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ABSTRACT

Field experiment was conducted during Y+«Y) and Y:\Y
growing seasons to study the effect of different concentrations (.-,
«.+¢ +Nand .Y %) and frequencies (once, twice and thrice) of
potassium silicate as a source of silicon ( Y+ % KO + Y¢ 9 SiO)
on growth, vyield and yield components of sunflower
(Helianthus annuus L.cv. Giza Y+ Y).

Results showed that foliar application of potassium silicate at
«.*® to .Y % applied once, twice or thrice had an announced
effect on all growth characters. Seed, straw and oil yields per
feddan in addition two yield components also positively affected
with that treatment in relative to the check treatment. The
promotion was associated with increasing concentrations and
frequencies. Increasing concentrations from .} to .Y % and
frequencies from twice to thrice had negligible effects on all the
investigated traits.

In general, the maximum yield per fed (seed, straw and oil)
of sunflower cv. Giza ‘Y was obtained in plants sprayed twice
with potassium silicate at .\ %.
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Sunflower (Helianthus annuus L.) belonging to the family
Compositae, is a major oilseed, used for the production of edible oil
with an annual production of Y1.Y million tons wide world (FAO
Y+)Y). Sunflower oil is a source of fatty molecules that can be used as
reagents for chemical modification. It is also has excellent nutritional
properties. It is practically free considerable toxic compounds and has
a relatively high concentrations of lionoleic acid. This poly
unsaturated fatty acid is an essential fatty acid (not synthesize by
hormones) and is the precursor of gamma linolenic and arachidonic
acids (Seiler, Y++V). The composition of fatty acids is a main
determinant of the oil quality in sunflower.

Many trials will be accomplished nowadays to increase oil
production of sunflower cvs by increasing total yield of seeds and the
concentrations of oil in the seeds. Recently, using silicon in different
field crops is considered a promised agricultural practices for
improving yield quantitively and qualitatively (Ma, ¥+ +Y).

Although silicon (Si) is the second most abundant element both
on the surface of the earth crust and in the soils, it has not yet been
listed among the essential elements for higher plants. Direct evidence
is still lacking that Si is part of the molecule of an essential plant
constituent or metabolite. However, the beneficial role of Si in
stimulating the growth and development of many plant species has
been generally recognized. More recently, Epstein and Bloom (Y++Y)
have proposed a new definition of essentiality. Based on this new
definition, the essentiality of Si for higher plants will be finally
established.

Over last two or three decades, the striking and unique role of Si
in conferring plants against various abiotic and biotic stresses has
received increasing interest. Silicon is known to effectively mitigate
various abiotic (environmental) stresses including manganese,
aluminum, and heavy metal toxicity, salinity, drought, chilling or
freezing stresses etc. However, mechanisms for such Si-mediated
alleviation of various abiotic stresses remain poorly understood. The
key mechanisms of Si-mediated alleviation of abiotic stresses in
higher plants include: ) stimulation of antioxidant systems in plants,
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Y) complexation or co-precipitation of toxic metal ions with Si, ¥)
immobilization of toxic metal ions in growth media, ¢) uptake
processes, and ©°) compartmentation of metal ions within plants
(Epstein, Y3449),

Most silicon compounds had beneficial effects on growth, yield
and yield components of various field crops (Ahmed et al., Y34V,
Liang et al., Y43%; Agarie et al., Y33A; Matichenkov et al., Y+ +;
Neumann and Zur- Nieden, Y++); Maetal., Y++); Ma and Takahashi,
Y+.Y; Kanto, Y+ +Y; Zeyen, Y+ +Y and Qinand Tian, Y+« £).

The aim of this study was elucidating the great benefits of using
silicon for sunflower cv. Giza ‘Y.

MATERIALS AND METHODS
This field experiment was conducted in a private field located at
El- Kawamel village, near Souhag district, Souhag Governorate on
Sunflower (Helianthus annuus, L.) grown on a clay soil. Soil samples
were taken one week before sowing at ¥+ cm. intervals depth for soil
analysis (Table V).
Table Y: Analysis of the tested soil:

Constituents Values
Sand % (g0
Silt % ;Yoo
Clay % PV
Texture : Clay
pH (Y:Y.° extract) s V.eo
E.C (): Y.® extract as mmhos/ Y cm Y¢° C) DA
O.M. % DV A
CaCOr % ARK
Total N % D0l
Available K (ammonium acetate, ppm) (Yo
Available P (Olsen method, ppm) A

After tilling practice in the region, sunflower cv. Giza )+ ¥ seeds
were sown in the first week of May during Y+Y) and Y+)Y seasons.
Row spacing was °+ cm. and plant density was Y + plants per cm'. The
experimental plot area was Y m" and each plot contained six ridges.
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Two ridges without planting were left between each plot to avoid
shading effect. Three seeds per hill were planted. One plant per hill
was maintained at Y — ¢ leaf stage of the crop (nearly Y\ days after
sowing) (Y« plot/ fed.). Plants exhibited no sign of insect/ pest attack
and disease incidence, therefore no protection measures were adopted.
Crop harvested in the last week of September. Yields were recorded
on plot basis and then converted to kg and tons per feddan. Irrigation
was done using Nile water.

Ten treatments of different concentrations and frequencies of
potassium silicate were applied as follows:-

Y- Control (sprayed plants with tap water).

Y- Spraying potassium silicate (V+ % KO + Y° % SiO) at +.*° %
once (at ¢ — 1 leaf stage).

Y- Spraying potassium silicate at +. % once (as previously
mentioned).

¢- Spraying potassium silicate at .Y % once (as previously
mentioned).

°- Spraying potassium silicate at +.+° % twice (at ¢ — 7 leaf stage and
again at flowering stage).

1- Spraying potassium silicate at . % twice (as previously
mentioned).

Y- Spraying potassium silicate at .Y % twice (as previously
mentioned).

A- Spraying potassium silicate at +.+° % thrice (at ¢ — " leaf stage,
flowering stage and at three weeks later).

- Spraying potassium silicate at +. % thrice (as previously
mentioned).

Yoo Spraying potassium silicate at +.Y % thrice (as previously
mentioned).

Each treatment was replicated three times, one plot per each.
Triton B was added as a wetting agent to all potassium silicate
solutions at +.+° %. Spraying was done till runoff. Untreated plants
were sprayed with tap water contains Triton B. The preceding crop
was Ficia faba L. in both seasons. Other cultural practices were
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carried out as usual. Randomized complete blocks design with three
replicates was used.

At heading stage, heads of five plants were chosen at random
from external ridges of each plot and bagged at early seeds
development by using magazine paper to avoid bird's damage until
maturity. The sunflower plants were hand- harvested at the stage of
physiological maturation when the back of the heads has turned from
green to yellow and the bracts are turning brown (last week of
September).

At harvest (last week of September), a samples of five plants
which randomly chosen from external ridges in every treatment in the
three replications were taken to measure the following growth
characters:-

V. Plant height (cm.).

Y. Stem diameter (cm.).

Y. Number of leaves per plant.

¢. Leaf area/ plant (cm') (Bremner and Taha, Y41%).

Also, samples of five bagged plants were taken and the following

traits were recorded:-

V. Head diameter (cm.).

Y. Average head weight/ plant (g.).

Y. Seed yield per plant (g.).

¢, Shelling percentage was calculated by dividing seed yield/ plant
by head weight per plant and multiplying the product by V- -.

©, Seed index was estimated by weighing two random - +- seed
samples per plot.

1. Number of seeds per head was calculated by dividing seed yield/
plant by seed index and multiplying the product by )+ +.

Y. Straw yield/ plant (g.) was obtained from a five guarded plants
sample per plot, then straw yield/ fed. (ton) was estimated.

A. Biological yield/ plant (g.) was estimated by summation of seed
yield/ plant and straw yield/ plant, then biological yield (ton/ fed)
was estimated.
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1. Seed vyield/ fed (tons). Heads of two bagged inner ridges of each
plot were harvested and left two weeks until fully air dried and
seed yield/ plant was used to estimate yield/ fed (tons).

V+.0Oil percentage in the seeds was determined according to
A.0.A.C., (Y492) using soxhlet apparatus using petroleum ether
as a solvent.

VY. Seed oil yield/ fed. (kg.) was calculated by multiplying oil % in
the seeds by seed yield/ fed (kg.).

VY. Total nitrogen in the seeds was determined by Kjeldahl method
according to Cottenie et al., () 9AY).

VY. Seed protein content % was calculated by multiplying the total N
in the seeds by the converting factor 1.Ye (Hymowitz et al.,
Yavy),

V€. Chlorophylls a & b as well as total carotenoids and total
chlorophylls (mg/ Y.+ g F.W) were determined in the fresh leaves
(% + days age) according to the procedure of Moran () 9AY).

All the obtained data were subjected to statistical analysis
according to Mead et al., (Y33Y) and mean comparisons were done
using revised L.S.D test at © %.

RESULTS AND DISCUSSION
V- Growth characters:

Data in Table (Y) showed that varying concentrations and
frequencies of potassium silicate had significant effect on the four
growth aspects namely plant height, stem diameter, number of leaves
per plant and leaf area/ plant in most cases. Treating the sunflower
plants with potassium silicate at +.+° to +.) % either once, twice or
thrice significantly was responsible for stimulating all growth
characters in comparison to the control treatment. The promotion was
associated with increasing concentrations and frequencies of silicon
compound. Meaningless promotion on these growth characters were
observed among the higher two concentrations (+.) and +.Y %) and at
specific frequencies (twice or thrice). The maximum values were
recorded on the plants received three sprays of potassium silicate at
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+.Y %. The untreated plants had the lowest values. Similar results were
obtained during both seasons.
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Table Y: Effect of concentrations and frequencies of potassium
silicate on some growth characters and head diameter of
sunflower cv. Giza \+Y plants during Y'Y and Y:\Y

seasons.
. Stem Number Head
Plant height| _. Leaf area/ .
diameter | of leaves/ v, | diameter
) (cm.) (cm.) plant plant (cm’) (cm)
Concentrations and : :
frequencies of
potassium silicate z i ISl S Al S R bt p z
treatments > > e S e > > > >
Control. VYV [ AVTYFVY A A0 YA YA [ EFY | EYY L [ YT AY (VY
Spraying - POTassiUM |y e | ypo Al vo|y aa|Y. 1| v10|gon v |0A |1V Y 1V Y
silicate at +.+ ¢ % once
Spraying  potassium |y ¢q  [yey x|y v [y a vy yv|vr. vy eae [ vvxaliv.ea
silicate at +. % once
Spraying  POtasSiUM |yxs o fyyy afy vy [v. e |vr . |vevlever|ear o [rvrive
silicate at +.¥ % once
Spraying  POtassiuM |yxq |y ¢x |y yo|v vy |vor|vi.|eac ¥ eau [yv v [1yay
silicate at +.+ ¢ % twice
Spraying  POtassium |y, fyeq .\ (v ya| ¥ va YA [Y20[ore ¥ o0y 4] 1A [ 1A
silicate at +.\ % twice
Spraying  pPOtassiuM | v 11y ¢5 v|y 1a |y va|vat|ve o [our . [ory.[yare|1Are
silicate at +.¥ % twice
Spraying potassium
silicate  at  +.*® O | VYA VEY XY AT YNV YT 0| YTF[EAY | £ [ VVYY VAL
thrice
Spraying  POtassium |y ¢ o |y ¢q v v. ¥ va YA r|Yaa oy v [ory 1A Y[1AFY
silicate at +.\ % thrice
Spraying  pOtassium |y ., |y ¢y [y yy|v.r.|va.|rov|oworforr.[yaralrara
silicate at +.¥ % thrice
Revised L.S.D at ® % APS I I DR R S A IR PC R R PR O IR VR B R JOO IRR R I AP B

The beneficial effects of silicon on growth were mainly attributed
to the high accumulation of silicon on the tissue surface which
accompanied with enhancing photosynthesis, nutrient uptake root
development and controlling various pests and diseases caused by both
fungi and bacteria. In addition, the effect of silicon on increasing the
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tolerance of plants to abiotic, stresses such as salt stress, metal
toxicity, drought stress, radiation damage as well as higher and lower
temperature could added another explanation. The problem of solving
silicon deficiency surely reflected in reducing various abnormalities in
plant growth (Epstein, Y444 and Epstein and Bloom, Y+ Y).

These results are in agreement with those obtained by Agarie et
al.,, (Y33A); Ma (Y- +Y); Kanto (Y++Y) and Zeyen (Y« V).

Y- Head character:

Data in Tables (Y & Y) indicated that foliar application of
potassium silicate at +.+° to .Y % once, twice or thrice significantly
improved head diameter and weight of head/ plant in relative to the
control treatment. There was a gradual and significant differences on
such two head characters with increasing concentration from +.+ to
.Y % and frequencies from once to thrice of such silicon source.
Negligible promotion on head diameter and head weight/ plant was
observed with increasing concentrations of potassium silicate from +.)
to +.Y % and frequencies from twice to thrice. The maximum values
were recorded with using three sprays of potassium silicate at +.Y %.
The lowest values were recorded on untreated plants.

The beneficial of silicon on growth and nutritional status of the
plants surely reflected on producing bigger and wider heads (Epstein,
1444).

Y- Seed, straw, oil and biological yields, shelling %, seed index
and number of seeds/ head.

It could be concluded from the data in Tables (¥ & ¢) that
carrying out one, two or three sprays of potassium silicate at +.+° to
+.Y % significantly improved seed, straw and biomass yields per plant
and per feddan, oil yield, seed index, number of seeds per head and
biological yield per plant and per feddan rather than non- application.
The promotion was related to the increase in concentrations and
frequencies of potassium silicate. Increasing concentrations of
potassium silicate from +.) to +.Y % and frequencies from twice to
thrice had no significant promotion on these parameters. The present
silicon treatments had no significant effect on shelling % and there
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was a slight promotion on such character in response to application of

potassium silicate.

Table Y: Effect of concentrations and frequencies of potassium
silicate on head weight/ plant, seed yield/ plant, shelling
%, seed index and number of seeds/ head of sunflower
cv. Giza Y ¥ plants during Y+ Y and Y+ Y seasons.

Head weight/ | Seed yield/ Seed index Number of
i 0,
Concentrations and Plant (g.) plant (g.) Shelling% (9.) seeds/ head
frequencies of potassium - ha - ha pas ha p pa p pa
silicate treatments - - - - - - - - = -
Control. Ve oo [ VENY | g6y | g0 | 041 | 1o | e | o | VY. [ YYoO

Spraying potassium silicate at
+.+° % once

VEXY [ Vete | g6A | g0 X | 1o | T | oYY | Ty [ vy e | vy

Spraying potassium silicate at
+.) % once

Yo uu [voou | tot | g0 | o | oA | Tre | ey [vie [ vyt

Spraying potassium silicate at
.Y % once

Yo «o | Yo oo | to00 £ A A i AEANE IR AT I AR

Spraying potassium silicate at
*.+ © 9% twice

veoo [Vivv| g0 | gV | Ve | YA | 1ed | 111 [veon|veoy

Spraying potassium silicate at
+.) % twice

VI YT eV | gAY A | Yy | RAY | A [ Ad)Y | 1dey

Spraying potassium silicate at
+.Y % twice

Yaaat|vian (VY EAN AR vy TAY 10 14y, 0 | 14ty

Spraying potassium silicate at
*.+© 9% thrice

Yo tu | Vo | £V | VY | TYA | TYA | TR | AV [ Yy | vet

Spraying potassium silicate at
+.) % thrice

YY) | vRan A EAN 1A vy TAY A0 AT A

Spraying potassium silicate at

" VANA | VINVY | vy | eAY | Y. | YA | A | 1Ay |14 [1de0
+.Y % thrice

Revised L.S.D at ® % [RANIERL v v NS NS Y e o £.4

The maximum straw, seeds and oil yields from economical point
of view was recorded with using potassium silicate twice at +.) %
(since no significant increase on these yields was observed among -.)
and +.Y % of potassium silicate as well as between using two or three
sprays). Under such promised treatment, straw yield reached V.Y and
V.Y £ tons while, seed yield reached ).AA and V.4Y tons and oil yield
reached 1Y..¢ and 7¢Y.Y kg during both seasons, respectively.
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Untreated plants produced 1.1 and 1.A+ tons straw yield, Y.V1 and
V.YA tons seed yield and ©¢2.1 kg and ©1+.Y kg oil yield during both
seasons, respectively. The percentage of increase on seed vyield
reached 1.A % and V.3 % over the check treatment, while was ‘Y¥.v
and Y¢.Y % in the oil yield per feddan in relative to the check
treatment. These results were similar during both seasons.

These results might be attributed to the profits of silicon on
enhancing growth and nutritional status of the plants.

These results are in agreement with those obtained by Agarie et
al.,, (Y33A); Ma (Y- +Y); Kanto (Y++Y) and Zeyen (Y« +Y).
¢- Percentages of oils and proteins in the seeds.

It is obvious from the data in Tables (¢ & ¢) that supplying
sunflower plants via leaves with potassium silicate at «.+° to .Y %
once, twice or three times significantly improved percentages of fats
and proteins comparing with the check treatment. The stimulation was
associated with increasing concentrations and frequencies of such
source of silicon. Increasing concentrations from +.) to +.Y % as well
as frequencies from twice to thrice failed significantly to show any
differences on such two parameters. The best results with regard to
quality of the seeds were obtained with using potassium silicate twice
at +.) % (since no measurable differences were observed among the
higher two concentrations and frequencies). The untreated plants
produced the seeds with lower fats and proteins. Similar results were
announced during both seasons.

The essential roles of silicon on enhancing the formation of plant
pigments and carbohydrates as well as enhancing plant metabolism
(Epstein, Y449) could explained the present results.

These results are in agreement with those obtained by Agarie
etal., (V49A); Ma (Y++Y); Kanto (Y++Y) and Zeyen (Y« +Y).
- Plant pigments:

Data of Table (°) shows that plant pigments namely chlorophylls
a & b, total caroteniods and total chlorophylls were significantly
increased with spraying potassium silicate once, twice or thrice at «.+°
to +.Y % in relative to the check treatment. They were gradually
improved with increasing concentrations and frequencies of such
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compound. A slight and unsignificant stimulation on these pigments

was revealed among the higher two concentrations and frequencies.

Table ¢: Effect of concentrations and frequencies of potassium
silicate on straw yield/ plant and per feddan above
ground biomass/ plant and per feddan, seed yield/ fed.
(ton), oil yield/ fed. and oil % of sunflower cv. Giza '+ ¥
plants during Y+ 'Y and Y+ Y seasons.

Above Above
Straw yield/ |  ground izfgﬂ\éd ground ie?g;e?ed Oil yield/
y(ton) biomass/ y(tons)' fed. (kg.) Oils %

fed (ton)

Conce;r:(rjatlons plant (g.) groune,

frequencies of plant (g.)

potassium
silicate

treatments >

- >

)

> -~ > -— > -~ > -~ > -— >
> > > > > > > > > > >

> >

Control. VIO [V [T [ YV s o |Vt [T A ALY [ACA| Y VT [V YA |oto ot V¥ [Ty on

Spraying
potassium
silicate at +.+°
% once

WYY [AVE Y YV [ YYAY | A [TAY [ATA[AYY Y va [V AY |enrafovay ¥y o [TY .

Spraying
potassium
silicate at +.\
% once

Yo o [ VYo A [YY e £ [YYVA[Y v [V | AAY [AA|YAY |V AE|OAY €| 08A [ TY. 40 [FY 0L

Spraying
potassium
silicate at .Y
% once

YVo o | AW E | XYTY 2 XYY £ [V X [Vt AAE [ASL |V AY [V AE [oAr Y [T ¥y o rY .

Spraying
potassium
silicate at +.+°
% twice

WA [ YYAR[YYE o [YYo a [V aY [V AT |AAA a8 [ VATV AT g | XY Ty ey,

Spraying

potassium WA YA Yy A yya s [ vy [vove [a A fan T | Y AA [y Ay [y g [rery vy | vre.
silicate at .\

% twice

Spraying
potassium YA« YA F YTV R Yya e [ vy [voye [avalaav |y At Ay [ave s [T x|y ea |y Ty
silicate at .Y
% twice

Spraying

potassium WAN WA Yo [y y [var vt | a e [a e [ YAV [V AT e[ aYY | ey oy vy
silicate at +.+®

% thrice

Spraying
potassium YAe
silicate at +.) :
% thrice

YAV E XYYV Y[ YYQ o [V Y [ VYT [ A | QA [V AA| Y. QY [TYY Y| Tee Y [Tr .Yy oo

Spraying
potassium YACY [YAY o [Yyve | Yya v vyy [voyn e [ana |y Aaa ]y ar At [veAa | rray | vray
silicate at .Y
% thrice

Revised L.S.D \

¢ V.o Y. YU [ XY [ e YY e Yo o Y[ e 0] 0 oY YNy
at ® % . . . . . . . . . . . . . .
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Table ¢: Effect of concentrations and frequencies of potassium
silicate on protein % and some plant pigments of
sunflower cv. Giza V+Y plants during YY) and Y:\Y

seasons.
Total Total
Chlorophyll | Chlorophyll .
. chlorophylls | carotenoids
. Proteins | a(mg/ Y g. | b(mg/\ g.
Concentrations and % F.W) F.W) (mg/ Y g. (mg/ Y g.
frequencies of ' ' F.W) F.W)
potassium silicate SR — - - - - - - -
treatments A . . . . . . . .
> b > b > > b b b >
Control. Yo AYo o[ Y Aq [ Yo [V eo [ YAY | Yeg | YAV [V ey | Y
Spraying  potassium
silicate at  +.*© Of [VUY[1o. 4| YN [ Y Yo [ VAT [ VYT | YXo [ YeA [ Y 1|y vy
once
Spraying  potassium |y o yq v| v gy [y sy | yre [ yev | vvy | vas [y AY | e
silicate at +.' % once
Spraying  potassium |- 4 [yx ¢y ¢y [y sa | vry [y ra | vvr [ v Aan [y ar | ay
silicate at +.Y % once
Spraying  potassium
silicate at *.*® 9o [YV.£[YV Y| Y 1o | Y V) ). €0 YEANL €T [ €Yd [ Ydoe [ Y.«
twice
Spraying  potassium |y \ fyy o yAq | yao | yea |voet | exal oy | Yoy |voa
silicate at *.' % twice
Spraying  potassium |y q [yy 1| ya. [ya1|yoe. | 1ot |se. | oy |var|yy.
silicate at *.Y % twice
Spraying  potassium
silicate at *.*© 9% [OV.O[ VY| YT [ YVY | V.EY [V gq | A Y [ YAt Yy
thrice
Spraying  potassium
silicate at  +.Y 9 ['V.A[ WA YAas [ Yao | Yo [ vet | gs. | £y [ YAY| YV,
thrice
Spraying  potassium
silicate at .Y 9% [YA.|YV.V[ YAY | YAV [ Yoy [ YoV | £ | £o08 [ Y V& [YYY
thrice
Revised L.S.Dat® 9% | +.¥ | «.¥ | s.0e | e 00| v v@ | a n A oYY | oYY oy |y
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The highest values were recorded with using potassium silicate
thrice at +.Y %. The lowest values were recorded in untreated plants.
Similar results were announced during both seasons.

The important role of silicon on enhancing uptake of nutrients
especially N and Mg as well as its positive action on enhancing
metabolism of plants (Epstein, Y344) could explaine the present
results.

These results are in approval with those obtained by Kanto
(Y+++)and Qinand Tian (Y+ +¢£).

From the previous mention results, it could be suggested that
spraying potassium silicate twice at +.) % on sunflower plants can
improve seed, straw and oil yield in addition to seed quality.
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The effect of different concentrations and treatment frequencies
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