stimulate growth
and development of plants, particularly under abiotic
and biotic stress (Epstein, 1999; Ma, 2004; Liang et
al., 2007; Dorneles et al., 2017).

The increase in leaf area promoted by Si can
result in greater interception of solar radiation, and
consequently greater accumulation of biomass in
these plants. For SMIF212-3 and Dakota Rose geno-
types, there were different responses in leaf area
among treatments (Fig. 1A), indicating that there is a
genotypic variation in relation to Si effects on potato
plants. The concentrations of 2.5 and 5.0 mM Si pro-
moted a reduction in leaf area in Dakota Rose geno-
type compared with control, suggesting that in this
genotype, this parameter is more sensitive to high Si
concentrations. Besides, the concentration of 2.5
mM of Si also promoted leaf area reduction for
SM1J319-7 and SMINIA793101 genotypes. Silicon is
able to interact with essential ions to plants, such as
Mg, Zn and Fe (Liang et al., 2005; da Cunha et al.,
2008; Naeem et al., 2014), thus the excess of Si may
lead to the immobilization of these elements in the
apoplast of these plants.

For the SMI1J319-7, SMIF212-3 and SMINIA793101
genotypes, 0.5 mM Si promoted an increase in the
leaf number compared to the control (Fig. 1B), while
for the Dakota Rose genotype there was no signifi-
cant difference among treatments. The literature
reports that Si plays a favorable role in growth by
improving the acquisition of mineral nutrients (Lee et
al., 2010), possibly due to a kinetic relationship with
some nutrient absorption, thereby causing an
increase in biomass production. Thus, due to the pH
level used in this work, the effect of Si should take
place in the plant, which may lead to a better distrib-
ution of nutrients throughout the plant.

The presence of Si in the growth medium signifi-
cantly influenced on shoot length of potato geno-
types (Fig. 1C), where there was significant differ-
ence between Si concentrations and control (without
Si). For the Dakota Rose genotype, in all Si concentra-
tions, it was observed decreased shoot length com-
pared to control (Fig. 1C). Besides, for the
SMINIA793101 genotype, there was a reduction in
plant height at 2.5 mM Si. On the other hand, Si con-
centration of 0.5 mM promoted increase in plant
height for SM1J319-7 and SMIF212-3 genotypes, thus
this concentration can be optimal for the growth of
potato plants. These data suggest that Si has signifi-
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cant and beneficial effect on this parameter for all
genotypes, except for Dakota Rose, which did not
obtain a positive response to Si application.
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Fig. 1- Leaf area (A), leaf number (B) and shoot length (C) of
potato genotypes exposed to different silicon concentra-
tions in growth medium. Different lowercase letters indi-
cate significant differences between treatments in the
same genotype. Different capital letters indicate signifi-
cant differences between genotypes in the same treat-
ment.
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Silicon at 0.5 and 5.0 mM caused a significant
increase in yield of leaf dry weight only for SM1J319-7
and SMIF212-3 genotypes compared to the control
(without Si) (Fig. 2A). In SM1J319-7 plants, increased
biomass accumulation induced by Si coincided with
increase in leaf area, which may have promoted a
greater area of interception of sunlight. For SMIF212-
3 genotypes, the increase of leaf dry weight may be
explained by Si accumulation in the leaves, because
this genotype did not present increase in leaf area.
The increase in biomass of potato plants observed in
our study might be due to a higher rate of photosyn-
thesis, chlorophyll content and increased activity of
enzyme ribulose 1,5-bisphosphate carboxylase
caused by Si (Lee et al., 2010). On the other hand, 2.5
mM Si promoted a reduction on leaf dry weight for
SMINIA793101 and Dakota Rose genotypes. This
reduction in leaf dry weight accumulation caused by
the application of 2.5 mM Si in the genotypes
SMINIA793101 and Dakota Rose may be due to this
concentration not being sufficient for the activation
of possible Si transporters, which may be more active
in higher concentrations. Some non-accumulating Si
species like Cucumbita moschata Duch. and Solanum
tuberosum present differences in the expression of Si
transporters with increased application of this ele-
ment (Mitani et al., 2011 a, b; Vulavala et al., 2016).

For the SMI1J319-7 genotype, Si concentrations
(0.5 and 5.0 mM) promoted an increase in the pro-
duction of stem dry weight compared to control (Fig.
2B). The concentration of 0.5 mM Si also promoted
an increase in stem dry weight production for
SMINIA793101 genotype. Silicon deposited in tissues
can improve light trapping features for maintaining
more upright the leaf blade (Epstein, 1999), resulting
in increase of plant biomass. This deposition of Si in
tissues may have contributed to the increase of bio-
mass due to possible formation of a barrier to tran-
spiracional flow that could lead to higher efficiency
use of water (Lux et al., 2002; Shi et al., 2005). On
other hand, for the SMIF212-3 and Dakota Rose
genotypes, there was a negative effect of Si on the
production of stem dry weight.

For the root dry weight, there was significant dif-
ference between the Si concentrations in all geno-
types, where the presence of 0.5 mM Si promoted an
increase in root dry weight compared to control (Fig.
2C). On the other hand, higher concentrations of Si
(2.5 and 5.0 mM) generally promoted a reduction in
root dry weight compared to control. This indicates
that lower Si concentration (0.5 mM) is beneficial for
this parameter, but higher concentrations may be
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detrimental to root dry weight. In addition, this accu-
mulation of root dry weight is in agreement with low
stem dry weight for the Dakota Rose genotype, indi-
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Fig. 2 - Leaf dry weight (A), stem dry weight (B) and root dry wei-
ght (C) of potato genotypes exposed to different silicon
concentrations in growth medium. Different lowercase
letters indicate significant differences between treat-
ments in the same genotype. Different capital letters
indicate significant differences between genotypes in the
same treatment.



cating a Si effect on the mobilization of resources and
their accumulation in roots.

The behavior pattern of the genotypes in relation
to Si was similar. However, the Dakota Rose geno-
type has a higher root dry weight accumulation when
compared to the other genotypes. Nevertheless, it is
possible to observe that the effect of Si concentra-
tions on root dry weight accumulation for the Dakota
Rose and SMINIA793101 genotypes follow a similar
behavior pattern. The same may be observed when
comparing the behavior pattern of the SMI1J319-7
and SMIF212-3 genotypes, which are also similar.
These data show that genotypes SMI1J319-7 and
SMIF212-3 are more responsive to Si compared to
genotypes Dakota Rose and SMINIA793101. These
behavior patterns may be observed on all parame-
ters of this work, and may be explained by differ-
ences on expression of putative Si-transporter, which
may differ among genotypes and Si concentrations
(Mitani et al., 2011 a, b; Vulavala et al., 2016).

At high concentrations (2.5 and 5.0 mM), silicon
led to reduction of some growth parameters evaluat-
ed in the genotypes used in this study. This response
may be due to Si effects on immobilizing and com-
plex cations in plants apoplast (Shi et al., 2005;
Moussa, 2006; Farooq and Dietz, 2015). Some of
these cations may be nutrients such as zinc, magne-
sium and manganese, thereby the reduced absorp-
tion by the plant may lead to nutritional stress in the
long term.

In addition, the silicon deposited in leaves may
reduce the transpiration avoiding water loss by
plants (Hodson et al., 2005; Farooq and Dietz, 2015).
However, the excess of silicon on leaf surface may
possibly reduce transpiration so that it reduces pho-
tosynthetic processes that depend on gas exchange
and constant water flow.

Most research currently focus on Si potential in
abiotic stresses mitigation (Dorneles et al., 2016;
Pavlovic et al., 2016; Ashfaque et al., 2017).
However, studies demonstrating Si effects at high
concentrations are scarce and show that high con-
centrations of this element may reduce the produc-
tive and qualitative potential of plants (Marodin et
al., 2016; De Souza Ferraz et al., 2017). In addition,
some plant species are specialized in absorbing,
transporting and accumulating Si in their tissues due
to the presence of specific transporters (Farooq et
al., 2015; Sanglard et al., 2016). Such carriers may
also be present in other species (Mitani et al., 2011
b). Vulavala et al. (2016) demonstrated that the
genotype ‘Winston’ of Solanum tuberosum has
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mechanisms of transport responsive to Si. It is possi-
ble that the differences in the responses of the geno-
types of this study are due to differences in the
expression of these transporters. This reinforces the
importance of the present study, which provides data
for future recommendations for Si application in
potato plants.

4, Conclusions

The concentration of 0.5 mM of silicon may be
considered optimal, since it induced an increase in
growth parameters in potato plants, especially in leaf
area, leaf number and biomass of leaves and stems.
Furthermore, the most responsive genotypes to Si
were SMI1J319-7 and SMIF212-3, possibly due to mol-
ecular characteristics such as presence of Si trans-
porters. However, high Si concentrations may lead to
unfavorable responses in some potato genotypes.
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