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Formation of productive elements in winter wheat by seed
dressing application with slow-release complex fertilisers

Abstract. Optimisation of plant nutrition in the initial stages of development is important for
the formation of productive elements of the main and additional shoots and grain yield. The
study presents the results of examining the effect of slow-release chlorine-free fertilisers in seed
dressing application at the rate of 100 kg/ha on the formation of productive elements in winter
wheat compared with the zone control — azophoska 16:16:16 and a variant without fertilisers. Field
studies were conducted in 2019-2021 on winter bread wheat varieties Bohdana and Samurai. The
fertilisers produced by FertinAgro were examined: DuraSOP with the content of NPK(S) - 9:20:12:(15),
10:10:17(20), and 4:26:12:(10). It is established that the influence of weather conditions on the
variability of grain weight per shoot, grain number per shoot, thousand seed weight substantially
exceeded the factors under study in both varieties. The formation of productivity elements under the
impact of the examined fertilisers depended on the varieties and manifested themselves in different
ways in different weather conditions. DuraSOP fertilisers did not have a substantial difference in
the effect on grain number and weight per shoot in the Bohdana variety compared to the control
in arid conditions, but grain weight from shoot increased to 174-178 g compared to the application
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of azophoska, and grain number per shoot varied insubstantially under favourable conditions.
Application of DuraSOP fertilisers in the Samurai variety allowed to form 1.17-1.21 g of grain per
shoot under the arid conditions and 147-149 g - in the favourable conditions, which did not differ
substantially from the control. The DuraSOP ActiBION increased the number of productive shoots
by 8.4% and DuraSOP Phos - by 7.7% in the Bohdana variety, while only DuraSOP Phos substantially
affected the productive shoots in the Samurai variety (an increase of 3.8%). Application of slow-
release fertilisers allows for obtaining grain yield of 6.58 to 7.03 t/ha in the Bohdana variety and 6.61-
6.80 t/ha in the Samurai variety. Fertilisers have higher efficiency in the Bohdana variety, while there
was a substantial increase in the Samurai variety only when DuraSOP Phos was applied (0.31 t/ha or
4.8%). The application of slow-release fertilisers also increases the protein content in the grain by
0.3-0.5%. The sensitivity of varieties to different ratios of macronutrients in pre-sowing fertilisers is
one of the elements of technology that have a high impact on wheat cultivation, so the use of effective

forms can increase yields up to 11.4% compared with typical fertilisers

Keywords: yield, protein content, standing density, variety, thousand seed weight

INTRODUCTION

Growing high and sustainable yields and obtain-
ing quality grain are the basis of profitable grain
production in Ukraine. The productivity of cere-
als has already reached a plateau and its growth
rate has slowed substantially compared to the
second half of the 20th century. Improving the
elements of technology adapted to the variety is
the key to increasing wheat productivity in the
last decade in Ukraine (Popov et al., 2014). Opti-
misation of the fertiliser system and some most
sensitive elements are the basis for increas-
ing the productivity of cereals at low additional
costs (Barabolia et al., 2018).

World experimental data shows that the
productivity potential of winter wheat can be
extremely high (Hatfield § Beres, 2020). The
biological potential of productivity of modern
winter wheat varieties reaches 24.6 t/ha, but
Ukraine’s record for yield in cultivation tech-
nology was 13.2 t/ha. Grain yields in the coun-
tries with the highest average yields (the United
Kingdom, Germany, and France) are only half of
the officially registered world records, so the op-
timisation of cultivation technologies remains
the main tool for productivity management
(Asseng et al.,, 2020).

Itis necessary to optimise the interaction of
the two main components to obtain a high wheat
yield: a high genetic productive potential and

\U)

growing conditions that can ensure its full reali-
sation (Ghane et al., 2009). The main problems of
conventional nitrogen fertilisers include unpro-
ductive losses (ammonia weathering for amide
fertilisers, leaching for nitrate, denitrification
and immobilisation of nitrogen), the discrepan-
cy between the rate of nitrogen consumption by
plants and its release from fertilisers, and impos-
sibility (or limited possibility) to implement the
differential application of nitrogen (Vozhehova &
Serhieiev, 2018; Shiwakoti et al., 2020).

ANALYSIS OF RECENT STUDIES AND
PAPERS
The cost of mineral fertilisers is already ap-
proaching half the cost of cultivation technology
for high-yielding wheat varieties. Fertiliser rates
should be determined according to soil condi-
tions, the ability of crops to absorb the elements,
and, most importantly, the presence of available
moisture (Mazurenko et al., 2020). According to
a study by J. Lemon (2007), the dominant group
of factors influencing the yield, quality, and pro-
tein harvest of winter wheat are soil and climat-
ic conditions, nitrogen fertilisers, crop rotation,
and varietal characteristics of plants, which
in total causes more than 50% of the variation
in this indicator (Behdi et al, 2015). The quali-
ty and form of nutrients are less important for
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the plant than the total amount, but the product
quality can be improved by optimising this ele-
ment of technology, which will affect the selling
price (Karabach, 2020). Common wheat (Triti-
cum aestivum L.) forms enough protein in grain
with high baking quality at high rates of nitro-
gen fertilisers with a sufficient number of other
macro- and micronutrients in an accessible
form (Morgun et al., 2010; Rybalka, 2011).

The grain yield of winter wheat and the for-
mation of its productivity during the growing
season largely depend on the gross supply of ni-
trogen, phosphorus, and potassium (Hartmann
et al., 2015). Methods of applying various fertil-
iser forms and rates are aimed at optimal and
most effective use during the growing season
to obtain a high yield with appropriate quality
by placing them in the adequate depth of soil
(Kalenska et al., 2012). The main methods of fer-
tiliser application are scattering before basic
tillage with their subsequent earning, locally in
rows, or by scattering under pre-sowing cultiva-
tion, in rows during sowing and foliar fertilisa-
tion (Shyrynian et al., 2006).

Purpose of the study. Establish the influence
of sowing ultra-local application of slow-re-
lease complex fertilisers on the elements of crop
structure and winter wheat productivity.

MATERIALS AND METHODS

The field experiment was conducted during 2

growing seasons of winter crops at a Separated
subdivision of the National University of Life and
Environmental Sciences of Ukraine “Agronomic
Research Station’,

The average air temperature was +8.5°C in
the first growing season (2019-2020), but it was
+7.2°C in the second (2020-2021), which sub-
stantially exceeded the perennial values (+5.8°C).
Years were contrasting in terms of moisture be-
cause precipitations during the winter wheat
vegetation were 213.5 mm in the first year (46.7%
of the perennial value) and 504.6 mm (110% of
the perennial value) in the second year.

The soil of the experimental field is typical
low-humus (humus content is 4.04%). The pre-
decessor crop is peas. Each variant has four rep-
lications. The cultivation system is classic fallow.
The fertilising system provided the pre-sow-
ing application of 200 kg/ha of diammophos
(N, P_K_). The application of 200 kg/ha of am-

207 527752
monium nitrate (N,) in tillering stage (BBCH

31-38) was conduc?tged. The sowing rate was
450 pcs/m?, the inter-row space was 19 cm, the
depth of seed wrapping was 4-6 cm, and the
sowing period was the third decade of Septem-
ber. Seeds were treated with Kinto Duo (2.5 1/t).
Crop protection included 2 sprayings by fungi-
cide Abacus (1.5 1/ha) and a single application of
insecticide Fastak (0.11/ha).

The experimental scheme and the charac-
teristics of fertilisers are shown in Table 1.

Table 1. Scheme of the field experiment

Factor B Fertilise characteristics and nutrient content, %
Factor A 3
Variety Seed dressing, 100 kg/ha
physical weight N PO, K,0 Other
B1. Without fertilisers - - - -
B2. Azophoska (control) 16 16 16 SO,-6
Al Bohdana
B3. DuraSOP ActiBION 9 20 12 SO,-15
A2. Samurai
B4. DuraSOP Elite 10 10 17 SO, -20
B5. DuraSOP Phos 4 26 12 SO, -10

Plant and Soil Science, (12) 4
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The impact of FertinAgro fertilisers (Spain)
on wheat productivity was assessed in compar-
ison with the control of azophoska. FertinAgro
fertilisers are made by DuraSOP technology -
slow-release chlorine-free fertilisers containing
potassium sulfate.

Elements of crop yields were determined
by generally accepted methods. Thousand seed
weight, grain weight per shoot, and grain yield
are calculated based on a moisture content of
14%. The difference between the variants was de-
termined by ANOVA and post-hoc Fisher'sLSD ..

RESULTS

It was identified that the form of fertilisers af-
fects certain elements of wheat productivity
during research. The effect of fertilisation on the
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grain number per shoot, grain weight per shoot,
thousand seed weight, and wheat yield were
studied.

The grain number per shoot (Fig.1) is the most
variable yield element in the experiment. It was
influenced by weather conditions and varietal
characteristics, and in some cases, the fertiliser
forms. The Bohdana variety formed 26.3 grains/
shootin 2020, but this parameter increased sub-
stantially in 2021 (36 grains/shoot). The Samurai
variety had a lesser variation of this parameter
it formed 28.3 and 32.7 grains per shoot in 2020
and 2021, respectively. From this case, it can be
concluded that the Bohdana variety is better
adapted to improving growing conditions than
the Samurai variety in the “grain number per
shoot” parameter.

—
=

0 g 0 oo

B5

Bl B2(C) B3 B4 B5

Samurai

Figure 1. Grain number per shoot

On other hand, all fertilisers had a substan-
tial positive effect on grain number per shoot
compared to the variant without their appli-
cation, but a case of small amounts was better
than the control. DuraSOP Elite and DuraSOP
Phos substantially increased this parameter in
the Sumurai variety in 2020, but DuraSOP fer-
tilisers had not a substantial effect compared to
azophoska in the Bohdana variety this year.

The situation changed in 2021 with a suffi-
cient level of precipitations. DuraSOP Phos was

)

more effective in terms of grain number per
shoot than the control in the Bohdana variety,
but there was no difference between the fertil-
isersin cv Samuraiin 2021.

Grainweight pershoot (Fig. 2) alsovaried great-
ly. According to our research, it was identified that
on average over two years the application of Dura-
SOP fertilisers led to an increase in grain weight
per shoot compared to the application of azophos-
ka for seed dressing, but their effectiveness was
different in some years and certain varieties.

Plant and Soil Science, (12) 4



Mazurenko et al.

N
—_

H
(0]
-
==
==
=

[}
I

N
NS o

Grain weight per shoot, g
[

o
Y

Bl B2(C) B3 B4

Bohdana
02

— —
I —1

i

B5 Bl B2(C) B3 B5

Samurai

020 002021

Figure 2. Grain weight per shoot (g) in 2020 and 2021

Grain weight per shoot substantially depend-
ed on the weather conditions of the year in both
varieties. Notably, there was a tendency for a sub-
stantial increase in this parameter in the Bohda-
na variety with an improvement of the moisture
regime in 2021, when this figure averaged 170 g
against 112 g in 2020. The Samurai variety had a
lesser gap in grain weight per shoot, it increased
from 114 to 144 g as weather conditions improved.

Sowing without fertilisers led to a decrease
in grain weight per shoot compared to the con-
trol (azophoska) by 0.15 g (10.6%) in the Bohdana
variety and by 0.20 g (15.2%) in the Samurai va-
riety. Application of DuraSOP fertilisers result-
ed in an increase in the grain weight per shoot
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from 2.8 to 5% in the Bohdana variety and from
0.08 to 3% in the Samurai variety on average for
two years. Notably, this increase was substantial
when using all DuraSOP fertilisers compared to
azophoska in the Bohdana variety, but only Du-
raSOP Elite had a substantial effect on this pa-
rameter in the Samurai variety. In both cases,
DuraSOP Elite gave the highest increase in grain
weight per shoot.

Thousand seed weight (Fig. 3) also differed in
varieties, years, and fertiliser forms. Thousand
seed weight (TSW) was 42.8 g in the Bohdana
variety in 2020, and it was 47.3 g in 2021, while
TSW was 404 and 439 g in the Samurai variety
in these years.

46.2
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|
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Figure 3. Thousand seed weight in 2020 and 2021 (g)
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Fertilisers had a positive effect on thousand
seed weight in both years of research. There was
no substantial difference between fertilisers in
the Bohdana variety in 2020, including azophos-
ka, while DuraSOP ActiBION and DuraSOP Elite
increased this figure to 48.6 and 49.6 g, respective-
ly, in 2021, which is substantially more than in the
control variant. On another side, these two brands
did not have a substantial difference compared
with the control in the Samurai variety in 2020, but
the application of DuraSOP Phos decreased the
thousand seed weight to 401 g this year. The differ-
ence between the fertilisers in terms of influence
on this parameter in 2021 was insubstantial.

Standing density is formed throughout the
growing season. The largest number of shoots is
observed at the beginning of the jointing phase
(BBCH 31), after which weak shoots begin to die
off. The number of shoots that formed the grains
and those that did not differ insubstantially, but
the reduction may occur at the level of forma-
tion of the organs in the shoot and fertilisation
in the anthesis.

There was no substantial difference in the
productivity of the main and side shoots, and the
number of low-yielding shoots was insubstan-
tial, so the standing density can be analysed in
one array (Table 2).

Table 2. Standing density of winter wheat (shoots/m?)

ariety Seed dressing 2020-2021

2020 2021 t/ha %
B1. Without fertilisers 417 402 410 -42 -9,3

o B2. Azophoska (c) 4772 4270 4522 0 0
%S B3. DuraSOP ActiBION 512¢n 468¢ 490P 38 84
‘8 B4. DuraSOP Elite 4732 428° 4512 -1 -0,2
B5. DuraSOP Phos 513¢h 460°¢ 487 35 77
B1. Without fertilisers 49(Qbed 465¢ 478° -16 -32

‘g B2. Azophoska (c) 500¢% 4884 494¢ 0 0
E B3. DuraSOP ActiBION 5054 4884 496¢ 2 0,5
& B4. DuraSOP Elite 498¢de 4874 493¢ -1 -0,2
B5. DuraSOP Phos 531n 4954 513 19 3,8

LSD,, 15 13 - -

Sowing without fertilisers led to a decrease
in the number of productive shoots by 9.3% in the
Bohdana variety and 3.2% in the Samurai variety
on average for two years. Therewith, the applica-
tion of DuraSOP fertilisers had almost no effect
on the number of productive shoots compared
to the variants where azophoska was applied, ex-
cept for DuraSOP ActiBION and DuraSOP Phos in
the Bohdana variety. The increase in the number
of shoots in these variants was 7.7-84%, while the
number of shoots increased substantially in the

Samurai variety only with the application Dura-
SOP Phos (3.8%). The impact of fertilisers on the
standing density was similar in these varieties in
2019 and 2020. The grain yield of winter wheat
was formed based on the elements of the crop
structure, depending on all factors, including
weather conditions. On average, according to the
results of the experiment, the Bohdana variety
formed 5.39 t/ha of grain in 2020 and 746 t/ha in
2021, while the Samurai variety formed 577 and
6.97 t/ha, respectively (Table 3).

Plant and Soil Science, (12) 4
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Table 3. Grain yield of winter wheat

. . Year Average per Increase compared
Variety Seed dressing 2020-2021 with control
2020 2021 t/ha %
B1. Without fertilisers 4.32 6.08 5.20 -111 -18.6
© B2. Azophoska (c) 547 715 6.31 - -
%S B3. DuraSOP ActiBION 5.88 817 703 0.72 114
2 B4. DuraSOP Elite 544 773 6.58 0.27 43
B5. DuraSOP Phos 5.86 8.20 703 072 14
B1. Without fertilisers 479 5.89 5.34 -115 -177
@ B2. Azophoska (c) 579 7.20 649 - -
E B3. DuraSOP ActiBION 6.05 719 6.62 013 20
&3 B4. DuraSOP Elite 6.02 719 6.61 o1 17
B5. DuraSOP Phos 6.21 740 6.80 0.31 4.8
LSD,, 034 0.54 023 - -

Grain yield in the Bohdana variety in the
control variant (azophoska) was 6.31 t/ha on
average for two years, while it was only 5.2t/ha
without pre-sowing fertilisation that is 111 t/ha
less, i.e. yield reduction was 18.6%. Application
of DuraSOP fertilisers substantially increased
grain yield - by 0.27 t/ha with DuraSOP Elite
(an increase of 4.3%) and 072 t/ha (an increase
of 11.4%) with DuraSOP ActiBION and DuraSOP
Phos, respectively. Notably, the application of
DuraSOP Elite did not result in a substantial dif-
ference compared with the control in 2020, it
only slightly exceeded LSD , in 2021.

The variability of grain yield in the Samurai
variety differed from the Bohdana variety under
influence of DuraSOP fertilisers. Sowing without
fertilisersledtoadecreaseinyield by anaverage of
115 t/ha (17.7% decrease) compared to the variant
with azophoska application, but the application of
DuraSOP Elite and DuraSOP ActiBION slightly in-

creased the average yield compared to the con-
trol. A substantial increase in grain yield in the
Samurai variety was only in a variant with the
application of DuraSOP Phos when the increase
was 0.31t/ha,i.e.4.8%,compared with the control.

The protein content of winter wheat in all
experimental variants was determined and pro-
tein output was calculated (Table 4). It is known
that drier conditions contribute to the formation
of higher protein content in grains, which is con-
firmed by the results of the experiment. Appli-
cation of DuraSOP fertilisers allowed obtaining
a high protein contentin the grain (14.3-14.5%) in
the Bohdana variety in 2020, so according to this
indicator it can be classified as the first class,
while the Samurai variety formed the grain of
the second class in all variants (lesser than 14%),
including without fertiliser, but the application
of DuraSOP increased the protein content com-
pared with the control variant.

Table 4. The protein content of winter wheat

. . Year
Variety Seed dressing 2020 2071
B1. Without fertilisers 13.0 127
B2. Azophoska (c) 139 134
Bohdana B3. DuraSOP ActiBION 14.3 136
B4. DuraSOP Elite 14.3 141
B5. DuraSOP Phos 14.5 144
B1. Without fertilisers 13.0 124
Samurai B2. Azophoska (c) 127 12.2
B3. DuraSOP ActiBION 13.2 12.8
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Table 4. Continued

’ . Year
Variety Seed dressing 2020 2071
Samurai B4. DuraSOP Elite 13.0 127
BS5. DuraSOP Phos 133 129
LSD,, 05

Weather conditions in 2021 were more fa-
vourable, but the protein content was lower,
which is known to be due to the negative corre-
lation between yield and protein content. There-
fore, the grain of the first class in the Bohdana
variety this year was formed only in the variants
of DuraSOP Elite and DuraSOP Phos fertilisers
(14.1and 14.4% of protein, respectively), while the
protein content in the Samurai variety corre-
sponded to the second class in the variants with
the application of DuraSOP fertilisers. Applica-
tion of azophoska or sowing without fertilisers
contributed to the formation of the grain of the
third class (lesser than 12.5% of protein).

CONCLUSIONS
The application of slow-release DuraSOP fer-
tilisers in seed dressing substantially increases

grain weight per shoot and the standing den-
sity of plants compared to the application of
azophoska in the Bohdana variety. Therewith,
only DuraSOP Phos has a substantial effect on
increasing yields in the Samurai variety, mainly
due to the increase in the density of shoots. This
difference is due to the different areas of appli-
cation and the specific features of the produc-
tivity formation in varieties under study as the
Samurai variety produces less protein, and its
requirements for the fertiliser system and the
ratio of nutrients will be different.

Each variety of common winter wheat has
its requirements for the ratio of nutrients in
the seed dressing application of fertilisers, so
further research is relevant given the optimi-
sation of cultivation technologies adapted to
the variety.
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dopMyBaHHS e/IeMeHTIB NPOAYKTUBHOCTI NMLWeHULi 03MMOi 3a
NPUNOCiBHOro BHECEHHS NOBINIbHOAIIOYNX KOMMNIEKCHUX A06puB

AHoTauiga. OnTuMisallifa XUBJIEHHA POCJIMH Ha IIOYAaTKOBUX eTallaX PO3BUTKY Ma€ BasKJIMBe
3HaYeHHd A1 GOpMyBaHHS eJIeMEeHTIB ITPOAYKTUBHOCTI TOJIOBHOTO Ta HIYHMX ITaroHiB i BpOXKaio
3epHa. V CTaTTi NpeACTaBIeHO pe3yJIbTaTh NOCIIIKEeHHS BIUIMBY IOBIIBHOAIOUNX 6e3XJIOPHUX
Io6pYB y IIpUITOCiBHE BHeceHHs B HOpMi 100 Kr/ra Ha GOpMyBaHHS €JIeMEHTIB IPOAYKTHBHOCTI
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TIIIeHUIT] 03MMOI ITOPiBHAHO 3 30HAJIBHMM KOHTPOJIEM — HiTpoaModoCKoIo 16:16:16. [ BUpillleHHA
II0CTaBJIeHUX 3aBJaHb 3aKJIa/IaBCs IMOJIOBUM Jlocaif, y 2019-2021 pp. Ha ABOX COPTaM IIHMIEHUIT
M'aKoi o3uMoi - Bormana Ta CaMmypail. BuB4Yaiuca KOMIUIEKCHI MOBiNbHOAi0Ui mo6prBa NPK(S)
BrpobHuITBa FertinAgro (Icranis) Mapgu DuraSOP ActiBION 9:20:12:(15), DuraSOP Elite 10:10:17:(20),
DuraSOP Phos 4:26:12:(10). BIUTMB ITOTOZHYX yMOB Ha GOPMyBaHHSA TAKUX €JIEMEHTIB IIPOJYKTUBHOCTI
MIIEeHUII 03UMOI, K Maca 3epHa 3 K0J10ca, KUIBKICThb 3epeH y Kojoci 1 Maca 1000 3epeH, CYyTTEBO
[IepeBUINYBaB JOCIKyBaHi YNHHUKY B 060X COPTiB. DOpMyBaHHS eJIeMeHTIB IPOAYKTUBHOCTI 32
BIUIMBY JOCTIiI>KyBaHUX OO PUB 3aJI€3KaJTO0 Bifl COPTIB i 1T0-Pi3HOMY IIPOSBIISAIOCS B PiSHUX TOTOTHUX
yMmoBax. lobprea DuraSOP He MaJIu CyTTEBOI pi3HULI y BIUIMBI Ha KiJIBKIiCTh i Macy HaciHHS 3 KOJIOCY
y copTa bormaHa IIopiBHAHO 3 KOHTPOJIEM Y IIOCYIIUIMBUX YMOBAX, aJle Maca HaCiHHA 3 KOJI0Ca CYyTTEBO
3pociia TIOPIiBHAHO 3 KOHTpoJieM (Bix 1,67 mo 1,74-1,78 T) 3a CIIPUATIMBUX YMOB, TOZi K KiJIbKIiCTh
3epHIBOK CYTTEBO He pisHmnacsa. ®opma Bo6puUB y IpUIIociBHE BHECEHHS B COPT CaMypall HeMasia
icTOTHOrO BIUIMBY, OCKIJIBKM 3a IIOCYLIIMBUX YMOB dopmyBanocsa 1,17-1,21 r 3epHa B KoOJIOCi, a 3a
crpuamiuByx 1,47-1,49 T, 1110 CYTTEBO He BiPi3HAIOCS BiZl KOHTPOTIO (HiTpoaModoCKa). 3aCTOCyBaHHA
DuraSOP ActiBION #03BOJIMIO 361IBIINUTH KiJIBKICTh ITPOAYKTUBHUX CTE6E Ha MOMEHT 36UpaHHs
Ha 8,4 % IOpiBHAHO 3 KOHTposeM i Ha 7,7 % y copTi BormaHa y pasi 3acTocyBanHsa DuraSOP Phos.
Copt CaMypaii ciablile pearyBaB Ha IOBUTBHOIOUI 06pMBA, TOMY CYTTEBA pi3HUIA 6ya JvIle
y BapiaHTy DuraSOP Phos Koy KiJIbKiCTh IIPOAYKTUBHUX CTe6eI. 38 Pi3HOCTOPOHHBOTO BIUIUBY
Ha GOpMyBaHHS eJIEMEHTIB MPOAYKTUBHOCTI BCi MOCIiIKyBaHi MOBIIbHOAIOUI JO6pUBA CYTTEBO
BIUIMBaNU Ha GopMyBaHHSA BpOsKalo 3epHa Y copTy BormaHa - y cepeHbOMY YPOSKaMHICTh Ha 11X
BapiaHTax CTAHOBWJIA Bixt 6,58 110 7,03 T/ra (mpupict 0,27-0,72 T/ra), TOZ| IK HA KOHTPOJIBHOMY BapiaHTi
dopmyBasocs 6,31 T/ra 3epHa. BogHOUac y copta Camypari IpupicT Bif 3aMiHU HiTpoaMOdOCKU Ha
noBinbHOA 04Ul dopmu obpuB ctaHOBUB 0,11-0,31 T/ra, TO6TO CyTTEBE 36iNMBLIEHHA YPOXKAMHOCTI
6yr10 nuiile 3a 3acTocyBaHHAa DuraSOP Phos, 1110 1aJ10 MOSKJIUBICTh OTpUMaTH 6,80 T/Ta 3epHa, TO6TO
MpUpicT CTaHOBUB 4,8 % Bif, KOHTPOJIO (6,49 T/ra). BAKOPUCTAHHSA MTOBUIBHOAIIOUMX JOGPUB TAKOK
JIaJI0 3MOTY 361IBIIKUTY BMiCT 6i1Ka B 3epHi Ha 0,3-0,5 %, 1110 3arajioM € HeCyTTEBUM IIPUPOCTOM, aJie B
OKpeMUX BUIIaZKaX A€ 3MOTY MiIBUIUTH KJlacC 3epHa ITif yac peasnisaril. CopToBa peakliis Ha pisHe
CIiBBiAHOIIEHHSA MaKpOEJIEMEHTIB y J06pHBax AJiA [IPUIIOCIBHOTO BHECEHHS € OMHUM 3 eJIEMEHTIB
TEXHOJIOTi, IKi MatoTh BUCOKUY BIUIUB Ha IPOAYKTHUBHICTD MIIEHULT] Ta Ii pO3BUTOK Ha [I0YAaTKOBUX
eTariax, TOMy BUKOPHCTaHHS eQeKTUBHMX GOPM Jla€ MOKIIUBICTD IiABUIIUTY BPOXKakHICTD 10 11,4
% TIOPiBHAHO 3 TUTIOBUMU KOMITJIEKC HUIMU I06pHUBaMU

KnouoBi cnoBsa: ypoykal, yMicT 6i/iKa, T'ycTOTa CTOSHHS, COpT, Maca 1000 3epeH
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