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Abstract — In the study, 10uM Se from sodium selenate
(Na;SeQy) and 2.8 mM Si from potassium silicate (KSiOs),
each one alone or both together, were used for nition of
greenhouse-soilless grown eggplant. The eggplantld was
increased by 16.4% in Se alone, 12.5% in Si aloneng
decreased by 8.2 % in Se+Si together. Silicon effsmn plant
growth were not significant somewhat reducing effds
observed, however better effects of Se on leaf areshoot
fresh and dry weight were recorded. Selenium andiSvere
not significantly affected to the eggplant fruit ptysical
properties, except firmness. These two elements esally Si
increased eggplant fruit firmness. Selenium and Stontents
of the fruit were increased by the treatments. Thiscan be
important especially for Se nutrition of the human. Leaf
nutrients contents, for N, P, K, Ca, Mg, Fe, Mn, ZnCu, were
adequate; there were no any deficiencies or toxig#s under
the Se and Si doses in this experiment.

Keywords — Selenium, Silicon, Soilless Culture, Plant
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[. INTRODUCTION

The key point of production in hydroponic cultivatiis
the matter of plant nutrition. Because the solidiquid
environments of root zone in which plants are grama
inert in terms of nutrients contrary to soil. Natris that
plants need are given via the prepared nutritidntisos.
In soilless cultivation, rates and compositionsofrients
show alteration in each plant species, even genstgnd

plants by 300 ppm Si in the forms of¥O, and MgSiQ

on 30", 60" and 88" days following the plantation have
been done. Despite both forms of silicon have astavo
effect on the plant growing parameters and thalyitte
form of K,SiO, was seen to have a more effective role
than MgSiQ[5]. It is reported that application of 0.12% Si
into the leaves of chestnut, the photosynthesisgaodth
were increased [6]. In cherry tomato growing bylgipg
Si in rockwool in a hydroponic environment
greenhouse, Si application into tomato increasedyibld
between 2.0 - 4.8% [7].

Selenium is an essential microelement for the human
body. It is an element the deficiency in human anial
bodies of which cannot be put into risk for thevgra-
development and continuance of life [8]. An adhlowd
take 55-70 pg of Se daily [9]. In the case of Selen
deficiency, some diseases arise in human and amimal
Immune system weakens, viral infections increasd,the
cancer is triggered. However, intake of Se at higloses
may be toxic. Selenium content in soil on which
agriculture is engaged is highly low. Since Sesiseatial
in human and animal nutrition, this promotes theligts
for increasing the Se contents of the strategimtpla
(cereals and vegetables: wheat, corn, potatoesattes)
green vegetables-lettuce, etc.) used in food chaimre
issued in such studies are the scanning and selauftiSe-
accumulating genotypes, or Se fertilizing duringvgng
and increasing the Se content and these activéties
called "Se biofortification" [10]. It is reportedhat

in

different developmental stages of the plants. Iis thselenium is a beneficial element for the plants taigders

situation, plants are kept under control by whatytare
given with nutrition solutions in the soilless ¢wdttion. In
the traditional soil production, it is possible thextra
nutrients from the soil may become a part of thiéviag,
beyond the nutrients given to the soil throughilfeers.
Reveal of positive effects of the silicon (Si) aselenium
(Se) on plant nutrition apart from nitrogen, phasph

plant growing when used at low concentrations [12,
and 13]. Selenium effects were studied [14] on the
generative development @&rassica rapa L. among the
Brassica plants, which is known as "Canola", which has
the bio-fuel potential due to the high-oil contefitseeds
particularly, and the effects on blooming, seeddyiand
seed vitality. The results are unbelievably impress

potassium, calcium, magnesium, iron, manganese, zifRegarding this plant grown for its oily seeds, #igant
copper, boron, and molybdenum since the receniestudand highly beneficial increases were obtained & $e

conducted has lead us to this study.

Significant increase of yield and product qualityedo
Si practices during the growing is reported for ghants
of barley, rice plant, and sugar cane, tomatoesjrober,
soybean, and bamboo [1] Another
characteristic of silicon is that it decrease tlaendge in
the plant under biotic and abiotic stress cond#jcand
also increases resistance against the stress [2,8Rs
reported that when 1mM Si is used in greenhousehiic
grown in hydroponic conditions, there is an incesiasthe
plant's growing and development, and its strengtinst
the oidium [4]. Foliar application of Si on leaveEbean

content of seeds, and in the pollen vitality, saetbunt,
and seed germination ratio. Upon this, the auttreperted
that selenium gives positive benefits on not orfig t
vegetative development but also the generative [Ldjas

significanteported that application of 1.5 md ISe into the zucchini

plants increased the yield [15]. It has been repbthat
the Se element has many positive and significaectsf
on health in human [16]. If selenium is taken 2@Dip
human dietary programs, it significantly lowers tisk of
liver, prostate and column cancers [16]. If selemiwa
significant anti-oxidant for human health, is givera
fertilization during the growing of plants constig the
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basis of human-animal-plant nutritional food chain,
becomes an event to provide benefit for all théngv
being.

The aim of this study is, by adding Si and Se tivithan
solution in the greenhouse hydroponic vegetablgvigian
to increase the plant growing and developmentd yéeld
product quality. So far in the climate chamber wéthil
and hydroponics, it has been demonstrated that thves
elements worked as a fertilizer in the model or|sstale
yield and physiological trials conducted on potstlire
greenhouse. In the study presented here, a real-sd
has been planned in a way that the hydroponic haese
producers in practical can benefit from the resi8tscon
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100 cm height, 20 cm width, and 4 cm depth. Fdedht
applications in the study, plantation was perfornisd
study design of random blocks at 4 replicate andb8ts
in each replicates. Cocopeat fibre bags were exquhbg
moistening with nutrition solution one day beforeet
plantation.

[ll. R ESULTS AND DISCUSSION

In order to see the effects of the Se and Si mrtribn
plant growth 117 day after planting; plant heigstem
diameter, leaf number and flower number were resmrd
(Table 1). Plant height and leaf number were sicgaiftly

and Se were used at appropriate doses alone aetih¢og higher in the Se alone application than the othStem
in plant nutrition. They were grown comparing tceth diameter and number of flowers were similar in thi

control plants to which Si and Se were not added.

[I. M ATERIAL AND METHOD

The study was carried out at the 2013 spring @titim

treatments and there were no any significant diffees
among them. Total shoot fresh, dry weights and éee&
were measured 140 days after planting at the erttieof
experiment (pruned leaves during the cultivatiomenadso
added), the highest positive effects on shoot grgvend

period in a 500 i glasshouse that is allocated forleaf area were obtained from the Se alone treatiawedt

"Soilless cultivation" belonging to
University Faculty of Agriculture, Department
Horticulture. The eggplant species used in theysisidhe

the Cukurovaincreased about 12.7%. However, Si alone treatwast
of decreased plant growth about 16.6%. Both elemeats S

and Si together were also decreased the plant igrowt

Esmeralda E which belong to the seed company ofbout 12.2% (Table 2). Since the compoun8i®; used

Vilmorin. Ready seedling was ordered. Plantatiorthi®

as the Si source is highly alkali, it causes rit@ld in

hydroponic system in the greenhouse was conducted woutrient solution and substrate in the root zorsidim the

14.02.2013. The study continued approximately 5 thmn

cocopeat bags, the high pH probably cause stresthédo

and it was ended on 01.07. 2013. The practicesngivplants. The root area in the substrate was coattoll

below in 4 main subjects were carried out usingdfip

continuously to prevent rise of pH values, and when

irrigation system under substrate culture in opem a necessary, the substrate was washed with a diadieil

hydroponic cultivation.
1. Control: Nutrition solution applied to the plantasv
prepared according to the plant

nutrient solution. The pH values in the nutrientugon
tanks with Si could only be decreased to aboutvéth

nutrientsicid. When it was decreased below 6.5, gel-likellsma

concentrations shown in the Table 1. This contrd0.3-1 mm) suspension particles due to the compound

solution did not include Si or Se.
2. Silicon Application: The nutrient solution appli¢d

K,SiO; in the solution were formed. These particles have
the possibility to clog the nozzles of the dripgation.

the plants comprised of the compound of potassiuiMioreover, these particles can form a gel-like layerthe
silicate (KSiOs) including 2.8 mM Si as the last substrate surface (within a few weeks). Nutritiotuson

concentration [18].

brought together with the irrigation system some8m

3. Selenium Application: The nutrient solution appliedsurvives on this gel-like layer, and cannot be prated
to the plants comprised of the compound of sodiuwithin the substrate. In the hydroponics systembkerw
selenate (N#&eQ) including 10uM Se as the lastK,SiO; is used as the Si source, these issues should be

concentration [19].

solved. May be another stress probably gel-likeedayn

4. Silicon and Selenium Application: The nutrientthe substrate surface could interfered water patiatr
solution applied to the plants comprised of thénto the substrate it could probably cause debtitwvater

compounds of potassium silicate,8{0;) and sodium

selenate (Ng5eQ) including 2.8 mM Si + 10uM Se,

respectively.
In the applications 2 and 4, the potassium from2ige

sometimes. In soilles grown cucumber [17], Se tiatrj
appears to have had a supportive effect on cucupiaet
photosynthesis. However, the silicon consideraétiuced
the photosynthesis, stomatal conductance, trarigpira

mM K,SiO; was calculated and was provided from theate and intercellular CQOconcentration. When Se and Si
K,SO,, and was added to the applications 1 and 3. Fased together the photosynthesis was increased bmay

each of the application 500-liter tanks of nutritigolution
was used. In the Si application,HO; was given from the
separate tank, because it increases the pH ofutriemt
solution. For each "Application", a water pump, emngt
manometer, and filter are connected to the outptérk
to which it is connected. In the greenhouse, treeiciber
plants were grown with plantation density of 3.3anp

due to the Se effects. It is reported that whenn2\b Si
applied in the form of N&iO; in the soybean cultivation,
the increasing effect of the Si on growth as 3.4%lant
height and 2.9% in root height [18rassica napus plants
were grown with Selenate-Se and Selenite-Se asS¢éhe
sources, and application doses were 1, 2, 4 Segvagik
for both sources [20]. The authors reported thetettwas

m’?, at spacing of 150x90x25cm in the cocopeat bags widecline in the growth parameters such as driedtplan
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Leaf macro and micro nutrient concentrations of the
eggplant plants were not affected significantlytbg Se

weight, plant height, etc. compared to the cortahts at
all doses of Selenate-Se, and also, the SelenisexBee is
as at least as the control however, did not inerédhe and Si treatments in the samples of the leaves that
growth compared to the control. It was reported] & obtained from 140 days after planting at the endhef
addition of Si (100 mg t) could increase the chlorophyll experiment. It seems that the application conegiotrs of
content, RuBP carboxylase activity (ribulose-bisthe Se and Si did not negatively affect the namitof the
phosphate), root fresh weight and dry weight inucoiser eggplant plants during the growing period of this
plants grown in a recirculating nutrient solution. experiment (Table 4 and 5). Leaf nutrients contéN{sP,

In this study, the eggplant yield was increasedty% K, Ca, Mg, Fe, Mn, Zn, Cu) were adequate; thereewer
in Se alone, 12.5% in Si alone and decreased b%6812 any deficiencies or toxicities under the Se andd@ies in
Se+Si together (Figure 1). In soilless grown cuceimb this experiment. Similar effects of Se and Si oa tther
reported that Se alone %12.4, Si alone %5.1 anll baiutrient concentrations of leaves have been seeihén
elements together Se+Si %8.4 have shown yield asee soilless grown cucumber [17] and tomato [18].
[17]. In soilless grown tomato, Se nutrition hasréased
the yield by 8.6%, however Si alone and Se+Si
applications did not increased the tomato yield].[18e

link that the lower values of total yleId in Si pt'm:es Silicon effects on p|ant grovvth were not found t® b
alone or Se+Si together to high-alkali iR(O; used as Si sjgnificant, however better Se effects were obskrive
source and secondly Si may cause lower photosysthegplant height, leaf number, shoot fresh, dry weigints leaf
stomatal conductance, transpiration rate and ielletar  area. The eggplant yield was increased by 16.4%ein
CO; concentration. By using Si in rockwool grown se§  gjone, 12.5% in Si alone and decreased by 8.2 SeiSi
tomato yield increase was reported between 2.0-48% together. Effects of the Se and Si applicationsti
In tomato crop grown in a closed hydroponic syst8% physical characteristics of cucumber fruits wenentt to
yield increase by Si was reported [22]. Greenhauisiid  pe insignificant, except fruit firmness. SeleniumdaSi
watermelon was grown on sand-mulched soil and 1.8%ntents of the fruits increased, this can be it in
yield increased was reported in comparison to cdntr the case of Se for human nutrition. Leaf nutriemtstents
Silicon had a positive impact on the parameters @N, P, K, Ca, Mg, Fe, Mn, Zn, Cu) were adequatereh

V. CONCLUSION

watermelon fruit quality such as firmness and 2.

were no any deficiencies or toxicities under theaBd Si

Some quality features were studied on the eggplagbses in this experiment.

fruits. Physical fruit characteristics were narsficantly
affected by the Se and Si nutrition, except fririhhess.
As seen in Table 3, firmness was increased by both
elements especially by Si. Silicon alone 44%, Smal |
28% and Se+Si 14% have shown fruit firmness ine®as
compared to control. In tomato crop grown in a etbs [2]
hydroponic system was reported that the contentstaf 3]
solid solutes such as beta-carotene, lutein anopbme
contents of the fruit were significantly increaskey Si
supplementation. The Si also enhanced the frutinfass [4]
and vitamin C in the tomato fruit [22]. Inclusiofi &i to
the nutrient solution ofGerbera resulted in improved
overall crop quality with thicker flower stems aathigher |5
percentage of flowers when compared to the plamismg
with the standard nutrient solution [24].

Selenium and Si concentrations in eggplant frague g
have been increased, as expected, in the praotiggdsich
the concentrations of Se and Si elements are adttethe
nutrition solution. For the importance of Se in fam
dietary, this situation can be evaluated in tharfitBeing
added into nutrition solution in soilless cultivatj the Se [7]
can have effect on the plant nutrition and on hunvho
consumes it, via passing into the product. Selerdoses
used in the study were not very high, and they lsan (8]
increased in the future studies. Apart from this,the
applications in which the said elements includimg t [°]
control are not added, the Se and Si content we[rl%]
determined (Table 3). The Se and Si elements ditedn
in the applications in which Selenium and Si areauued
may have passed from the irrigation water, theemnof [11]
fertilizer used, and the substrate used.
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Table 1.Effects of the treatments on some plant growthrpatars 117 day after transplanting

TABLES AND FIGURES

Treatment Plant heigh | Stem diamete | Leaf numbe Flower
(cm) (mm) per plant number per

plant

Conto 101.00 | 20.0¢ 47.111 17.6]

Seleniun 115.66 . 19.4: 49.88 i 18.9¢

Silicon 105.00 | 19.5¢ 47.501 18.6¢

Seleniun+Silicon 108.00 | 20.04 47.111 18.17

Table 2. Effects of Se and Si nutrition on totadattfresh, dry weights and total leaf area
140 days after transplanting

Treatment Leaf are Shoot fresh weig| Shoot dry weigt
(cm? plant?) (g plant) (g plant)
Conto 41482 | 1765 | 269 |
Seleniun 46747 1990 304 ¢
Silicon 35008 1490 « 227 «
Seleniun+Silicon 36432 1551 237 «
8 - 7.08 6.84
6.08
6 - 5.58
4 -
2 -
0 T T T 1
Control Selenium Silicon Se+Si

Figure 1.

Selenium and Si nutrition effects onltgield of soilless grown eggplant.
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Table 3. Effects of the Se and Si treatments ahgroperties

Treatment Fruit Fruit Fruit Fruit Fruit Se Si
weight | diameter| height | volume | firmness| (ug gY (%)
Q) (mm) | (mm) | (cm) (kg)
Contro 167 57.0¢ 13.1¢ 25¢F 3.87 | 303 ¢ 0.30:¢
Seleniun 174 51.97 14.4¢ 24( 4.26 | 320 ¢ 0.32¢
Silicon 177 50.8: 13.3] 264 5.57 & 255 L 0.36¢
Selenium+Silico 16£ 57.91 13.5: 204 4.40 t 293 ¢ 0.34¢

Table 4. Effects of the Se and Si on macro nusienhcentrations of leaves at the end of the exysert (%)

Treatment Nitroger Phosphoru | Potassiur | Magnesiun | Calciun
(N) (P) (K) (Mg) (Ca)
Contro 5.8¢ 0.317 6.5¢ 2.12 3.7
Seleniun 5.5¢ 0.41 5.9¢ 2.4F 3.51
Silicon 5.8( 0.32 6.1¢ 1.9¢ 3.41
Selenium+Silico 5.7t 0.3¢ 6.0¢ 1.91 3.31

Table 5. Effects of the Se and Si on micro nuts@ancentrations of leaves at the end of the exyert (ppm)

Treatment Iron Manganes: Zinc Cupper
(Fe) (Mn) (Zn) (Cu)
Contro 58.8 37.0 65.4 21.2
Seleniun 55.9 41.0 59.4 245
Silicon 58.0 32.0 61.8 194
Selenium+Silico 57.3 34.0 60.8 19.1
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