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ABSTRACT

Presented results are extended continuation study of earlier research (2010-2012) on silicon fertilization effect
and comes from the research that was conducted in 2013-2014 in the southeastern region of Poland, in Sahryn
(50°41' N and 23°46' E). Two variants of silicon foliar fertilization were tested in sugar beet, Danuska KWS
variety. Two kinds of silicon fertilizers (Herbagreen Basic and Optysil) in 3 stages (in the stage of 4-6 sugar
leaf, than a week and two weeks later). One of the silicon fertilizer contained marine calcite and silicon (Ca+Si)
and the second one contained silicon (Si) only. Seven variants of foliar fertilization including control variant
were tested as total. Foliar fertilization regardless of the kind of fertilizer resulted in increases of: 1) the root
yield (for Ca+Si variant 10.4-16.2% and for Si variant 13.7-15.9%), 2) biological sugar yield (respectively
11.4-18.1% and 13.7-15.9%), 3) technological sugar yield (respectively 12.2-17.7% and 12.2-15.6%)
compared with the control variant. However the tested variants had no effect for technological root quality
compared with the control. A tendencies to decrease content of sodium as a result of foliar fertilizations were
observed only.
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INTRODUCTION

In 2017 in the EU countries the limits of sugar
production will be abolished. Such conditions force sugar
beet production increase and purchase price reduce at the
same time. Therefore the new, more effective solutions for
better sugar yield are necessary. However, they must be
environmental safe. In many sugar beet studies of a lot
attention is paid to the micronutrients foliar fertilization
(Pospisil at al. 2005, Kristek et al. 2006, Wrobel and
Domaradzki 2006, Hellal et al. 2009, Armin and
Asgharipour 2012, Amin et al. 2013, Wrdbel and
Domaradzki 2013, Artyszak 2014) as well as bio-
stimulators (Cerny et al. 2009, Hradecka et al. 2009,
Cerny et al. 2011, Pacuta 2013, Paduta and Buday 2013,
Pacuta et al. 2013). The foliar fertilization of ground
marine rocks mainly containing calcium carbonate
(CaCO0s) and silicon (Si0O,) is a new issue in fertilization
practice. Similarly silicon application is a novel idea of
sugar beet fertilization (Artyszak et al. 2014, 2015). The
role of silicon in crops is not particularly well understood
(Casey et.al. 2003). Silicon plays a very important role in
the reduction of the plants vulnerability to biotic and
abiotic environmental stress (Fauteux et al. 2005, Mitani
and Ma 2005, Ma and Yamaji 2006, Liang et al. 2006,
Gunes et al. 2007, Sacata 2009). This component

increases the plants’ resistance to pathogens and pests
(Fawe et al. 1998, Raven 2003, Henriet et al. 2006, Cai et
al. 2009). One of the most important beneficial effects of
silicon on plant growth is related to increased resistance
under water stress conditions (Ma et al. 2004, Sacata
2009). Sugar beet is one of seven plant species that are
classified as silicon bio-accumulators (Guntzer et al.
2012). However there is a lack of scientific study on the
effectiveness of such fertilization and there is a need to
determinate the silicon optimal dose and time of its
application.

The aim of the study was to evaluate the effectiveness
of different silicon doses applied together or without
calcium as foliar fertilization on sugar beet roots yield and
technological quality of sugar beet roots.

MATERIALS AND METHODS

In 2013-2014, the experiment was carried out in the
southeastern part of Poland in Sahryn village (50°41° N
and 23°46° E). The soil was classified as Chernozem
(FAO 2006). Soil condition characteristics are listed in
Table 1. The amount of rainfall during growing season
(April-October) was 387 mm in 2013 and 550 mm in
2014 (Table 2). Two kinds of foliar fertilizers were used.
The first one named Herbagreen contained silicon (SiOy)
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and calcium (CaCOs), the second one named Optysil
contained silicon (SiO,) mainly. Differentiated silicon and
calcium foliar fertilization were the factors of the
experiment. The schedule of fertilization variants is placed
in Table 3. Both fertilizers were applied one, two or three
times during vegetation period. The single dose for
Herbagreen Basic was 1.5 kg/ha, and for Optysil — 0.5
dm?®/ha. The term of the first application was in the growth
stage 4-6 sugar beet leaves. The second application was
applied one week later and the third two weeks after the
first application. In every spraying 250 dm*/ha of water

was used. The concentration of Herbagreen Basic was
0.6% and Optysil — 0.2%. The content of Herbagreen
Basic is as follows (% m/m): Ca — 26.2, Si — 7.99, Fe —
2.38, Mg — 1.45,K-0.42, Na-0.37, Ti—0.3,P-0.22, S
—0.16, Mn — 0.08 and trace amount of B, Co, Cu and Zn.
The content of Optysil is: 94.1 g Si i 24 g Fe per one dm®.
Both fertilizers are approved for use in organic farming in
Poland and they may be used for fertilization of organic
sugar beet. Single plot area was 43.2 m? (for harvest —
21.6 m?) and number of replication 4.

Table 1. Content of nutrients in arable layer of the soil in 2013-2014

Corg mg/kg
Year —okg PPk TNON NOSN P K Mg B Cu Fe Mn Zn
2013 7.54 6.70 4.75 1.09 103 108 74.0 1.0 29 690 184 47
2014 11.40 7.37 11.5 4.40 21.8 74.7 87.0 7.5 6.9 660 139 7.5
Table 2. Weather conditions during vegetation period in 2013-2014
2013 2014 1991-2014

Total rainfall from April to October (mm) 387 550 462
Average temperatures from April to October (°C) 14.8 14.5 14.3*

*2002-2014. Source: data from sugar factory Strzyzoéw, Poland

The forecrop for sugar beet was winter wheat each
year. Straw was crushed during harvest and mixed into the
topsoil together with nitrogen fertilizer applied at the dose
of 40 kg N/ha with post-harvest tiller. Each autumn
phosphorus-potassium  fertilizers were applied and
covered by deep winter plough. The doses of phosphorous
and potassium were determined in accordance with the
recommendations based on available phosphorus and
potassium content in the soil, and the expected root yields.
Each spring nitrogen fertilizers were applied, and mixed
into the soil with cultivator. Nitrogen was also used as top

dressing fertilization at the stage of sugar beet plants 4-6
leaf (BBCH 14-16). Beets were sown on following dates:
April 22, 2013; and March 29, 2014. Row spacing was
0.45 m, distance in the row was 0.21 m, and sowing depth
0.02-0.025 m. Danuska KWS variety represents the sugar
(C) type. Weed control and diseases protection were
applied with pesticides recommended by the Institute of
Plant Protection National Research Institute in Poznan
(Poland). Beet harvesting was carried out on: October 9,
2013; and October 2, 2014 and the time of growing
seasons was 170 and 187 days, respectively.

Table 3. Variants of fertilizations applied in the experiment

Terms of applications/doses, g/ha

Variant (fs—é’ cl:ﬁfl‘cﬁfg) A week later Two weeks later The total dose, g/ha
0 — — — —

1 Ca-393, Si— 120 - - Ca-393, Si—120

2 Ca-393, Si— 120 Ca—393, Si—120 Ca- 786, Si — 240

3 Ca-393, Si— 120 Ca—393, Si—120 Ca—393, Si—120 Ca- 1179, Si — 360
4 Si—47.1 - - Si—-47.1

5 Si—-47.1 Si—-47.1 - Si—-94.2

6 Si—-47.1 Si—47.1 Si—47.1 Si—141.3

From each plot 3 rows were harvested. During harvest
the parts of beet plants with lives were cutout by hand,
leaves were weighed. Roots were dug up, cleaned,
counted and weighed.

The representative samples of roots for the
technological root quality determination were collected
during the harvest day from each plot. Sucrose, alpha-
amino-nitrogen, sodium and potassium content were
determined with the Venema Automation beet-analyzing

system by Kutno Sugar Beet Breeding Ltd. in Straszkow
(Poland). Based on obtained results, according to
Buchholz et al. (1995) we were able to calculate:
biological sugar yield (t/ha); loss of sugar productivity
(%); standard molasses loss (%); technological sugar yield
(t/ha); the refined sugar content (%). The experimental
data were statistically analyzed using one way and two
way analysis of variance and means were compared using
LSD, with the level of significance a=0.05. Statistical
analyses were performed in the SAS 9.1 program (Cary,
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USA) using the GLM procedure. The basic statistics i.e.
coefficients of variation, and range of variables were
calculated.

RESULTS AND DISCUSSION

Field plant density during harvest was higher in 2014
(97.1 thousand of plants/ha) than in 2013 (88.4 thousand
of plants/ha) (Table 4). However the number of plants was
proper each year and consistent with the recommendations
of many authors (Cakmakeci et al. 1998, Campbell 2002,

Jafarnia et al. 2013). The two years average root yields
years were varied from 90.6 to 105.3 t/ha, respectively to
the fertilization variant. In comparison with the control
(variant 0) foliar fertilization with calcium and silicon
resulted in 12.6% increase of root yield as average and
was varied from 10.4 t016.2% relatively to applied dose.
At the same time foliar fertilization with silicon (without
calcium) resulted in 14.5% increase of root yield as
average and was varied from 13.7 t015.9% relatively to
applied dose.

Table 4. Average sugar beet yields and quality traits of roots and LSDs as the effect of silicon foliar fertilization on in 2013-2014

Foliar fertilization variant (A)

Year (B) 0 1 > 3 7 5 6 Average LSD
Plant density during harvest, thousands of plants per ha
2013 86.5 86.1 92.7 89.9 88.5 82.3 93.1 88.4 6.8*
2014 102.8 99.3 95.1 95.5 96.2 95.8 95.1 97.1 ns
Average 94.6 92.7 93.9 92.7 92.4 89.1 94.1 - A=ns;, B=3.0*
Roots yield, t/ha
2013 94.4 122.2 1111 110.3 111.8 120.2 1131 111.8 19.1*
2014 86.9 88.5 90.3 89.7 94.8 89.7 92.9 90.4 ns
Average 90.6 105.3 100.7 100.0 103.3 105.0 103.0 - A=115*B=6.2*
Yield of leaves, t/ha
2013 38.7 35.8 36.2 40.9 39.0 30.8 39.8 373 6.0*
2014 40.8 36.7 423 423 443 44.0 40.8 41.6 ns
Average 39.8 36.2 39.2 41.6 41.7 37.4 40.3 - A=ns;, B=3.2*
Biological sugar yield, t/ha
2013 17.7 22.9 20.8 20.5 211 22.2 20.9 20.9 3.7*
2014 155 16.2 16.8 16.6 17.2 16.1 16.5 16.4 ns
Average 16.6 19.6 18.8 18.5 19.1 19.2 18.7 - A=21%B=11*
Technological sugar yield, t/ha
2013 154 20.1 18.2 18.1 185 19.2 18.2 18.2 3.2*
2014 13.9 14.6 151 149 155 144 147 147 ns
Average 14.7 17.3 16.7 16.5 17.0 16.8 16.5 - A=19*%B=10*
Sucrose content, %
2013 18.7 18.8 18.7 18.6 18.9 18.4 18.5 18.6 ns
2014 17.9 18.4 18.7 18.5 18.2 18.0 17.8 18.2 0.75*
Average 18.3 18.6 18.7 18.5 18.5 18.2 18.1 - A=05*%B=0.3*
Content of alpha-amino-nitrogen, mmol./kg
2013 29.0 26.5 27.6 25.6 27.2 33.0 28.2 28.1 5.5%
2014 14.6 17.3 16.3 16.0 15.9 20.4 19.2 17.1 3.7*
Average 21.8 21.9 21.9 20.8 215 26.7 23.7 - A=33%B=18*
Content of potassium, mmol./kg
2013 46.9 45.5 41.7 38.8 44.2 48.4 45.2 444 6.1*
2014 20.1 30.6 333 31.0 29.6 29.3 30.8 305 3.2%
Average 38.0 38.0 375 34.9 36.9 38.8 38.0 - A=32%B=1T7*
Content of sodium, mmol./kg
2013 4.65 4.98 4.38 2.68 4.18 4.08 3.95 413 2.19*
2014 2.88 2.23 2.53 2.38 2.53 2.85 2.80 2.60 ns
Average 3.76 3.60 3.45 2.53 3.35 3.46 3.38 - A=1.1% B =0.59*
Content of refined sugar, %
2013 16.3 16.5 16.4 16.4 16.5 15.9 16.1 16.3 0.7*
2014 16.0 16.5 16.8 16.6 16.3 16.0 15.9 16.3 0.8*
Average 16.2 16.5 16.6 16.5 16.4 16.0 16.0 - A=05*B=ns

* — significant differences 0=0.05, ns — no significant differences;

0 — without Ca and Si fertilization; 1 — 393 g Ca /ha, 120 g Si/ha; 2 — 786 g Ca/ha, 240 g Si/ha; 3 — 1179 g Ca/ha, 360 g Si/ha; 4 — 47.1 g Si/ha; 5 —

94.2 g Si/ha; 6 — 141.3 g Si/ha;
LSD - least significant difference

In previous studies Artyszak et al. (2014) and Artyszak
et al. (2015) obtained respectively 13.1% and 21.8%
increase of root yields as the effect of calcium and silicon
foliar fertilization in two application times. Leaves’ yield
was similar in every variants (36.2-41.7 t/ha). This result
is inconsistent compared to earlier study of Artyszak et al.
(2014) where these authors observed 21.0% leaves’ yield
increase after double spraying with calcium and silicon
compared with the control variant. Foliar fertilization in

both silicon with and without calcium resulted in increase
of biological and technological sugar yield. In the case of
biological sugar yield obtained increase was 14.3% as two
years average for silicon with calcium fertilization and
was varied from 11.4 to 18.1% relatively to applied
variant. Silicon without calcium resulted in 14.5%
increase and was respectively varied from 12.7 to 15.7%.
Similarly in the case of technological sugar yield obtained
increase was 13.5% as two years average for silicon with
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calcium fertilization and was varied from 12.2 to 17.7%
relatively to applied variant. Silicon without calcium
resulted in 14.0% increase and was respectively varied
from 12.2 to 15.6%. In previous Artyszak et al. (2014)
studies the authors observed 15.5% increase of biological
sugar yield and 17.7% increase of technological sugar
yield as the effect of two times calcium and silicon foliar
fertilization. In another studies on calcium and silicon
fertilization Artyszak et al. (2015) observed respectively
24.4% and 24.8% increase of biological and technological
sugar yield. Similarly the beneficial effects of silicon and
calcium (Herbagreen Basic) foliar fertilization found:
Kara and Sabir (2010) in grape, Ugrinovi¢ et al. (2011) in
lettuce, Weihrauch et al. (2011) in chop and Trawczynski
(2013) in potato.

The technological root quality estimated by such traits
like: sucrose, alpha-amino-nitrogen (except for variant 5),

potassium and refined sugar content, were not modified
significantly by foliar fertilization variants in comparison
with the control — variant 0. However a tendency for
sodium content decrease (significant in variant 3) was
observed. In earlier studies Artyszak et al. (2014)
observed a significant decrease of alpha-amino-nitrogen
content and tendency for decrease of sodium and
potassium content as the result of calcium and silicon
foliar fertilization. From every quality root traits the
smallest variability were found for content of sucrose and
refined sugar and the highest variability for molassigenic
components  (amino-alpha-nitrogen,  potassium and
sodium) content (Table 5). From every compared foliar
fertilization variants the smallest variability of root yield,
biological and technological sugar yields was observed in
variant 2. In contrast Artyszak et al. (2014) obtained
similar CV values for these traits regardless of the
fertilization variant.

Table 5. Range (min and max) and variation coefficients (CV) of plant density during harvest, yield and quality traits of roots in

2013-2014
Alpha-
Plant density during Yield (t/ha) amino- Na K .
Variant harvest (thousands of Sucrose, nitrogen Refined
plants per ha) Biological Technological % sugar, %
Roots Leaves mmol./kg
sugar sugar

Minimum
0 83.3 77.0 33.1 14.6 12.9 17.1 12.6 2.00 27.2 151
1 81.9 75.4 25.7 14.0 12.6 18.0 16.1 2.00 28.1 16.1
2 81.9 671 322 13.2 11.9 18.1 13.7 2.40 308 15.6
3 81.9 753 345 141 12.8 17.9 10.9 220 29.8 15.9
4 83.3 88.4 339 16.2 14.6 17.8 135 220 278 15.6
5 75.0 87.2 26.8 155 13.9 174 15.9 2.20 25.6 15.2
6 87.5 909 343 15.8 13.9 174 14.4 2.00 28.0 15.3

Maximum
0 105.6 108.6 45.9 20.4 17.7 19.1 313 5.10 50.2 16.8
1 101.4 1519 481 28.0 24.4 19.1 31.6 8.20 53.9 16.9
2 105.6 120.2 553 22.8 20.1 19.7 31.0 740 44.6 17.7
3 102.8 1143  48.7 215 19.0 18.9 274 3.40 45.6 17.0
4 100.0 1206 515 22.8 20.2 19.7 34.8 6.50 46.8 175
5 102.8 1433 513 26.9 23.1 18.8 37.7 5.00 53.9 16.3
6 102.8 1222 453 23.0 20.3 18.9 33.6 5.10 46.7 16.6

CV, %
0 9.8 133 118 14.2 13.2 3.6 36.3 31.0 255 3.2
1 8.2 23.0 20.9 22.9 21.8 2.0 25.1 634 235 2.2
2 7.5 17.2 20.3 17.0 16.4 3.0 29.0 48.1 145 3.8
3 8.0 13.0 10.6 13.2 122 1.7 27.9 15.7 15.0 2.2
4 6.4 111 13.7 13.6 13.3 34 34.8 42.1 223 3.7
5 105 18.6 22.9 20.7 19.1 2.6 28.5 244 27.6 2.3
6 5.1 11.4 10.6 13.6 12.9 2.7 26.9 30.6 21.1 2.6

0 — without Ca and Si fertilization; 1 — 393 g Ca /ha, 120 g Si/ha; 2 — 786 g Ca/ha, 240 g Si/ha; 3 — 1179 g Ca/ha, 360 g Si’ha; 4 — 47.1 g Si/ha; 5 —

94.2 g Si/ha; 6 — 141.3 g Si/ha;
CV — variation coefficients

In summary, obtained results demonstrated that the
use of silicon with and without calcium as foliar
fertilization is advantageous for the sugar beet production.
Such fertilization has a positive effect on sugar beet roots’
yield without compromising their technological quality.
Silicon fertilization showed the greatest benefits towards
parameters as biological and technological sugar yields.
However further research to determine the optimal silicon

dose (with or without calcium), number and terms of
applications under specific soil and weather conditions is
still required.
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