Jolanta KOWALSKA *, Magdalena JAKUBOWSKA?, Rafat NOWACZYK 3
Institute of Plant Protection - NRI
! Department of Biological Methods and Organic FagnfriDepartment of Agrophages’ Forecasting Methods
®Field Research Station IPP - NRI, Winna Géra
ul. W. Wegorka 20, 60-318 PozhaPoland
e-mail: J.Kowalska@iorpib.poznan.pl
Received: 2018-07-15 ; Accepted: 2018-08-31

THE EFFECT OF SILICON APPLICATION ON GROWTH OF SPRI NG WHEAT UNDER

ORGANIC FARMING
Summary

Application of silicon (Si) could greatly boost valhgield and mitigate abiotic stress, especiallpulyht. A field experiment
was conducted during 2017- 2018 at the researchfatvaluation of impact of different methods ofleapion of two Si
fertilizers on growth and parameters of yieldingwdfeat was made. The treatments consisted of twermaended dose of
two used Si fertilizers — Adesil and ZumSil at gakd 0,3 I-hd, respectively. Spring wheat cv. Arabella was Lisetthe
field experiments. The effect of silicon was asskfy measuring emergence, height of plants, den§ispikes and the
SPAD index. The number of plants emergence, tighhef plants and density of spikes -“were the highest after appli-

cation of liquid ZumsSil, regardless of the methdédpplication. The study revealed a significaneeffof silicon on plant.
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WPLYW STOSOWANIA KRZEMU NA WZROST PSZENICY JAREJW SYSTEMIE
ROLNICTWA EKOLOGICZNEGO

Streszczenie

Zastosowanie krzemu (Si) fieoznacznie zwkszy plony pszenicy i ztagodzstres abiotyczny, zwlaszcza sudzaswiad-
czenie polowe przeprowadzono w latach 2017-2018spagdarstwie badawczym. Dokonano oceny wptyvyah, trzech
metod stosowania dwéch nawozOw Si na parametrysiziioplonowanie pszenicy. Zabiegi obejmowaly zaledawlke
dwdch rénych nawozéw krzemowych stosowanych osobno - AdesitSil w dawce 10 kg i 0,3 I-haodpowiednio. W do-
swiadczeniach polowych wykorzystano pszejacg, odm Arabella. Wptyw nawozow w okresie wegetagliny oceniano
pod kitem ich wschodéw, wysalob roslin i obsady ktoséw. Liczba wschodéw, wysaékoslin i obsada ktoséw na -froyty
najwytsze po zastosowaniu ptynnego ZumsSil, niemeeod metody aplikaciji. Obserwacje potwierdziha@acy wpltyw

krzemu na rgliny.

Stowa kluczowewysokd¢ roslin, rozwdj raslin, SPAD, plon

1. Introduction

Many adverse environmental factors for plants poed
tion may be mitigated by using bio-stimulators, peepara-
tions that stimulate plant processes and triggerniecha-
nisms that enable plant functioning under stress ian
crease quantity and quality of yield. The silicantent in-
cluded in fertilizers or/and in biostimulators midie used
in organic and sustainable crop production andiial to
plants’ defense against pests and diseases assvelhvi-
ronmental stresses. Hence, improved Si managermeént t
crease yield and sustain crop productivity appearbe
necessary. The literature on silicon (Si) andnflience on
plants shows that this element promotes plant dromay

growth and development was overlooked. All plarggd
some silicon in the form of monosilicic acid in theil to
thrive. All soils have a lot of silicon presentndyg soils
more than clays, but most is in the form of silicioxide
which is insoluble and not available to plant. Mawjls do
not have enough monosilicic acid present to mateh t
plants requirements [14]. Silicon fertilizer hasl@uble ef-
fect on the soil-plant system as under (i) Impropé&ht-
silicon nutrition reinforces plant-protective propes
against diseases, insect attack, and unfavoralieatot
conditions. (ii) Soil treatment with biogeochemlgactive
silicon substances optimizes soil fertility throuigtproved
water, physical and chemical soil properties, arainte-
nance of nutrients in plant-available forms. Thditsbof

stimulate plant growth and development and rediree t soluble silicon (Si) can also reduce the impagplaht dis-

threat of pathogen and pest infestation becausmsilis
needed by plants to grow strong cell walls [11].nost
cases however, it is uncertain whether growth dttman is
attributable to a nutritional effect or to the albion of bi-
otic or abiotic stresses [4, 9]. The formulationaiable on
the market differ in their mechanisms of actiorcht@logi-
cal purpose and origin [1, 2, 14].

Silicon is the second most abundant element aftgr
gen in soil: silicon dioxide comprises 50-70% oé tboil
mass. As a consequence, all plants rooting in cmitain
some Si in their tissues. However, the role of rSplant
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eases [11, 13].

The aim of the study includes evaluation of impaict
growth and yield of spring wheat of two silicontfizers
approved to organic farming applied by differentimoels.

2. Materials and methods
The study was conducted in the years 2017-201Besp
were collected only in 2017), at the field manageder

organic farming conditions at the Research FarniPét-
NRI. In the field, the conditions were changed doe
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changing seasons. From April until middle July weoted
different conditions of weather, average valuesiackided
in Table 1.

Table 1. Mean values of temperature and humidityndu
the experiments

Tab. 1.Srednie wart@ci temperatury i wilgotnéci w czasie
trwania eksperymentéw

Month/year Temp.’C] RH [%]
April (2017-2018) 13,7 70,2
May (2017-2018) 17,5 66,6
June (2017-2018) 19,1 68,4
July (2017) 20,2 58,4

Source: own work Zrodio: opracowanie wiasne

The experiment was set as a big block with inéidat
eight points where evaluated plants were locatedsache
whole big plot. Two silicon products were used, 8if2as
powder formulation at dose 10 kghand ZumiSil™ as
liquid at dose 0,3 I-ha According to information of pro-

ducer ZumSi™ is the perfect plant and soil amendment.

ZumSil is a 24% solution of monosilicic acid. AJESH is

a powder formulation on the basis of diatomaceautheln
this study different (3) methods of applicationsrevesed,
each product was applied separately in way: (1y anle
application before sowing, directly to the soil) (Be foliar
application only, (3) combined soil and foliar tira&nts.
The first foliar spraying was at BBCH 23-25, thexhene
was carried out at stem elongation phase, thewast at
BBCH 61 (start blooming). The experiment was perfed
using “Arabella” cultivar. These fertilizers coneiéd as an
anti-stress product distributed in Poland by PeGuard
™ During the field experiment were assessed: i) reme
gence, ii) plant height in different developmerggsts, iii)
SPAD values in different stages, iv) number of epik
Number of emergences was evaluated at stage BBCH
21 (beginning of tillering) at each point of evdioa;
height of plants was evaluated at BBCH 21, BBCHag8

BBCH 75 as measures of 50 plants collected fromlevho
big plot within one treatment. SPAD chlorophyll éxdwas
measured four times at BBCH 31, BBCH 32, BBCH 5d an
BBCH 75, in each combination on big plot were séica-
tions and at every location 5 plants were testedguthe
SPAD-502 chlorophyll meter (Minolta Camera Co.,algp
Number of spikesn? was evaluated at BBCH 75 as spikes
collected from 3 points on whole big plot. All thesults
were subject to a variance analysis and the saamifie of
differences was verified by Tukey’s test at theelgy<0.05.

3. Results

Generally, it was confirmed that treatments witltan
had rather positive effect on growth and yieldirfigspring
wheat. The highest number of emergence was obtained
the area where ZumSil was applied, regardless tfiadeof
application. However, the best effect was obtaiaker ap-
plication of ZumSil before sowing, directly to tlseil and
in combined treatments (Fig. 1).

More differences between effects of fertilizerseveb-
served at late stage of development, at BBCH 7Alai$
noted that the highest plants were observed ois pleated
by ZumsSil, regardless of method application (Fiy. Rc-
cording to literature Si fertilization resulted ligaf chloro-
phyll content. Values of SPAD obtained after Stifiea-
tion were more frequently higher compared to valoés
SPAD from untreated plants. Furthermore, differenoe
this parameter were observed depending on the time
measurement, as its values were the highest a¢dhing
formation stage, however differences were not stedilly
important (Table 2).

Height of treated plants &BCH 21 and BBCH 39vas
higher compared to untreated, it is clear indicatfdr ap-
plication of ZumSil regardless of methods of apgtiign
(Table 3). Similar effect was observed only whenesitl
was applied as combined treatments (Table 3).
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Fig. 1. Mean number of emergences perhinstage BBCH 32
Rys. 1Srednie wart@ci wschodéw na 1 m kwadratowym w fazie rozwojovi&} 1B 32 (drugie kolanko)
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Fig. 2. Effect of different silicon fertilizers andethods of application on mean height of planBBEH 75
Rys. 2. Efekt dghych form nawgenia krzemem i metod nasenia na wysoki@ roslin w fazie 75 (dojrzal@ mleczna ziarniakéw)

Table 2. Effect of different Si fertilizations antethods of application on values of SPAD
Tab. 2. Efekt rénych form nawgenia i metod ich aplikacji na warfoi SPAD

BBCH 31 BBCH 32 BBCH 51 BBCH 75
second knot| second knot| earing formation| milk grain maturity

Adesil soil 32,5 36,4 47,2 46,3
Adesil soil plus foliar 33,8 37,5 47,9 45,2
Adesil foliar 32,9 35,1 46,5 44,9
untreated 32,4 34,6 44,3 43,4
ZumSil soil 33,1 33,9 45,5 43,9
ZumSil soil plus foliar 31,9 34,2 48,5 40,6
ZumSil foliar 32,5 34,4 46,3 33,0

All data are ns - non statistically different

Table 3. Mean height of plants depending on Siliation
Tab. 3.Srednia wysoké’ roslin w zalenasci od nawdgenia
krzemem

BBCH 21 BBCH 39
beginning of tillering | flag leaf
[cm] [cm]
Adesil soil 15,05 493 b
Adesil soil plus foliar 14,4 49,7 ab
Adesil foliar 14 49b
untreated 13,6 439c
ZumSil soil 14,65 51 a
ZumSil soil plus foliar 14,35 51,6 a
ZumSil foliar 13,95 51,1a

Source: own work Zrodio: opracowanie wiasne

Similarly, like at case of height of plants, highean
number of spikes was noted on plot where ZumSil aas
plied, regardless of method of application (TableAlso,
higher mean number of spikes was observed on plo¢se
Adesill was applied as combined treatments (Taple 4

The highest number of spikes was recorded in coaabi
tion, where both fertilizers were used both tosb# and as
foliar spraying (464 and 478 ears, respectively Adesil

Source: own work Zrodto: opracowanie wiasne

Table 4. Effect of different silicon fertilizatiorend meth-
ods of application on mean number of spikes asnpeter
of yielding

Tab. 4. Efekt rénych form nawgenia krzemem i ghych
metod aplikacji narednig obsa@ ktoséw na 1 m

R Mean number of spikesl
Methods of application m? at BBCH 75
Adesil soil 393,25 bc
Adesil soil plus foliar 464,75 a
Adesil foliar 431,75 bd
untreated 374 ¢
ZumSil soil 453,75 a
ZumSil soil plus foliar 478,5 a
ZumSil foliar 462 a

p<0,05 Source: own work Zrédlo: opracowanie wtasne

4. Discussion

The effects of silicon on crops such as vegetalftei
trees and shrubs, rape, wheat, potato, corn andlanea
plants have been investigated also in Poland [§, Ti8e
SPAD chlorophyll meter is useful for rapid analysi
chlorophyll and nitrogen status of crops, whilenéts not

and ZumsSil). ZumSil increased number of spikes evebeen established how strongly the meter readirgysare-

when was applied as simply treatment. In all commatiams
where fertilization was done, statistically sigeént spike
density was obtained compared to the control (37 /ex-
cept where Adesil was applied before sowing (Tdble
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lated with fertilization and different fertilizer anagement
options. Our results indicated that silicon fertiion had
rather positive influence for development and yigddof

spring wheat. In this crop is very limited reseasttout
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silicon. In presented work, SPAD index was diffdéree-
pending on the time of measurement, as its vali@s the
highest at earing formation. This effect is in liwéh other
research conclusions obtained by Radkowski &ed-

kowska who noted the highest SPAD at the flowering stage

[11]. Ahmad et al., who investigated the role dicen in
fertilization of wheat Triticum aestivuriL.) under different
soil humidity conditions, reported that silicon &pation

considerably improved plant biomass, height and ear

weight [2]. Our results are confirming theirs résul

In other trials, Si amendment, either throughrtias or
the leaves, did not increase plant growth. Alsordsearch
conducted by Segalin et al. [13] revealed thatfadipplica-
tion of silicon did not affect either yield or phgtgical
quality of wheat seeds of different cultivars. Wanclude
that combined — foliar and to the soil — methodsenthe
most effective for growth of wheat. This statemisngimi-
lar like concluded Guevel et al. [6]. Thus, theldiee-
sponse to Si may be related to an improved uptékbi®
nutrient [7] and methods of delivery them to plants

5. Conclusions

The results of the field experiment showed theelfien
cial effect of using the silicon fertilizers. Dugrthe study,
relative chlorophyll content, expressed as the deaénness
index (SPAD) was found to increase until earingrfation.
Plants treated by silicon were better developedheéti in-
cidence of emergence, height of plants and density
spikes were found in treated plots where ZumSil aps
plied. No differences between effectiveness of Zilims
relation to methods of application were noted.
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