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ABSTRACT

Barley is cultivated mainly for feed purposes in the Tyumen region. At the same time, there is a need to
obtain  brewing  barley  grain.  This  research  is  aimed  at  establishing  the  influence  of  elements  of
cultivation technology on the productivity of barley varieties and identifying the compliance of grain
quality  indicators  with  the  established  requirements.  The  studies  were  performed  in  three  field
experiments on the experimental field of the of the Northern Trans-Ural State Agricultural University in
the northern forest-steppe of the Tyumen region in 2014 - 2016. In terms of the complex indicator –
the collection of protein from a unit area – the Lamador Pro + Rostok variant stood out: for the Acha
variety,  this indicator was 612 kg/ha, for the Abalak variety -  646 kg/ha. The best indicators were
obtained in the variant with the use of Hydromix complex for treating the seeds: for the Acha variety,
the yield was 4.55 t/ha, for the Abalak variety - 4.62 t/ha, the protein content in the grain was 13.1 and
13.3%, respectively. In terms of yield, Omsky 85, Payjazz and Beatrice varieties surpassed the standard.
The obtained research results are recommended for implementation at the enterprises of the agro-
industrial complex of the Tyumen region. 

Introduction

Among  the  grain  crops  in  the  country,  barley
(Hordeum  vulgare L.)  ranks  second  after  wheat  in
terms  of  the  cultivation  area  (1-3).  In  the  Tyumen
region of Russia, a significant part of the grain of this
crop is used for feed purposes. The nutritional value
of  barley  is  ensured  by  the  balanced  amino  acid
composition of its protein, which allows introducing it
into the diets for all types of animals,  mostly for pig
fattening  (4,  5).  The  barley  grains  used  for  feed
purposes  must  comply  with  a  number  of
requirements,  the  most  important  of  which  is  the
protein content, it should be not less than 13% (6).

For assessing barley as a raw material  for food
purposes,  the  requirements  include  the  following
indicators: grain unit (≥630 g l-1), humidity (≤14.5 %),
weed impurity (≤2 %), grain impurity (≤7 %) and the
share of small grains (≤5 %) (7).

The  regulated  characteristics  applied  to  the
brewing barley grain include the protein content (≤12

%), the germination ability  (≥90 %) and the viability
(≥95 %) (8).

The problem of creating highly productive barley
varieties for the intended use and the development of
effective  technologies  for  their  cultivation  was
described in several works by the scientists (5, 9-13).
As  a  promising  technique,  presowing  treatment  of
wheat and barley seeds with fungicides together with
growth  regulators  and  stimulants  was  considered.
This element of technology had a positive effect on the
growth, development of plants and in general, on the
productivity of the crop (14-16). 

Among the  intensive  technologies  of  grain  crop
cultivation, the methods with the use of micronutrient
fertilizers  have  become  widely  used.  Their  use  is
aimed at stimulating the formation of chlorophyll in
the leaves of the plants, improving the photosynthesis
process,  increasing  the  amount  of  the  required
substances,  such  as  proteins,  carbohydrates,  amino
acids  etc.  There  is  evidence  that  the  use  of
micronutrient  fertilizers increases the yield of  crops
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by 9.4 – 28.6  % (17-19).  The plants  best absorb the
chelated  forms  of  micronutrient  fertilizers.  It  is
believed that  their  use compensates  for the lack of
microelements  in  the  soil,  such  as  boron,  copper,
iron, manganese etc. (20-22). The positive effects of
chelated  forms  of  fertilizers  on  the  crop  product
quality  have  been established  (23,  24).  For  cereals,
microelements  such  as  copper,  zinc,  boron,  and
molybdenum  are  mainly  needed  (25-28).  The
effectiveness  of  the  micronutrient  fertilizers
increases upon their combined use for the seed and
plant treatment (29).

In the Tyumen region, spring wheat showed the
best  productivity  and  profitability  in  the  variants
where  the  Hydromix  complex  of  micronutrient
fertilizers had been used for seed treatment, and the
solution  of  the  Master  Special  micronutrient
fertilizers had been used for plant treatment (30, 31). 

Barley grain is used in the brewing industry as
the raw material for obtaining malt. In the Tyumen
region,  breweries  use  malt,  as  they  do  not  have
malting  plants.  At  the  same  time,  individual
producers  supply  malting  barley  to  other  regions.
The studies of the grain quality  of various brewing
barley  varieties  performed  at  the  Northern  Trans-
Ural  State  Agricultural  University  showed  that  the
germination  ability  was  the  most  limiting  of  all
regulated  parameters.  The  quality  of  the  malt
obtained  from  the  grain  of  the  Acha  and
Chelyabinsky  99  barley  varieties  was  studied;  its
properties corresponded to the requirements of the
second  grade  of  the  State  Standard.  The  protein
content in the grain of brewing varieties was close to
the norm (≤12 %): in the Acha variety, the amount of
protein varied from 11.2 to 12.3 %, depending on the
growing conditions; in the Chelyabinsk 99 variety, it
varied from 11.7 to 13.2 % (32).

The  basis  for  ensuring  a  certain  level  of
productivity  and  product  quality  is  the  level  of
mineral nutrition. It is known that varieties respond
to the mineral fertilizer background differently (18,
24, 33). A particularly careful approach to calculating
the  fertilizer  rates  is  needed  in  cultivating  the
brewing varieties of barley, as the protein content in
its grains is limited (34).

The  research  was  aimed  at  studying  the
influence of elements of cultivation technology on the
productivity  of  barley  varieties  and  identifying  the
compliance  of  grain  quality  indicators  with  the
established  requirements  in  the  conditions  of
Northern Trans-Urals.

Materials and Methods

The  studies  were  performed  on  the  experimental
field  of  the  Northern  Trans-Ural  State  Agricultural
University  in  the  northern  forest-steppe  of  the
Tyumen  region  in  2014  –  2016.  The  soil  of  the
experimental  field  was  leached  heavy  loamy
chernozem. In terms of the chemical composition, the
arable  soil  layer  was characterized by the  medium
humus content,  the medium content of phosphorus
and potassium, the low content of nitrogen and the

slightly  acidic  reaction  of  the  soil  solution.  The
predecessors in the experiments were annual herbs.

The  research  was  performed  in  three  field
experiments:

Experiment 1. Influence of presowing treatment of
seeds with fungicide and growth regulators on yield
and grain quality of barley varieties. Variants of the
experiment provided for the treatment of seeds with
Lamador  Pro  fungicide,  Rostok  and  Mival-Agro
growth  regulators,  and  their  combinations:  1)
reference; 2) Lamador Pro (0.2 l/t); 3) Rostok (0.5 l/t);
4)  Mival-Agro  (5  gm/t);  5)  Lamador  Pro  (0.2  l/t)  +
Rostok (0.5 l/t); 6) Lamador Pro (0.2 l/t) + Mival-Agro
(5 gm/t).  The studies  were carried out  on the  Acha
and Abalak barley varieties.

Experiment 2.  Influence of treatment of  seeds and
plants  with  micronutrient  fertilizers  on  yield  and
grain quality of barley varieties. In the variants of the
experiment, Hydromix complex fertilizer and Master
micronutrient fertilizer were used for processing of
seeds  and  vegetative  plants:  1)  reference;  2)  seed
treatment with Hydromix, 100 gm per ton of seeds; 3)
seed treatment with Hydromix, 100 gm/t + Master, 1
kg/ha in the stem elongation phase; 4) seed treatment
with  Hydromix,  100  gm/t  +  Master,  1  kg/ha  in  the
heading  phase;  5)  seed treatment  with Hydromix +
Master, 1 kg/ha in the phases of stem elongation and
heading.  The studies  were carried out  on the  Acha
and Abalak barley varieties.

Experiment  3. Study  of  productivity  and  grain
quality  of  brewing  barley  varieties  on  different
backgrounds  of  mineral  fertilizers.  Omsky  85,
Payjazz,  Baltika,  Zhana,  Beatrice  brewing  barley
varieties were studied and compared with the Acha
standard on two backgrounds of mineral fertilizers:
moderate and elevated.

In experiments 1 and 2,  the fertilizer rate was
calculated by the balance method for yield of 4 t/ha.
In experiment 3, moderate background was created
by the  application of  fertilizers  based on the grain
yield  of  4  t/ha,  while  elevated  background  was
created based on 5 t/ha grain yield.

The area of  the  experimental  plots  was 15 m2,
the  experiments  were  replicated  four  times,  the
placement  of  the  plots  was  randomized.  Field
experiments,  observations  and  calculations  were
performed in accordance with the Methodology for
state variety testing of agricultural crops (35).

The grain yield was calculated by the method of
direct threshing of grain from a plot using a SAMPO-
130 combine in the phase of full ripeness.

In order to determine the grain quality indicators

A combined grain sample  from four replicates  was
used, laboratory analyses were performed twice.

The  weight  of  1000  grains  was  determined  by
counting the grains from average sample comprised
of two samples of 500 grains each and weighing them
on a laboratory balance with an accuracy of 0.01 gm.
The sum of two samples was taken as the final result
if  the  difference  between them did  not  exceed 6%
(36).
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The  grain  unit  was determined using  a  liter  grain-
unit  scale.  The  arithmetic  mean  of  the  two
determinations  was taken as  the final  result  of  the
determination if the difference between them did not
exceed 5 gm (37).

The barley grain uniformity was determined by
sieving a sample of 100 gm through sieves with the
following dimensions: 2.8x20 mm, 2.5x20 mm, 2.2x20
mm. Tailings were weighed on a laboratory balance
with an accuracy of 0.01 gm. The final result of the
determination  was  the  largest  sum  of  weighings
obtained  from  two  adjacent  sieves,  expressed  as  a
percentage of the sample taken for analysis (36).

Protein content was determined by the Kjeldahl
method for total nitrogen using a nitrogen to protein
conversion factor of 6.25 (36).

The data  were processed using  the  analysis  of
variance  (38).  Microsoft  Excel  application  program
was  used  for  statistical  processing  of  the  data
obtained.

Meteorological  conditions  during  the  years  of
research

Relative  to  the  long-term  average  indicators
characterizing  the  growing  season of  barley  in  the
northern  forest-steppe  of  the  Tyumen  region
(average daily air temperature 15.3 о С, precipitation
200  mm),  the  conditions  of  2016  were  especially
different: the average daily air temperature exceeded
the norm by 3.6  о С and the amount of precipitation
was  only  70% of  the  norm.  However,  it  should  be
noted  that  precipitation  was  distributed  relatively
evenly during the growing season. In 2014 and 2015,
the average daily  air temperature slightly exceeded
the  long-term  level  (by  1.2  and  0.7  о С)  and  the
amount of precipitation basically corresponded to the
norm. Under such conditions,  barley varieties were
characterized  by  sufficiently  high  yield  and  good
grain quality. 

Results 

The productivity of barley varieties in the experiment
1 where the seed treater and the growth regulators
had been used for presowing treatment was within
the calculated range of 4  t ha-1 and more (Table 1).
For the Acha variety, the highest yield was obtained
in the variant  where the Lamador Pro seed treater
had  been  used  in  combination  with  the  Rostok
growth regulator. A substantial increase by 0.37 t ha-1

was obtained in this variant. 

The  Abalak  variety  showed  responsiveness  to
the  seed  treatment  with  the  Mival-Agro  growth
regulator, as well as to the combined seed treatment
with the seed treater and growth regulators (variants
four, five, and six). In these variants, the yield growth
amounted to 0.45, 0.40 and 0.36 t ha-1 respectively.

Grain  quality  determines  its  customer  value;
therefore,  studying  the  characteristics  regulated  by
the state standards should be considered with regard
to  the  varietal  peculiarities  and  the  growing
conditions. 

The  physical  properties  of  barley  grain  are
characterized  by such parameters  as  the  weight  of
1000 grains, the grain unit and the grain uniformity.

In the experiment, the weight of 1000 grains of
the Acha variety amounted to 43.8 – 48.5 gm (Table
2).  The  highest  values  were noted in  the  reference
variant and in the variant where the seeds had been
treated with the Rostok product (48.1 and 48.5 gm). A
significant decrease in the weight of 1000 grains was

noted  in  the  variants  where  the  seeds  had  been
treated  with  both  the  seed  treater  and  the  growth
regulators. For the Abalak variety, the highest value
of the parameter was noted in the variant where the
seeds had been treated with Mival-Agro (47.8 gm). A
decrease in the weight of 1000 grains,  compared to
the  reference,  was  observed  in  the  variant  where
Lamador  Pro had  been used,  and  in variant  three,
where the  seeds  had been treated  with  the  Rostok
growth regulator.

The grain unit characterizes the value of barley
as the raw material processed into groats, flour and
other food products.

The  grain  density,  which  depends  on  the
biological  structure  of  the  grain  and  its  chemical
composition, plays a significant role in assessing the
grain  unit.  The  normalized  (basic)  grain  unit  of
barley should be not less than 580 g l-1, and the grain
unit of barley processed into groats should be 630 g l-1

or more (7). 

As shown by the data in Table 2, the Acha variety
featured higher grain unit,  compared to the Abalak

Table 1. The yield of the barley varieties  under the effect of the
seed treatment with the seed treater and growth regulators, t ha -1

(2014 – 2016).

Variant Acha Abalak
1. Reference 4.13 4.15
2. Lamador Pro (0.2 l t-1) 4.14 4.33
3. Rostok (0.5 l t-1) 4.06 4.42
4. Mival-Agro (5 g t-1) 4.17 4.60
5. Lamador Pro (0.2 l t-1) + Rostok (0.5 l t-1) 4.50 4.55
6. Lamador Pro (0.2 l t-1) + Mival-Agro (5 l t-1) 4.24 4.51
LSD05 for the Variety factor 0.20
LSD05 for the Variant factor 0.34

Table  2.  The  physical  properties  of  barley  grain  after  the  seed
treatment with the seed treater and the growth regulators, 2014 –
2016.

Variants

The
weight
of 1,000
grains, g

The
grain
unit, 
g l-1

The
unifor
mity,

%
Acha

1.Reference 48.1 640 90
2.Lamador Pro (0.2 l t-1) 47.2 643 93
3.Rostok (0.5 l t-1) 48.5 642 90
4.Mival-Agro (5 g t-1) 47.5 640 94
5.Lamador Pro(0.2 lt-1)+Rostok (0.5 lt-1) 45.9 640 94
6.Lamador Pro(0.2 lt-1)+Mival-Agro (5 lt-1) 43.8 645 93

Abalak
1.Reference 47.0 620 92
2.Lamador Pro (0.2 lt-1) 44.3 615 90
3.Rostok (0.5 lt-1) 44.0 616 88
4.Mival-Agro (5 gt-1) 47.8 615 89
5.Lamador Pro(0.2 lt-1) + Rostok (0.5 lt-1) 46.0 614 93
6.Lamador Pro(0.2 lt-1)+Mival-Agro (5 lt-1) 47.6 620 92
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variety. The average excess in the variants amounted
to  25  g l-1.  Depending  on  the  effect  of  the  seed
treatment  with  growth  regulators  and  treaters,  the
Acha variety showed a tendency to increase the grain
unit  in  the  variants  of  the  experiment,  while  the
Abalak variety, on the contrary, showed a tendency
to decrease the value of this parameter.  As a  whole,
the grain units  of the studied varieties were within
the requirements for food barley grain.

The grain size uniformity is an important quality
indicator. The more homogeneous the grain size is, or
the more uniform it is, the lower the process losses
are  and  the  better  the  quality  of  the  obtained
products  is.  This  applies  to  grain  processing  into
flour, and especially — into groats. The requirements
for groats barley envisage the grain uniformity of at
least 85 %. 

The  grain  of  the  studied  barley  varieties
corresponded  to  the  established  norms  for  this
parameter (Table 2). For the Acha variety, the grain
uniformity was 90 – 94 % and for the Abalak variety
— 88 – 93 %. 

The content of protein in the grain of the Acha
variety  was  13.6  –  14.7  %  in  the  variants  of  the
experiment (Table 3). A slight increase in the value of
this parameter (by 0.9 %), compared to the reference,
was noted in the variant where the seeds had been
treated with the seed treater. In the Abalak variety,
an increase in the amount of protein in the grain was
noted in all the studied variants (0.5 – 0.9 %).

The highest protein yield in the Acha variety was
obtained  in  the  variant  with  the  combined  seed
treatment  with  the  seed  treater  and  the  Rostok
growth regulator (612 kg ha-1). For the Abalak variety,
the  same variant  as  well  as  the  variant  where  the
seeds  had  been  treated  with  the  Mival-Agro  seed
treater provided the best results (646 kg ha-1 and 644
kg ha-1 respectively). 

According to the results obtained in experiment
2  (Table  4),  it  should  be  noted  that  significant
increases in yield in the Acha variety were noted in
all the studied variants (0.28 - 0.38 t ha-1). Out of these
variants,  the best yields were noted in variant two,
where  the  seeds  had  been  treated  with  Hydromix
(4.55 t ha-1) and in variant three, where the seeds had
been  treated  and  the  plants  had  received
supplementary  fertilizer  at  the  phase  of  stem
elongation (4.52  t  ha-1).  For  the  Abalak  variety,  the
highest  yield  increase  (0.44  t  ha-1)  was  obtained  in
variant three, where the seeds had been treated with
the Hydromix complex and the Master micronutrient
fertilizer in the phase of stem elongation. The yields

in  variant  two,  where  the  seeds  had  been  treated
with  the  Hydromix  complex  (0.34  t  ha-1),  and  in
variant four, where the seeds had been treated with
the Hydromix complex and the plants  received the
Master supplementary fertilizer in the earing phase
(0.32  t ha-1), also exceeded the yield in the reference
variant.

The weight  of  1000 grains  of  the  Acha variety
increased  in  the  variants  of  the  experiment,
compared  to  the  reference  (Table  5).  The  highest
value (47.8 gm) was obtained in the  variant  where
the  seeds  had  been  treated  with  the  Hydromix
complex  and  the  plants  had  received  the  Master
micronutrient fertilizer in the earing phase. For the
Abalak  variety,  a  reduction  in  the  weight  of  1000
grains was noted in the variants with supplementary
fertilization in the earing phase.

The  protein  content  in  the  grains  of  barley
increased in the variants where the grains had been
treated with micronutrient  fertilizers (Table  5).  For
the Acha variety, the increase amounted to 0.9 – 1.3
% and for the Abalak variety — to 0.6 – 0.9 %.

The  brewing  barley  varieties  were  studied  on
two  backgrounds:  the  moderate  one  with  the
fertilizer norm intended for obtaining the yield of 3 t
ha-1,  and the increased one with the fertilizer norm

Table 3. The protein content in the grains of the barley varieties
after the seeds exposure to the seed treater and growth regulators,
% (2014 – 2016).

Variant Acha Abalak

1. Reference 13.8 13.3

2. Lamador Pro (0.2 lt-1) 14.7 14.2

3. Rostok (0.5 lt-1) 13.8 13.9

4. Mival-Agro (5 gt-1) 13.6 14.0

5. Lamador Pro (0.2 lt-1)+Rostok (0.5 lt-1) 13.6 14.2

6. Lamador Pro (0.2 lt-1)+Mival-Agro (5 lt-1) 14.0 13.8

Table 4. The yields of the barley varieties under the effect of seed
and plant treatment  with micronutrient fertilizers,  t ha-1 (2014 –
2016).

Variant Acha Abalak

1. Reference 4.17 4.28
2. Seed treatment, Hydromix 4.55 4.62

3.  Seed treatment,  Hydromix  +  the  Master
supplementary  fertilizer  in  the  phase  of
stem elongation 

4.52 4.72

4.  Seed treatment,  Hydromix  +  the  Master
supplementary fertilizer in the earing phase

4.45 4.60

5.  Seed treatment,  Hydromix  +  the  Master
supplementary  fertilizer  in  the  phase  of
stem elongation and the earing phase

4.48 4.40

LSD05 for the Variety factor 0.20
LSD05 for the Variant factor 0.24

Table 5. The weight of 1000 grains and the content of protein in
the grains of the barley varieties under the effect of seed and plant
treatment with micronutrient fertilizers, 2014 – 2016.

Variant
The weight of

1000 grains, gm
Protein content, %

Acha Abalak Acha Abalak
1. Reference 45.7 48.9 12.2 12.7
2. Seed treatment, 
Hydromix

46.6 49.1 13.1 13.3

3. Seed treatment, 
Hydromix + the Master 
supplementary fertilizer 
in the phase of stem 
elongation 

46.3 49.1 13.2 13.3

4. Seed treatment, 
Hydromix + the Master 
supplementary fertilizer 
in the earing phase

47.8 46.9 13.3 13.5

5. Seed treatment, 
Hydromix + the Master 
supplementary fertilizer 
in the phase of stem 
elongation and the earing
phase

46.5 47.5 13.5 13.6
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intended for obtaining the yield of 4  t ha-1 (Table 6).
The  highest  yields  were  noted  for  the  following
varieties:  Omsky 85 (the  increase,  compared to  the
standard, on the moderate background was 0.73 t ha-

1, or 14 % and on the elevated background — 0.49  t
ha-1, or 9 %), Payjazz (0.36 t ha-1, or 7 % and 0.27 t ha-1,
or 5 % respectively) and Beatrice (0.50 t ha-1, or 10 %
and  0.35  t  ha-1,  or  6  %,  respectively).  The  highest
responsiveness to the elevated background was noted
in  the  Acha  (the  yield  increase  of  0.44  t  ha-1)  and
Payjazz (+0.35 t ha-1) varieties.

An important  feature  of  brewing  barley  is  the
grain size. It is believed that the grain with the weight
of 1000 grains of at least 42 gm is the best quality raw
material for malt production (34).

The studied varieties on the moderate fertilizer
background  formed  a  fairly  high  value  of  the
parameter:  Acha — 48.5 gm, Omsky 85 — 45.4 gm,
Payjazz — 45.8 gm, Baltika — 40.4 gm, Zhana — 48.2
gm and Beatrice — 50.5 gm. For the Baltika variety,
this value reached the required level on the elevated
fertilizer  background — 42.0 gm.  On the whole for
the  varieties,  the  effect  of  the  elevated  fertilizer
background  manifested  itself  in  increasing  the
weight of 1000 grains by 1.3 – 2.2 gm.

The content of protein in the grains of brewing
barley is considered optimal at a level of 9 – 12 %.
The barley varieties with the protein content of less
than  9  %  do  not  provide  the  necessary  level  of
protein substances for yeast nutrition, forming stable
foam and creating the beer taste, while the grain with
higher  protein  content  (above  12  %)  heats  greater
upon malting and yields less stable and not always
transparent beer (39). 

The protein content in the grains of the studied
barley  varieties,  on  both  the  moderate  and  the
elevated fertilizer backgrounds was virtually within
the  established  requirements.  On  the  moderate
background, the amount of protein in the grain of the
varieties was 8.6 – 9.9 %. The elevated background
increased the protein content in the varieties by 0.8 –
2.7 %. In this background, the protein content in the
grain  of  the  Acha  variety  reached  12.3  %,  of  the
Omsky 85 variety — 10.3 %, of the Payjazz variety —
9.8 %, of the Baltika variety — 9.9 %, of the Zhana
variety — 10.2 % and of the Beatrice variety — 11.6
%. 

Discussion

The  productivity  of  the  barley  varieties  in  the
experiment  where  the  seed  treaters  and  growth
regulators  were  used  for  presowing  treatment  has
been within the calculated range of 4 t ha-1 and more.
For the Acha variety, the yield has been the greatest
when  the  Lamador  Pro  seed  treater  was  used  in
combination with the Rostok growth regulator.  The
yield has reached 4.50 t ha-1 (+0.37 t ha-1, compared to
the  reference).  The  Abalak  variety  has  shown
responsiveness to the seed treatment with the Mival-
Agro  growth  regulator  as  well  as  to  the  combined
seed  treatment  with  the  seed  treater  and  growth
regulators.  In these variants,  the  yield  has  reached
4.42 – 4.60 t ha-1 (+0.36 – 0.45 t ha-1, compared to the
reference).  The  highest  protein  yield  in  the  Acha
variety  has  been  obtained  in  the  variant  with  the
combined seed exposure to the seed treater and the
Rostok growth regulator (612 kg ha-1). For the Abalak
variety, the same variant as well as the variant where
the  seeds  were  exposed  to  the  Mival-Agro  seed
treater provided the best results (646 kg ha-1 and 644
kg ha-1 respectively). The data obtained supplemented
the  information  of  scientists  (14,  16)  on  the
effectiveness  of  presowing  seed  treatment.  At  the
same time,  the  responsiveness  of  seeds  of  the  new
Abalak variety to treatment with fungicide combined
with growth regulators has been established.

In the experiment with the use of micronutrient
fertilizers for the Acha variety, the variant with the
seeds treated with the Hydromix complex (4.55 t ha-1)
and  the  one  with  the  seeds  treated  with  the
Hydromix  complex  and  the  Master  micronutrient
fertilizer in the phase of stem elongation (4.52 t ha-1)
have  been  the  best.  For  the  Abalak  variety,  the
highest yield of 4.72 t ha-1 (+ 0.44 t ha-1, compared to
the reference) has been obtained in the variant with
the seeds treated with the Hydromix complex and the
Master micronutrient fertilizer in the phase of stem
elongation.  The  protein  content  in  the  grains  of
barley has increased in the variants with the grains
treated with micronutrient  fertilizers.  For the  Acha
variety, the increase has amounted to 0.9 – 1.3 % and
for the Abalak variety — to 0.6 – 0.9 %. In the zone of
the northern forest-steppe of the Tyumen region, the
use of microfertilizers was studied on spring wheat
(30).  Sufficiently  high  responsiveness  of  barley
varieties to the use of micronutrient fertilizers both
for  presowing  seed  treatment  and  for  spraying  of
vegetative plants has been shown.

In studying  the  varieties  of  brewing  barley  on
various  mineral  nutrition backgrounds,  it  has  been
found  that  the  most  responsive  to  the  elevated
fertilizer  background  were  the  Acha  (the  yield
increased  by  0.44  t  ha-1)  and  Payjazz  (the  yield
increased  by  0.35  t  ha-1)  varieties.  The  studied
varieties feature a rather high weight of 1000 grains
(42.0 – 51.2 gm), which characterizes them as the top-
quality raw material for malt production. The effect
of the elevated fertilizer background has manifested
itself in increasing the weight of 1000 grains by 1.3 –
2.2  gm.  The  protein  content  in  the  grain  of  the
studied  barley  varieties,  on both the  moderate  and
the  elevated  fertilizer  backgrounds,  has  been
virtually  within  the  established  requirements.  The

Table 6.  The effect of the mineral nutrition backgrounds on the
productivity of the brewing barley varieties, 2014 – 2016

Variety Moderate background Elevated background
t ha-1 %  to  the

standard
t ha-1 %  to  the

standard
Acha,
standard

5.05 5.49

Omsky 85 5.78 114 5.98 109

Payjazz 5.41 107 5.76 105
Baltika 4.51 93 4.44 81

Zhana 4.89 97 4.78 87
Beatrice 5.55 110 5.84 106

LSD05  for the
varieties

0.31

LSD05  for the
backgrounds

0.24
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elevated  background  has  increased  the  protein
content  in  the  varieties  by  0.8  –  2.7  %.  On  this
background, the protein content in the grain of the
Acha variety  has  reached 12.3  %,  of  the  Omsky 85
variety — 10.3 %, of the Payjazz variety — 9.8 %, of
the Baltika variety — 9.9 %, of the Zhana variety —
10.2 %, and of the Beatrice variety — 11.6 %. Thus, in
addition  to  the  available  data  on the  possibility  of
obtaining  barley  grain  that  meets  the  brewing
standards   (32),  the  possibilities  of  obtaining  high
yield  and  high  quality  of  grain  from  the  studied
varieties  in  the  conditions  of  the  northern  forest-
steppe of the Tyumen region has been demonstated. 

Conclusion

In the experiment studying the variants of presowing
seed treatment  with  the  Lamador  Pro  fungicide  and
Rostok and Mival-Agro growth regulators, in terms of
the complex indicator – the collection of protein from a
unit area – the Lamador Pro + Rostok variant stood out:
for the Acha variety, this indicator was 612 kg/ha, for
the  Abalak  variety  -  646  kg/ha.  When  studying  the
variants  of  treating  the  seeds  and  plants  with
micronutrient  fertilizers,  the  best  indicators  were
obtained  in  the  variant  with  the  use  of  Hydromix
complex: for the Acha variety, the yield was 4.55 t/ha,
for the Abalak variety - 4.62 t/ha, the protein content in
the  grain  was  13.1  and  13.3%,  respectively.  Five
varieties of brewing barley were studied on different
backgrounds of  mineral  fertilizers;  in  terms of  yield,
Omsky 85, Payjazz and Beatrice varieties surpassed the
Acha standard by 0.36-0.73 t/ha or 7-14%. The protein
content in grain of these varieties met the requirements
for brewing barley (no more than 12%). The obtained
research results are recommended for implementation
at the enterprises of the agro-industrial complex of the
Tyumen region.
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