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Foliar application of silicon and the effect
on wheat seed yield and quality’

Samantha Rigo Segalin?, Caroline Huth? Thais D" Avila Rosa?, Didgenes Barella
Pahins?, Liliane Marcia Mertz**, Ubirajara Russi Nunes?, Thomas Newton Martin?

ABSTRACT - Adequate nutrients for plants are important for increasing the yield and quality of the seeds produced. The
objective of this study was to evaluate foliar fertilization with silicon in wheat and its effect on seed yield and physiological
quality. Treatments consisted of two silicon dosages (three and six liters silicon per hectare) and the control (no silicon) and
five wheat cultivars: OR “Quartzo”, OR “Onix”, Fundacep “Linhagem”, Fundacep “Campo Real” and Fundacep “Horizonte”.
The experimental design was randomized blocks with four replications. After physiological maturity, harvesting and threshing
of the seeds were done manually. Seed samples were evaluated for yield and physiological quality from the germination test,
first germination count, seedling dry weight, accelerated aging, electrical conductivity, 1000 seeds and hectoliter weights. The
results showed that the foliar application of silicon at the dosages tested did not affect the yield and physiological quality of
the seeds produced by the wheat cultivars.

Index terms: Triticum aestivum L., fertilization, seed vigor.

Aplicacao foliar de silicio e alteragdes no rendimento
e na qualidade de sementes de trigo

RESUMO - A disponibilidade adequada de nutrientes as plantas é de fundamental importancia tanto para incrementos em
rendimento bem como, para a produc¢do de sementes de elevada qualidade. Dessa forma, objetivou-se com esse trabalho
avaliar o efeito da adubag@o foliar com silicio em trigo, no rendimento e na qualidade fisiologica das sementes produzidas. Os
tratamentos consistiram de duas doses de silicio aplicados via foliar (trés e seis litros de silicio por hectare), além da testemunha
(sem aplicagdo do produto). Foram utilizadas cinco cultivares de trigo (OR “Quartzo”, OR “Onix”, Fundacep “Linhagem”,
Fundacep “Campo Real” e Fundacep “Horizonte”). O delineamento experimental foi blocos ao acaso, com quatro repetigdes.
Apbs a maturidade fisiologica, efetuou-se a colheita e a debulha das sementes de forma manual. Posteriormente, as amostras
foram encaminhadas ao laboratdrio de analise de sementes onde foram efetuadas as avaliagdes do rendimento e da qualidade
das sementes, por meio dos testes de germinagao, primeira contagem da germinagdo, massa seca de plantulas, envelhecimento
acelerado, condutividade elétrica, massa de mil sementes e massa hectolitro. A aplicacdo de silicio, nas cultivares de trigo e

nas doses testadas, ndo afeta o rendimento nem a qualidade fisiologica das sementes produzidas.

Termos para indexagao: Triticum aestivum L., nutri¢do, vigor de sementes.

Introduction

Wheat is the second most produced cereal in the world
and is important in the global agricultural economy. The crop is
grown in the South, Southeast and Centre-west regions of Brazil,
producing 5.8 mmT on around 2.1 mm ha (CONAB, 2012).
Wheat consumption is projected to increase by 1.31% per
year but internal production is still less than the domestic
demand (MAPA, 2012). One of the factors which contribute
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to productivity increases is the use of high quality seed
and considering that certified seed use is currently around
70%, there is an annual demand of 200,000 T of wheat seed
(ABRASEM, 2011).

The production of low quality seeds is a chronic problem
for the seed industry (Grisi et al., 2009). Innumerable factors
may influence the yield and final quality of seeds produced,
including crop management, the production environment
(Nakagawa et al., 2004), the cultivars (Coventry et al., 2011)
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and the quality of the seeds planted (Lima et al., 2006). The
adequate availability of nutrients is also essential for providing
ideal crop conditions since the nutritional condition of plants affects
the quality of the seeds they produce (Dornbos Junior, 1995).

Crop demand for nutrients is generally more intense at the
start of reproduction, being critical at seed formation, when
considerable amounts of nutrients are translocated to seeds
(Teixeira et al., 2005). Adequate nutrient availability benefits
embryo formation and also the accumulation of seed reserves,
not only contributing to yield increase but also to seed vigor
and physiological quality. In black oats, studies with nitrogen
fertilizer improved the productivity and quality of the seeds
produced (Schuch et al., 1999; Nakagawa et al., 2000).

Among the factors which may influence seed quality is
silicon, which although not considered an essential element for
plant development, results in significant effects in agriculture
since this micronutrient reduces various stress factors suffered by
the plant, both biotic and abiotic (Carvalho et al., 2009). Among
the advantages of using silicon in agriculture are a reduction in
water stress, since this element reduces transpiration; an increase
in photosynthetic efficiency, by maintaining the leaves more
erect and rigid and with more light interception; and an increase
in resistance to diseases, pests, the cold, salinity and toxicity
caused by an excess of Al, Mn and Fe. Many of these benefits are
attributed to a layer of silicon accumulating beneath the cuticle
(Epstein, 1999; Mauad et al., 2003).

The capacity to absorb silicon varies with different
plant species. In rice, wheat and barley, its absorption is an
active process (Rains et al., 2006), whereas in sunflower it
is absorbed both actively and passively, depending on its
external concentration (Liang et al., 2006). However, there
are few studies relating plant fertilization and nutrition to the
quality of the seeds produced and in the case of elements such
as silicon, the situation is even more critical. There is also
commercial pressure to make silicon-based products available,
arguing that there are benefits to crops but experimental
results to support any benefits in wheat are lacking.

The objective of this study was to evaluate the effect
of foliar fertilization with silicon in wheat on the yield and
physiological quality of the seeds produced.

Material and Methods

This study was done at the experimental area of the
Department of Plant Science, Federal University of Santa
Maria, Santa Maria — Rio Grande do Sul State, Brazil, in
the Central Depression climate region at an altitude of 95 m,
latitude 29°42°24” S and longitude 53°48°42” W. According
to Koppen’s classification, the main climate is high humid

tropical (Cwa) (Moreno, 1961). The soil belongs to the Sao
Pedro mapping unit, being classified under the Brazilian Soil
Classification System as a Red, Sandy, Dystrophic Argisol
(Embrapa, 2006).

The experiment was installed on soybean residues
(2010/2011 crop) and the weeds, pests and diseases were
managed according to recommendations made by the
Meeting of the Brazilian Commission for Wheat and Triticale
Research, 2011 (RCBPT, 2011). The wheat was sown on
June 10%, 2011, using 410 viable seeds per m?. Fertilization
was done according to the soil analysis results using a base
formulation of 300 kg.ha'! of a 5-30-20 fertilizer formula.
Topdressing was a nitrogen application (urea, 45% N) in
the tillering stage (90 kg of N.ha™') split between the start of
tillering and full tillering.

The experimental design used were randomized blocks with
four replications and the treatments were organized in a factorial
(five cultivars and three dosages of silicon). Cultivars used were:
OR “Quartzo”, OR “Onix”, Fundacep “Linhagem”, Fundacep
“Campo Real” and Fundacep “Horizonte” and the dosages of
silicon applied were 0 (control — no application), three and six
liters of product per ha. Each experimental block consisted of 11
rows, 2.5 m long with 0.2 m spacing between rows.

The silicon applications were applied on the leaves with
a backpack sprayer with the silicon dosages (3 and 6 L.ha)
split respectively into three applications of 1 and 2 L.ha’', at
three different stages of development according to the Feeks
scale (Large, 1954): tillering stage: stage 3 (tillers formed);
elongation: stage 8 (last leaf appears) and anthesis: stage 10.1
(ear formation).

After the physiological maturation of the seeds
(05/11/2011), an area of the block (5.5 m?) was manually
harvested. Seed yields were adjusted to 13% moisture content.
The samples were taken to the Seed Research Laboratory of
the Plant Science Department of the Federal University of
Santa Maria, to determine seed physiological quality using
the following tests: (i) Germination: four replications of 200
seeds, sown in germitest paper rolls, moistened with 2.5 times
the weight of the dry paper and kept in a germinator at 20 °C.
The evaluations were made at four (first count) and seven days
after the start of the test, as set out in the Seed Analysis Rules
- RAS (Brasil, 2009), with results expressed as a percentage
of normal seedlings; (i) First germination count: done at
the same time as the germination test, determining the mean
percentage of normal seedlings, four days after the beginning
of the test. The results were expressed as a percentage of
normal seedlings. (iii) Seedling dry weight: after measuring
seedling length, these were cut, separating the aerial part from
the roots. The material was then placed in aluminium capsules
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and kept in a forced air convection oven at 80 °C for 24 h. Dry
plant weight was measured using a precision balance (0.0001 g)
and the results were expressed in grams. (iv) Accelerated aging
test: done in a gerbox-type plastic box adapted with mesh, with
40 mL of distilled water added. The seeds were placed on the
mesh having no contact with the water. The boxes were closed
and taken to an incubating oven for 48 hours, at a temperature
of 42 °C, maintaining the relative humidity close to 100%. The
seeds were then sown as previously described for germination,
with four replications of 200 seeds per treatment, with
evaluations made four days after the beginning of the test; (v)
Electrical conductivity: with four replications of 50 weighed
seeds, which were immersed in 75 mL of deionized water.
The samples were stored at 20 °C for 24 hours after which
the electrical conductivity of the immersion solution was read
and the results expressed in uS.cm.g! seed; (vi) 1000 seed
weight: with four replications of eight subsamples of 100 seeds
as described in RAS (Brasil, 2009) and (vii) Hectoliter weight:
the weight of 100 L, expressed in kilos per hectoliter (Kg. hL™")
was determined, using a specific gravity balance according to
the methodology described in RAS (Brasil, 2009).

The results in percentages were transformed into arcsine

Jx/100 in order to comply with the premises of the analysis
of variance, where x represents the percentage of normal
seedlings obtained from the tests. The means were compared
by the Scott- Knott test at the 5% probability level. Sisvar
software was used for the statistical analyses (Ferreira, 2008).

Results and Discussion

The experiment was not affected by weeds, pests or
diseases due to preventive chemical control measures.
The analysis of variance (Table 1) shows that for the first
count, accelerated aging and 1000 seed weight, the block
effect was significant, indicating heterogeneous blocks and
that the use of randomized blocks was a correct decision.
However, for germination, dry weight, electrical conductivity,
hectoliter weight and seed production, the blocks were not
heterogeneous. Although the non-significance of block effects
in most tests demonstrated the suitability of a completely
randomized experimental design, according to Cargnelutti
Filho and Guadagnin (2011), the use of blocks should be
a priority in order to guarantee control of the sources of
heterogeneity when present.

Table 1. Summary of the analysis of variance for the parameters evaluated for different cultivars of wheat seed fertilized with silicon:
germination (G, %), first count (FC, %), dry weight (DW, g), accelerated aging (AA, %), mass electrical conductivity (EC,
uS. emrl. gh), 1000 seed weight (TSW, g), hectoliter weight (HW, kg. hL") and seed production (SP, t. ha™').

Mean Squares

FV
GL G (%) FC DW AA
Blocks 3 4.57 486.25* 0.0002 232.9%
Cultivars (A) 14.23%* 76.88%* 0.0003* 222.8%
Silicon (D) 2 0.14 11.10 0.0003 181.14
AxD 8 222 350.37 0.0002 45.16
Residual 42 4.93 975.73 0.0002 34.44
CV (%) 2.33 5.47 11.30 6.72
Mean 95 88 0.1280 87
Mean Squares
FV
GL EC TSW HW SP
Blocks 3 63.24 40.35% 0.539 321.06
Cultivars (A) 123.8%* 56.96* 7.102 580.2*
Silicon (D) 2 2.12 6.74 1.122 333.83
AxD 8 4.53 4.27 1.579 94.75
Residual 42 23.77 11.03 1.739 186.09
CV (%) 22.44 10.25 1.69 13.64
Mean 21.73 32.39 78.19 3.162

*Significant at the 5% level of probability according to the F test.

The cultivar x silicon dosage interaction was not significant
showing that cultivar behavior is independent of the silicon
dosage used (Table 1). There was a significant effect for the

cultivar factor, demonstrating that cultivars show distinct
behaviors for the variables evaluated, except for the first
germination count, seedling dry weight and hectoliter weight.
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Data on seed quality are shown in Table 2 and independently
of the cultivar or treatment used, the seeds produced had a higher
percentage germination than that required for wheat seed (80%),
as established in Normative Instruction n° 25, of December 16",

2005 (MAPA, 2011). The minimum percentage in the germination
test was 94% and even after the seeds were stressed by accelerated
aging, they still maintained a minimum 81% of normal seedlings

(Table 2), demonstrating the high quality of the seeds obtained.

Table 2. Mean of parameters evaluated for different cultivars of wheat seeds: germination (G, %), first count (FC, %), dry weight
(DW, g), accelerated aging (AA, %), mass electrical conductivity (EC, uS.cm™.g ), 1000 seed weight (TSW, g), hectoliter

weight (HW, kg. hL') and seed production (SP, t.ha).

Cultivar G FC DW AA EC TSW HW SP
Quartzo 95b 87 0.135 90 a 2137a 3527a 77.08 b 33la
Onix 95b 87 0.121 86 b 25.11b 29.67b 78.70 a 2.83b
Linhagem 94 b 89 0.126 92a 2491b 30.87b 78.30Db 3.06b
Campo Real 96 a 88 0.130 88 a 1831 a 33.03a 77.80b 338a
Horizonte 97 a 90 0.126 81b 1892 a 33.14a 79.05 a 322a

Mean 95 88 0.128 87 22.44 32.39 78.2 3.16

CV (%) 2.33 5.47 11.30 6.72 21.73 10.25 1.69 13.63

*Means followed by the same letter in the column do not differ among themselves according to the Scott- Knott test, p > 0.05. Coefficient of variation percentage (CV, %).

The classification of cultivars at germination was different
from that obtained in the other vigor tests (accelerated aging
and electrical conductivity) (Table 2), with the Quartzo
and Campo Real cultivars showing a better physiological
quality. This difference may be explained by the fact that the
germination test is done under ideal conditions of humidity,
temperature and substrate (Lima et al, 2006), where
differences in genotype performance may not be expressed.

These data agree with studies by Fanan et al. (2000),
Lima et al. (2006) and Maia et al. (2007), who declared that
the accelerated aging test is suitable for evaluating wheat seed
vigor. The same can be said for electrical conductivity, since
according to Biaggioni et al. (2007) this test is efficient for
ranking wheat seed lots with different vigor levels, besides
being quick compared to other vigor tests, since it detects the
start of the process of seed membrane deterioration.

On the other hand, tests for the first germination count and
seedling dry weight showed no significant differences between
cultivars. These data agree with those of Battisti et al. (2011),
who showed that tests based on seedling performance (length
and dry weight) do not provide a reliable evaluation of wheat
seed physiological quality.

The cultivars which had a greater 1000 seed weight were
Quartzo, Campo Real and Horizonte, with the latter performing
worse in the accelerated aging test compared to the others. Thus,
it can be inferred that heavier seeds do not always show a higher
vigor. This agrees with Costa et al. (2004), who found that seed
size in soybeans had no influence on their physiological quality.

The Horizonte and Onix cultivars gave better results for
the hectoliter weight, whereas the rest gave poorer results. This
behavior was different to that obtained from the accelerated aging

and electrical conductivity tests, demonstrating that the hectoliter
weight is not suitable for evaluating wheat seed vigor. These results
disagree with those of Battisti et al. (2011), who believed that the
hectoliter weight may be used as a quick test for evaluating wheat
seed physiological quality even though these same authors declare
that this test should be complemented with other vigor tests.

The cultivars Quartzo, Campo Real and Horizonte gave
higher yields for seed production (Table 2).

The means of the results for parameters evaluated
for different silicon dosages showed that there were no
differences in the yield or quality of the seeds produced
(Table 3), although the positive effects on seed quality of
fertilizing with silicon have been described by some authors.
Calcium silicate applied to soils with low silicon levels at the
beginning of rice planting had a positive effect on the quality
of seeds produced (Vieira et al., 2011). Toledo et al. (2011)
working with silicon fertilization in common oats, recorded
a linear increase in the first germination count and a decrease
in electrical conductivity at the highest dosages, indicating
the production of higher quality seed. However, silicon
appears to influence other characteristics, such as pathogen
suppression (Rodrigues and Datnoff, 2005), and tolerance to
stress (Korndorfer and Pereira, 2002), instead of germination
and vigor, which are indirectly affected.

Different dosages of silicon also had no measurable
effects on seed production and mean productivity was 3.16
t. ha'. These results agree with those of Marchesan et al.
(2004), who observed no yield increases after applying silicon
in irrigated rice and with those of Freitas et al. (2011), who
saw no increases in corn production with the foliar application
of silicon. Therefore, crops growing under favorable conditions
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and free of pathogens can produce seed with a high physiological
quality and higher yields without silicon fertilization because this

element is not considered essential for plant growth even though
its absorption offers various benefits (Mauad et al., 2003).

Table 3. Mean of parameters evaluated for wheat seeds produced by fertilizing with different silicon dosages: germination (G, %),
first count (FC, %), dry weight (DW, g), accelerated aging (AA, %), mass electrical conductivity (EC, puS.cm™.g"'), 1000
seed weight (TSW, g), hectoliter weight (HW, kg.hL") and seed production (SP, t.ha™).

Dosages (L ha™) G FC DW AA EC TSW HW SP
0 95 89 0.126 86 b 21.65 32.49 78.47 3,071
3 95 88 0.125 91a 21.45 32.92 78.07 3,106
6 95 88 0.132 86 b 22.08 31.77 78.05 3,310

*Means followed by the same letter in the column do not differ among themselves according to the Scott- Knott test, p > 0.05.

Conclusion

The foliar application of silicon in wheat at the dosages
tested did not affect the yield and quality of the seeds produced.
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