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ABSTRACT

Considering that the beneficial effects of silicon on human health and it’s accumulation in plants are little explored,
studies of mineral nutrition in non-conventional vegetables are extremely relevant. Thus, the objective of this work
was to identify non-conventional vegetables responsive to silica fertilization and evaluate the effect of fertilization on
the content and accumulation of Si and macronutrients in these plants. The experiment followed a 4 x 5 factorial design,
with four species of non-conventional vegetabRsniex acetosh., Amaranthus retroflexus., Sonchus oleraceus
L. andStachys byzantinand five doses of Si (0, 25, 50, 100 and 150 mg§)dfine relative chlorophyll index, the fresh
and dry matter masses, the content and accumulation of Si and macronutrients were evaluated. Fheapetteals
S. oleraceusandS. byzantinshowed the highest contents and accumulation of Si. The application of doses above
100 mg dn? promoted the highest silicon content estimated for the species. The gpeetesflexusR. acetosand
S. byzantinare non-silicon accumulators, wher&®leraceuss intermediate.

Keywords: Amaranthus retroflexuls.; Rumex acetoda. ; Stachys byzantin€onchus oleraceus; minerals.

INTRODUCTION biotic and abiotic stresses in plants (Zanettal.,2016;

Silicon (Si) is the second most abundant element Il?1e|xoto&\]ur-uqr2017). o ] .
Another important characteristic of Si which has

the Earths crust wich the average content in soil ranging i
from 25 to 35%: howevein soils in which the weathering aroused the curiosity of researchers concerns the
process is very strong can contain less than 1% (Lirﬁésentiality of the mineral and its benefits to human health.
Filho, 2010). For plants, the main source of Si in soil i Performs several functions in the human haudh the
available in the form of silicic acid (8i0,) (Epstein & maintenance of bone health being undoubtedly the most
Bloom, 2006). relevant and of greater interest by scholars, especially

Although Si is not characterized as essential for pIam@l,Je to the large incidence and diversity of diseases related
several studies show that their growing performance i postmenopausal women and the elderly (Roeéba,
environments with Si availability is favored despite thei?014). Therefore, Siis an important mineral for both plants
stress, and are superior in comparison to those grownand humansVegetables can be favored by silicate
soils with a low availability of this mineral. This fact isfertilization, as well as becoming an excellent source of Si
mainly attributed to S§ capacity to promote tolerance toin humandiets.
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Silicate fertilization in non-conventional vegetables in the southern region of Minas Gerais in BrdZil

In this context of healthy eating, non-conventionabn pinus bark. Leaf fertilization was performed three times
vegetables have been gaining space and becomingimanthe seedlings with leaf fertilizesource of macro and
option as a source of vitamins, minerals, proteins and fibericronutrients, in the dosage of 1 mt bf water The
(Silvaet al.,2018c). These species include a series of plargsedlings were transplanted to pots when they reached 8
that have been widely appreciated as part of family meatsm in length. Th&. acetosandS. byzantinare commonly
but over the years have been forgotten or devalueghopagated vegetativel{hus, the propagules were
mainly by the rural exodus, which led people to consunteansplanted directly into the pots containing substrate,
more processed foods (Silea al., 2018a; Silveet al., using vigorous and healthy offspring.
2018b; Xavieet al.,2019). Plastic pots with a capacity of 3 élof soil were used,

Despite the beneficial effects of Si on various crops which a single plant was conditioned. The used
and its importance to human health, little is known abosubstrate consisted of an uncultivated soil collected in
its influence on the growth and mineral composition athe 0 to 20 cm layeclassified as a dystrophic red latosol
plants, especially those characterized as noiSantost al.,2013) with the following characteristics: pH
conventional, which have an important contribution tgin H,0) = 5.4; exchangeab#d = 0.10 cmo] dm?; C&* =
diet, economyand culture of traditional rural communities.2.12 cmol dm?, Mg = 0.74 cmoldm?®; P-Mehlich =2.91
The hypothesis is that plants may be favored with silicateg dm?®; K* =70 mg dn¥, Organic matter = 1.64 dag'kg
fertilization and that non-conventional vegetables enrichéd +Al = 3.35 cmo| dm?; V = 47.67%; Sum of bases = 3.04
with this element may supply the need for populations iemol, dm?; t = 3.14 cmoldm®; T = 6.39 cmaldm®, m =
situations of food insecurityrhus, the objective of this 3.18%; Soil texture = sandy clay
work is to identify non-conventional vegetables Correction of soil acidity was performed by applying
responsive to silicone fertilization and evaluate the effe@t4 g of dolomitic limestone per pot to raise base
of fertilization on the content and accumulation of Si andaturation to 70%. The soil was incubated for 15 days,

macronutrients in these plants. with moisture at 60% of watdrolding capacityThere is
no fertilizer recommendation for the species used in the
MATERIALSAND METHODS study Thus, it was decided that the fertilization of the

species would be performed according to the

The experiment was performed during the 2016 crapcommended by Malavolta (1981) for the cultivation of
year in Lavras, in the southern part of that® of Minas potted plantsAll plants were fertilized with 900 mg of
Gerais, Brazil, located at 21°14’S, 45°00'W and 918.8 m aitrogen, 450 mg of potassium and 600 mg of phosphorus
altitude. The climate of the region is Cwa (mesothermaper pot. Nitrogen and potassium were applied in quotas
with dry winter and rainy summeaiccording to Kdppen (three times), being the first fertilization performed five
classification (Alvarest al.,2013). days after transplanting seedlings, and the following

The experiment followed a 4 x 5 factorial design, withiertilizations every 10 days in between one another
four species of non-conventional vegetables, sorr®hosphorus was applied in a single dose when the plants
(Rumex acetoséa.) redroot amaranthAmaranthus were established in the pots. The fertilizers’ urea,
retroflexusL.), common sowthistleSonchus oleraceus potassium chloride, and monoammonium phosphate,
L.) and lambs ears @§achys byzantinabeing submitted respectively were used as sources of nitrogen,
to five levels of silicate fertilization (0, 25, 50, 100 and 15@otassium, and phosphorus.
mg dm?), totaling 20 treatments, with four replications = Hand weeding was performed weekly in pots to prevent
and one plant per experimental plot. The tests wet®mpetition with weeds. Due to the plasatiealth
performed in a greenhouse using a completelyroughout the experimental period, no intervention was
randomized design, assuming homogeneous experimerecessary to control pests and diseases. Drip irrigation
tal conditions. was performed according to the need of the plants.

The Si source used in the experiment labeled a The determination of the relative chlorophyll index
concentration of 98% SiCand 6.5% soluble Si. The Si (SPAD index) was performed using a 8P-502
doses were applied only once directly to the substrat@lorophyll meterThe method is characterized as non-
through surface incorporation, seven days before thiestructive and performed directly in the field.
transplanting seedlings. Measurements were made 35 days after transplanting on

The studied species derived from the germplasthe fully developed leaves of the upper third of plants. The
collection of non-conventional vegetables of the Federahalysis was performed near the harvest time due to a
University of Lavras (UFLA). The seedlings &f longer accumulation time of said mineral in those plants,
retroflexusandS. oleraceusvere produced from seeds,the moment in which it would be possible to identify any
in 200-cell plastic trays and commercial substrate baseffect of Si in the parameter
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To measure fresh and dry matter masses, thoskthe material, the higher the Si contents; however
plants produced from seeds were harvested when thesry high doses showed an antagonistic effect, reducing
reached a reproductive stage (flowering), a period dfie Si content in the plants (Figure 1).
higher demand and accumulation of minerals, whereas Based on the derivatives of calculated equations, Si
the plants vegetatively propagated were harvestealbses that would promote higher Si content in the species
when the first senescence leaves emerged. Soon afteuld be estimated. 240 mg drwas determined as the
the harvest, the shoot of plants (leaves and branche&®se responsible for the highest Si content estimated for
was weighed for measuring of fresh matter mas®. acetos#4.5 g kg in the dry matter). Fok. retroflexus
Subsequentlyall plants were washed individually in the application of 115 mg dfpromoted a Si content of
running waterrinsed with distilled water and placed3.44 g kg in dry matterThe application of 122.50 mg dm
individually in properly identified paper bagAll 3 SiinS. byzantinand 277.50 mg dfin S. oleraceus
materials were transferred to a convection oven atpgomoted the maximum estimated levels of 4.52 and 5.43 g
temperature of 65 °C, where they remained until all plankg Si in dry matter respectively
reached constant weiglifterward, the dry matter of The variation in the content and absorption capacity
each plant was determined. of Si within each species is influenced by genetics, and

For determination of the concentration of Si anduch variation is higher among different species due to
macronutrients, the shoot of the dehydrated plants wts absorption mechanisms used by each (Hoelsah,
milled individually in aThomasWiley mill. The Si  2005; Lianget al., 2015). There are three possible
contents of plants were determined through theechanisms of Si absorption by plaistive absorption,
colorimetric technique, a methodology described bin which Si absorption is fast, subsidized by Si
Korndérferet al. (2004). The Si accumulation wastransporters; passive absorption, which occurs in the
obtained by multiplying each plasttdry mass by its Si same direction as the planttanspiration stream, with Si
content. Through the methodology described by Silvabsorption equal to water absorption; and Si-excluding
(2009), the phosphorus content of the plants wadants, in which Si absorption is lower than water
determined by colorimetrypotassium by flame absorption by plants 8kahashet al.,1990).
photometry and calcium and magnesium by atomic The presence or absence of Si transporters, as well as
absorption spectrophotometry their higher or lower density in the plants, can explain the

For the variables Si content and Si accumulation thdifferences among species regarding the efficiency of Si
showed significance by the F tegk(.05), regression absorption. The rate of transpiration of plants is another
equations were fittedccording to the equations, dosesfavorable factor for Si absorption; the higher the rate, the
that provided higher content and Si accumulation in thgreater the absorption and accumulation efficiency of the
evaluated species were estimafgttlitionally, to identify  mineral (Jones & Handreck, 1967).
the existing relationships between Si and other variables, A similar result was obtained by D’Impergt al
an exploratory factorial analysis was performed. Th@016), which promoted an increase in Si contents in six
statistical tests were performed through the developmesyiecies of leaf vegetables cultivated in a hydroponic
of scripts in the R (R CorBeam) software for public use, system by applying 50 and 100 mg-#iofi Si in the nutrient
through the package M¥pt, version 1.9.6 (Ossani & solution. The experiment found no significant difference

Cirilo, 2017). in the mineral content among the studied plants. The
bioavailability values quantified by the authors in an in
RESULTSAND DISCUSSIONS vitro digestion process are much higher in plants that
) o received Si via nutrient solution when compared to the
Si content and accumulation in control treatment (0 mg df
non-conventional vegetable species The absorption of Si in rice plants varies depending

Non-conventional vegetable species showedn the applied doses of Si (Pettal.,2016) Although Si is
different Si content with the different applied doses aéin abundant element in the soil, the concentration of
the mineral. Thé&. oleraceushowed a higher Si contentminerals available for plants is usually loand its
at 0 mg dn#(3.95 £ 0.22 g k@), followed byR. acetosa absorption depends on the external supply (Jawahar &
(3.32£0.04 g kg). At the higher doseS§. oleraceukept  Vaiyapuri, 2013).
standing out in relation to the Si contédise 25 mg dm The availability of silicic acid to plants may decrease
3at4.60 £ 0.21 g kySi content; 50 mg ddat 5.39+ 0.25 as a function of the acid polycondensation, producing
g kg 100 mg dniat5.38 £ 0.03 g kgand 150 mg drhat  oligomeric silicic acid and colloidal particles of hydrated
5.06 £ 0.12). Howeveit varied according to the applied silica (SiQ.H,0), which are caused by high concentration
dose for the other species. The higher the applied dos¥#sSi in soil. Another relevant aspect are adsorption and
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desorption processes of Siin soil reactive materials, mairl25.88 mg drdwould promote maximum accumulation of
sesquioxides, reducing or increasing mineral availability3.17 mg Si plaritin A. retroflexusAccumulation of up to
in soil (Jones & Handreck, 1967). 109.78 mg Si plaritin S. byzantinavould be possible

The species are classified into three groups: Siith the application of 249 mg dh®i. The application of
accumulators, generally monocotyledons with Si leaf62.5 mg dni Si promoted a higher accumulation of Siin
content, which can exceed 10 gtk mineral in dry matter; Si in R. acetosaHowever considering that it was a dose
Sinon-accumulators, generally leguminous, with Si contentell outside the range of evaluated doses, the calculation
lower than 5 g k@, and the intermediates, with Si contentwvas performed with a maximum dose of 150 mg dmith
higher than 5 g kg but lower than 10 g kg Takahashet ~S. oleraceuplants showing an estimated maximum Si
al., 1990). accumulation of 77 mg plaht

With respect to the Si accumulatiof, byzantina Although all plants contain Si, they show great
stood out, showing better performance in all appliedariation in their accumulation capacity of this mineral in
doses of Si. TheR. acetosaspecies showed an their tissues. The difference in Si accumulation among
accumulation capacity inferior 8. byzantinabut su- species may be influenced by the root ability to intercept
perior to the others (Figure 2). TBeoleraceupresented the mineral. The Si concentrations may range from 1 g kg
an intermediate result at all doses, whereastroflexus * to over 100 g kg of dry matter (Ma andakahashi,
was the species that showed the lowest accumulation2fi2).
Si. Plants with higher leaf volume, suchRisacetosa Doses that provided higher or lower content and
andS. byzantinashow greater capacity to accumulateaccumulation of Si were different according to species.
Si. Similarly as to Si content, it was observed that $is the species in the present study are Si non-
accumulation is increasing until a determined dose, batcumulators, it is assumed that mineral absorption occurs
reducing at high doses. through a passive process that depends on the

Based on the derivatives of equations calculated ftranspiration capacity of plants, besides root interception
the determination of doses that would provide the besapacity of Si in each one. Si absorption is higher in the
estimated results for Si accumulation, it was indicated th&tasal regions of roots, being the apical meristem and the
by applying 119 mg drfy R. acetosawvould reach a root elongation zone lesdiefent in Si absorption (¥maji
maximum accumulation of 96.94 mg Si pfarithe dose of and Ma, 2007).

Si content (g kg)

1 1 t 1 t t i
0 25 50 75 100 125 150

Si Dose (mg dm)
—--»  Amaranthus retroflexus y=2.1218+0.0230x-0.0001x*> R?=0.81
----- + Rumex acetosa y= 3.3429+0.0096x-0.00002x> R?>=0.99
—— . Stachys byzantina y=3.0183+0.0245x-0.0001x%> R?=0.99
----- @ Sonchus oleraceus y=3.8848+0.0111x-0.00002x?> R?*=0.97

Figure 1: Average Si content in four non-conventional vegetable species as a function of silicon application.
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Effects of Si on other minerals and on increases the absorption of minerals, increases the total
agronomic parameters soluble sugaistarch content and dry matter accumulation

In order to verify the relationships and effects of Si ofXu €tal.,2016).
other minerals and on agronomic parameters, such asSi IS considered as a functional nutrient for several

biomass production, the exploratory analysis of the dag40Ps. especially for grasses, such as rice and sugarcane,
was performed. favoring the growth and development of these species

According to the exploratory factorial analysis of théHodsonet al.,2005; Epstein & Bloom, 2006). Si has a

R. acetosapecies (Figure 3A), except for variables K andYNergistic effect on other minerals in soil, and may
Ca, which showed an inverse correlation with the other§créase the availability of N and provides higher efficiency

Si positively correlated with, Rlg, fresh matter (EM), dry of phosphate fertilizers up to 10%, by reducing P retention
DM and SRD index, i.e.. the increase in Si content” soil and increasing soluble P levels (Sieghl.,2005;

promotes gains in the mentioned variables and vice véarfjIti et al., 2016). Jongruk (2002) reported that the

sa. The explanation of the total variance attributed to boﬂppl_i_cation _Of NPK fertilizers combined with _Si
factors was 84.53% &ble 1). significantly increased total N, P and K uptake of rice.
The variable least explained by the factorial mode inghet al (2005) state that the application of Siincreases
was phosphorus (P), whereas the most explained vvtas(,a uptake of K i_n rice. .

In a study with lettuce culture, Kleibet al (2015)

DM. These results can be verified by taking the . . . .
N vent y N9 ported that Si nutrition did not alter the Mn content in

. . T e
commonality of each variable. Commonality is how mucﬁ] . : o

. . . : the leaves of said culture. Howeyiécaused a significant
of the variance of variables is measured or explained b

ncr in relation to th ntrol treatment in
the extracted “f” factors. These factors are non-observedC ease elation to the control treaime

. . coacentrations of N,,Na, Fe and Si, and simultaneous
variables intended to be measured base on the observe
variables decrease of Zn and Cu contents.

Inth loratory fact vsisAn retrofl Fi In contrast to the results obtained in the stldyet
nthe e.xp. ora °r¥ ac orgna YS'S retroflexus(Fi- al. (2017) found that the biomass of the prisefgather
gure 3B), it is possible to identify that Ca and FM ar

- L ?A. hypochondriacuk.) increased incrementally inasmuch
antagonistic to each oth&promotes gains in the 8P

index. Both. h duction in K and DM as the doses of calcium silicate applied to soil also
index. Boih, howevercause a reduction in # and UM, reased. Howevethere was no more positivdedt on
variables, and vice versa. There is a strong pos't'\ﬁ‘?omass at higher doses

influence of Si on the Mg content and vice versa. Si

gegesr?ig hadsapoitlv;efefftont?ﬁ conteint OE_Ba’ fMtﬂ several crops have been widely reported. The effect is
an IndexinA. retiotiexus the explanation otthe ., o ovident in grasses such as rice, maize, sugarcane,

. . op (e
;o:;ael \1/;;1r|ance attributed to both factors was 73.51% (Fbearl millet and sorghum, among others (Liatg.,2015),

) S ) ~since they are characterized as Si accumulators. The
Ca inS. byzantingFigure 3C) promotes increases inygneficial effects of this mineral on dicotyledons such as

FM and DM. Howeverthe correlation is inverse with Si, o4tton  soybean, cucumber and some fruits, have been
indicating its negative effect on the mentioned Va”ableﬁroven and are being increasingly investigated.

Nevertheless, Si showed a positive effect on the contents Wanget al (2016) stated that the yield of apples was
of Pand of the SRD index.The explanation of the total gjgificantly increased in detriment of the application of
variance attributed to both factors was 76.24%b({&1). g; Chagast al (2016), in a study with rice and pearl

ForS. oleraceusit was verified that Si increases themjjlet cultivated in the Brazilian savanna, reported that
contents of K, PCa and Mg, but reduced FM and DMthe application of Si increases the yield of these crops.
(Figure 3D). The explanation of the total variance attributedgstaet al (2015) reported increased diameter of the
to both factors was 78.65%¢le 1). Palmer mangoes associated with the application of Si. Itis

The behavior and the relationships among thgossible to state that the effects of Si on crops are positive
variables Si, PK, Ca, Mg, FM and DM were d#rent and itis, therefore, a very promising mineral for increasing
according to the species. The existing relationshipgield, quality health and nutritional quality of several plant
especially with respect to these minerals, go far beyorgecies.
the chemical reactions occurring in soil, in detriment of |n studies performed in the last decade, the positive
fertilization with Si. effects of Si on chlorophyll biosynthesis were confirmed,

The application of Si, together with complete fertilizergspecially in plants growing under stress conditions. For
in rice crop, provides a higher crop yield, besidemstance, the application of Si + Cd caused an increase in
increasing the absorption of macro and micronutrientee content of chlorophyll a and b and carotenoids in
(Pati et al., 2016). In maize crop, fertilization with Si relation to the treatment in which only Cd was applied in

The positive effects of Si on yield and quality of

Rev CeresVicosa, v 66, n.6, p. 470-478, nov/dec, 2649
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Table1: Exploratory factor analysis considering the variables phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), silicon (Si), silicon accumulation (plant), fresh mass (FM

(DM) and SRAD index, as a function of silicon fertilization in the spedResicetosgA. retroflexus S. byzantinandsS. oleraceus

Factor R. acetosa

Y K Ca Mg Si Accumulation of Si FM DM SPAD index A %
1 0.190 -0.708 -0.717 0.287 0.845 0.964 0.716 0.781 0.550 4.200 64.69
2 -0.148 0.212 0.054 -0.244 -0.407 0.061 0.590 0.581 -0.552 1.288 19.84
Com.* 0.058 0.546 0.517 0.142 0.879 0.932 0.860 0.947 0.607 5.488 84.53
S\ 0.942 0.454 0.483 0.858 0.121 0.068 0.140 0.053 0.393 - -
Factor A.retroflexus

Y K Ca Mg Si Accumulation of Si FM DM SPAD index A %
1 0.467 -0.636 0.700 0.185 0.653 0.535 -0.730 -0.531 0.508 2.933 40.82
2 0.029 -0.422 0.237 -0.720 -0.727 -0.836 -0.341 -0.268 0.425 2.349 32.69
Com.* 0.219 0.582 0.546 0.553 0.955 0.984 0.649 0.354 0.439 5.282 73.51
SAVisd 0.781 0.418 0.454 0.447 0.045 0.016 0.351 0.646 0.561 - -
Factor S. byzantina

Y K Ca Mg Si Accumulation of Si FM DM SPAD index A %
1 0.073 -0.248 -0.744 -0.681 0.911 0.737 -0.855 -0.769 0.483 4.012 60.11
2 0.275 -0.279 -0.485 -0.546 -0.404 -0.046 0.019 0.463 -0.099 1.076 16.12
Com.* 0.081 0.139 0.789 0.762 0.993 0.545 0.732 0.806 0.243 5.089 76.24
SAVisd 0.919 0.861 0.211 0.238 0.007 0.455 0.268 0.194 0.757 - -
Factor S. oleraceus

Y K Ca Mg Si Accumulation of Si FM DM SPAD index A %
1 -0.656 -0.888 -0.669 -0.483 -0.873 -0.484 0.824 0.727 0.169 4.133 57.37
2 -0.050 -0.058 -0.469 -0.290 -0.026 -0.640 -0.369 -0.665 -0.485 1.533 21.28
Com.* 0.433 0.792 0.668 0.317 0.762 0.643 0.816 0.971 0.264 5.666 78.65
S\ 0.567 0.208 0.332 0.683 0.238 0.357 0.184 0.029 0.736 - -

* Commonality ** Specific variancesyVariance,

Coefficient of factor loading: < 0.3 (weak factor loading); 0.3 d” FL < 0.5 (low factor loading); 0.5 d” FL < 0.7 (moderate factor loading); 0.7 d” FL < 0.9 (high factor loading); 0.9 d”

(strong factor loading).

, dry mass

1.0
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120 +

20 +

Si accumulation per plant (mg)

0 25 50 75 100 125 150
Si Dose (mg dm)

w0l Amaranthusretroflexus y=41.4778+0.5035x-0.0020x*> R?=0.87

——o Rumex acetosa y=64.1933+0.5488x-0.0023x>* R?=0.98
----- A Stachys byzantina y=84.9809+0.1992x-0.0004x*> R*=0.84
..—x Sonchus oleraceus y=65.3670+0.925x-0.0001x*> R?=0.95

Figure 2: Accumulation of Si in four non-conventional vegetable species as a function of silicon application.
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Figure 3: Exploratory factor analysis considering the variables, phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg),
silicon (Si), silicon accumulation (platt), fresh mass (FM), dry mass (DM) anddBPindex, as a function of silicon fertilization
in the species (AR. acetosa(B) A. retroflexus (C) S. byzantinand (D)S. oleraceus
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the maize crofMihalieova Maléovskat al 2014). Inthe Hodson MJ, White PJ, MeadA & Broadley MR (2005)

: TR Phylogenetic variation in the silicon composition of plants.
game culture, _Xat gl. (2016) report.ed that Si fertlllzat_|on Annals of Botany 96:1027-1046.
increases grain yield by increasing photosynthesis and

- . . . Hussain |, Ashraf MA, Rasheed R, Asgha; Sajid MA & Igbal M
the activity of antioxidant enzymes in wheat (Hussain (2015) Exogenous application of silicon at the boot stage

al. 2015) and cucumber (Jianpestgl 2010). decreases accumulation of cadmium in whaati¢um aestivum
Photosynthetic pigments are important propertiesL.) grains. Brazilian Journal of Botan8:223-234.

regarding biomass production by plants. Stressed plantsvahar S &vaiyapuriV (2013) Efect of sulphur and silicon
undergo chlorophyll reduction, which is attenuated by fertilization on yield, nutrient uptake and economics of rice.
the application of Si, favoring the increase of chlorophyll. International Reseach Jounal Chemis0:35-43.

Although the species of the present study did ndpnes LHP & Handreck KA (1967) Silica in soils, plants, and

. ... animals.Advances inAgronomy 19:107-149.
undergo any type of induced stress, there was a positive

effect of silica fertilization on the chlorophyll content’®"9ruk C (2002) Effect of application of chemical fertilizer in
combination with silicon on yield and nutrient uptake of rice in
(Sattaret al.,2016).

an acid sulfate soils. 'world Congress of Soil Science, Bangkok.
Anais, International Union of Soil Sciencesp. p.14-21.

CONCLUSIONS Kleiber T, Calomme M & Borowiak K (2015Jhe efect of choline-

Silicate fertilizati d fect i t tstabilized orthosilicic acid on microelements and silicon
lhicate terulization caused an efiect on silicon conten concentration, photosynthesis activity and yield of tomato

and accumulation in non-conventional vegetables. In ge-grown under Mn stress. Plant Physiology Biochemjsa6/180-

neral, Si content and accumulation were increasing with188.

higher mineral doses, although very high doses had &orndérfer GH, Pereira HS & NollA (2004)Analise de silicio:

antagonistic effect of reducing the response in pIants.S°'°~ planta e fertilizante. Uberlandia, GPSi-ICIAG-UFU. 34p.

Thus, it is estimated that the applicatioh24Q 115; LiangY, Nikolic M, Bélanger R, Gong H & Sonf (2015) Silicon

122.50; and 277.50 mg diprovided the highest estimated " 2driculture: from theory to practice. Nevork, Springer

silicon contents for R. acetoga,retroflexusS. byzantina _ _ .

ands oleraceusrespectivelyAmong these species only Lima Filho OF (2010) Aspectos gerais sobre o silicio em solos,
’ . 7 . . plantas e animais. In: Rodrigueé FEd.) Silicio na agricultura.

S. oleraceuss characterized as an intermediate vicosa, UFV p.47-60.

accumulator of Si. Lu H, Li Z, Wu J, Sher, Li Y, Zou B, TangY & Zhuang P

For the effects of Si on other minerals and agronomic(ZOl?) Influences of calcium silicate on chemical forms and

: e i at subcellular distribution of cadmium inAmaranthus
parameters it was observed that silicon fertilization doeshypochonolriacus L. Scientific Reports, 07:01-09.

not have a positive effect on green and dry matter of non- ) ) - -
nventional vegetables. Howevienenerally improves Ma JF & Takahashi E (2002) Soil, fertilizeand plant silicon
co 9 . ) ’ _g y p_ research in Japan. NeWork, Elsevier 294p.
phosphorus, calcium, potassium, magnesium and . )
hi hvil Malavolta E (1981) Manual de quimica agricola: adubos e aduba-
chlorophyll contents. ¢do. 32 ed. S&o Paulo, Ceres. 527p.

Mihalieovd Maléovska S, Dueaiova Z, Maslaoakova | & Baekor
M (2014) Effect of silicon on growth, photosynthesis, oxidative
status and phenolic compounds of maiZeg maysL.) grown

in cadmium excessWater, Air & Soil Pollution, 225:2056.
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