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Abstract.

Field experiments were conducted during 2023-2025 at “Agroviva” LLC (Zhytomyr region,
Ukraine) to evaluate the effects of mineral fertilization intensity and foliar micronutrient
application on the productivity and grain quality of spring barley (Hordeum vulgare L., cv.
Belkano) grown on sod-podzolic sandy loam soil. Spring barley productivity showed a strong
dependence on soil nutrient supply. Mineral fertilization at rates of N46P24K24 and N69P36K36
increased yields by 53.1% and 74.4%, respectively, compared with the unfertilized control
(2.77 £t ha™'). Foliar feeding with the chelated complex Nais Zernovi provided an additional
6-9% yield gain, resulting in a maximum yield of 5.26 t ha™ ' (+90% vs. control). Mineral
fertilization explained 80% of yield variability, confirming its dominant role. Enhanced
nutrient supply improved plant height (+2-4%), ear length (+24-32%), kernel number (+14-
15%), and 1000-grain weight (+11.7%), indicating better nutrient assimilation and assimilate
redistribution. Grain quality also improved under balanced nutrition: protein content
increased by 3-4%, and grain nature (density) by about 4% (+24 g L°'), with foliar
micronutrients contributing an additional +5-7 g L™ '. The combined application of macro-
and micronutrients (N69P36K36 + Nais Zernovi) proved the most effective strategy for
maximizing yield stability and grain quality of spring barley under light-textured soils.
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One of the major challenges of modern crop production is
improving resource use efficiency while maintaining stable
yields and high product quality. Among cereal crops, spring
barley occupies a key position as a universal and highly
adaptive species combining high feed, food, and export value.
Barley grain contains up to 15% protein, 2-3% fat, and a
substantial amount of carbohydrates, vitamins, and minerals
(Fe, K, Ca, P, Mg), which underlies its importance for
livestock feeding and malting industries [1, 2, 3]. Spring
barley is an important export and versatile crop in Ukraine.
Its grain 1s used for food (cereals, Dbrewing) and fodder
purposes, as it is a highly nutritious feed (1 kg contains
1.2 feed units and 100 g of protein), rich in proteins (9-
12%), fats (1.6-2.0%), carbohydrates (70-75%) and ash
elements (2.0-3.0%) [2, 3, 4]. The crop 1s widespread
throughout Ukraine due to its ability to adapt to all soil
and climatic zones, as well as the high potential of modern
varieties (5 t/ha and above). The integration of intensive
technologies and high-quality seed material provides farmers
with the opportunity to obtain high and stable yields every
year. However, spring barley has not received sufficient
attention for a long time. It is often placed in crop rotation
after worse predecessors than wheat and corn, and fertilizers
for this crop are applied in limited guantities, which does
not allow the yield potential of this crop to be fully
realized [5, 6, 7]. Therefore, a pressing issue at the moment
is to study the impact of the systematic use of mineral
fertilizers on the productivity and protein content of spring
barley grain.

Despite its wide cultivation, the average yield of barley
in Ukraine remains considerably lower than that in Western
Europe [2, 5]. This yield gap is largely due to insufficient
mineral nutrition and the lack of attention to balanced macro-
and micronutrient supply. The systematic use of fertilizers
adapted to soil characteristics is a key factor for improving
crop productivity under changing climatic conditions.

The Dbalance between macronutrients (N, P, K) and
micronutrients (Zn, Mn, Cu, Fe, B, Mo) plays a decisive role
in shaping the productive potential of spring barley.
Macronutrients support plant growth and biomass accumulation,
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while micronutrients regulate physiological and biochemical
processes, activate enzyme systems, and enhance stress
tolerance [8, 9]. Chelated micronutrient fertilizers are
particularly effective, as they maintain high bicavailability
even on acidic and light-textured soils.

The combined application of basal fertilization and
foliar feeding helps optimize nutrient availability
throughout crop ontogenesis. Studies have shown that timely
foliar feeding increases photosynthetic activity, grain
formation rate, and overall grain quality, especially under
moisture deficit conditions [10].

Compared to single-component fertilizers, the use of
complex mineral fertilizers allows the entire necessary set
of nutrients to be applied in a single pass, making it
possible to reduce the time required for fertilizer
application, lower <costs and reduce uneven distribution
across the field, which has a positive effect on crop yield
and quality. The inclusion of complex fertilizers with a
balanced <content of macro- and microelements, highly
effective microfertilizers and growth regulators in the
fertilization system allows optimizing plant nutrition,
reducing the impact of unfavourable growing conditions and
obtaining more stable crop yields. Weather conditions during
the growing season significantly affect barley yield. Studies
conducted in the forest-steppe zone on typical low-humus
chernozem showed that in years with sufficient moisture, the
natural fertility of the soil ensured a spring barley yield
of 3.0-3.5 t/ha. In a dry year, this figure dropped to a
minimum of 2.2 t/ha. At the same time, the application of
mineral fertilizers at a rate of Nss5PssK3p made it possible to
increase the yield to 4.2-4.4 t/ha, offsetting the negative
impact of weather conditions [10, 11, 12].

Foliar feeding is an effective tool for reducing the
impact of stressful weather conditions. Foliar feeding with
complex fertilizers (containing nutrients and growth
regulators) at the appropriate stages of development has a
positive effect on the overall productivity of the crop.
Research conducted in the Western Forest-Steppe region at the
Lviv National Agrarian University proves that foliar feeding
with micronutrients effectively supplements the basic mineral
nutrition of spring barley on dark grey podzolic soil [7,
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13]. In particular, against the background of N3oP30K30
fertilizer application, foliar feeding increased the yield of
spring barley to 3.85 t/ha, which is 0.31 t/ha higher than
the result of the variant with mineral fertilizers only. When
applying a higher rate of mineral fertilizers (Nss5P4sKss), the
effectiveness of fertilization was also noticeable: the yield
reached 4.30 t/ha, providing an increase of 0.24 t/ha compared
to the corresponding background without micronutrients [15,
le6, 17].

Given the high sensitivity of Dbarley to nutrient
deficiencies on sod-podzolic sandy loam soils, it is necessary
to scientifically substantiate appropriate fertilization
rates and evaluate the efficiency of multicomponent foliar
fertilizers.

The aim of this study was to determine the effect of
various NPK application rates and foliar feeding with the
multicomponent chelated fertilizer Nice Zernovi on the
productivity and grain quality of spring barley grown on sod-
podzolic sandy loam soil.

Materials and Methods

The research was conducted at Agroviva LLC in the Zhytomyr
district of the Zhytomyr region on sod-podzolic sandy loam
solils on moraine. The object of research was spring barley
plants Belcanto, sod-podzolic sandy loam soils. The subject
of the research was macrofertilizers (applied during pre-
sowing cultivation) and the multi-component fertilizer Nais
Zernovi (foliar feeding).

The soil type was sod-podzolic sandy loam with the
following properties in the topsoil (0-20 cm): humus content
ranged from 1.22 to 1.30%, exchangeable soil acidity pH (KC1)
= 5.4-5.6, the content of hydrolysed nitrogen (Cornfield
method) was 65.2-72.1 mg/kg of soil, available phosphorus P20s
(Kirsanov method) - 116-123 mg/kg, exchangeable potassium K0
(Kirsanov method) - 148-169 mg/kg of soil. Experimental
design: Factor A - basal fertilization rate (NPK, kg ha™ of
active ingredient):

A1 — control (no fertilizer);

Az — N23P12Ki2;

A3z — NaeP24Ko4;

As — NeoP3sKse.
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Factor B - foliar micronutrient application:

B1 — without foliar treatment;

B, — foliar feeding with Nice Zernovi (1.5 L ha™ !, at stem
elongation stage).

The total area of the plot is 0.3 hectares, with an
accounting area of 0.25 hectares. The sowing rate is 5.5
million/hectare of similar seeds. The experiments used
polyphosphate (N - 8 % P20s — 24%, KO — 24%, S - 9%), ammonium
nitrate (N - 34%).

Foliar feeding of barley plants in the tillering phase -
the beginning of stem elongation was carried out with the
chelated microfertilizer Nais Zernovi from ALFA Smart Agro.

The microfertilizer Nais Zernovi contains, %: (N - 10%, MgO
- 3.5%, Na0 - 0.33%, SOz — 8%, B - 0.07%, Cu -1%, Fe - 0.3%,
Mn - 1%, Mo - 0.002%, Zn - 0.75%).

The predecessor of spring barley 1is potatoes. The

technology for growing spring barley is generally accepted in
the region. The research was carried out in accordance with
generally accepted crop accounting methods. Phenological
observations followed standard methods. The data were
processed using analysis of wvariance (ANOVA) 1in Statistica
10.0. The significance of differences was evaluated using the
least significant difference (LSDo.os) -« Correlation and
regression analyses were performed to assess the relationship
between fertilizer rates and yield components.

Results and Discussion

Barley 1is distinguished by its poorly developed root
system and increased demand for soil fertility compared to
other field crops. Therefore, to obtain high and stable
yields, it 1is critically important to provide plants with
sufficient amounts of available nutrients, 1in particular
nitrogen, phosphorus, and potassium [18, 19, 20].

According to various scientists, the peak demand for
mineral nutrition in barley occurs during the key vegetation
period - from tillering to heading, which lasts about 26-28
days. During this time, there is intensive consumption of
nutrients: plants absorb most of the necessary nitrogen (42-
46%), phosphorus (61-64%) and potassium (64-74%). After the
heading phase begins, the absorption of phosphorus and
potassium decreases significantly [10, 21]. Therefore, it is
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essential to provide plants with phosphorus in the early
stages of growth. A lack of phosphorus at the start of
vegetation negatively affects the formation of the root system
and tillering processes, which directly causes a significant
reduction in future yields [10].

The results of the study demonstrate a significant impact
of mineral fertilizers on the yield of spring barley (Table
1). In the control variant, the average crop yield over three
years was 2.77 t/ha. When applying a complex fertilizer
polyphosphate at a rate of 1 cwt/ha during pre-sowing
cultivation and ammonium nitrate at a dose of 100 kg/ha during
the tillering phase, the average yield of spring barley was
4.24 t/ha, which 1s 1.47 t/ha or 53.1% higher than the
control. Increasing the NPK rate to Ne¢sP3eK3s led to a further
increase in yield to 4.83 t/ha. The increase was 2.06 t/ha
(74.4%) .

Table 1
Barley yield over the years of research

Increase due
Increase due to factor B
Fertll%zatlon vield, t/ha to factor A (foliar
option (mineral . .
. ) micronutrient
fertilization) \ ,
application)
Factor A | Factor B | 2023 | 2024 | 2025 | Average t/ha % t/ha %
- 2.56 2.97 | 2.79 2.717 - - - -
NoPoKo Nais |, gg | 3.12 | 3.08 | 3.03 - - 0.26 | 9.39
Zernovil
- 3.57 4.64 4.52 4.24 1.47 53.07 - -
NasP2eKos Nais | 3 95 | 4.95 | 4.86 | 4.53 - - 0.29 | 6.84
Zernovi
- 4.12 5.26 | 5.11 4.83 2.06 74.37 - -
NeoP36K36 Nais | 4 61 | 5.73 | 5.44 | 5.26 - - 0.43 | 8.90
Zernovi
LSDg.os 0.43 0.31 0.25

Foliar feeding with the complex water-soluble fertilizer
Nais Zernovi also had a statistically significant positive
effect on increasing the yield of spring barley. In the
variant without fertilizers, foliar feeding with the
microfertilizer Nais Zernovi increased the average yield by
0.26 t/ha or 9.4%. The highest absolute yield increases were
achieved with a combination of mineral fertilizers and Nice
Zernovi in variant A, (NgoP3¢Kss + Nice Zernovi) - 0.43 t/ha or

This work is distributed under the terms of the Creative
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8.9%. This variant increased the crop yield to 5.26 t/ha,
which is the highest yield among all variants. When foliar
feeding with liquid complex fertilizer against the background
of NgeP24Kz24, the increase was 0.29 t/ha or 6.8%.

It should be noted that the mineral fertilization system
(Factor A) had the most significant impact on crop yield,
accounting for 80% of the total impact (Fig. 1). Weather
conditions during the growing season accounted for 14% of the
impact on spring barley productivity. During the research
period on sod-podzolic soil, the share of the impact of foliar
feeding with the Nice Grain product was 3%.

Liquid
Fertilisation complex
system fertilisers
80% Weather 3%
conditions Dther factors
14% 3%

Figure 1
Influence of experimental factors on the productivity of spring barley

Increasing the productivity of spring barley largely
depends on the effective use of the adaptive potential of
varieties, taking into account growing conditions (soil
quality, fertilization). In this regard, it is crucial to
improve the mineral nutrition management system for barley
varieties. The optimal solution 1is to individually select
doses and combinations of fertilizers for areas with different
fertility levels.

The increase 1in vyield as a result of improving the
nutrient regime is due to an increase in some productivity
elements (Table 2).
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Table 2
Structural analysis of the Belcanto barley harvest, average for 2023-
2025
Fertilization option Plant Length of Number of Welghtlof
. grains per 1000 grains,
Factor A Factor B height, cm ear, cm
ear g
- 45,6 7,2 23,3 49,4
NoPoK i
oFoRo Nais 46,2 7,6 24,1 50,1
Zernovi
- 47,8 8,1 25,7 52,6
NysP24K i
sebzaliag Nais 49,6 8,8 26,4 54,9
Zernovi
- 48,7 8,9 26,1 54,7
NeoFsekss Nais 50,1 9,5 26,7 55, 2
Zernovi

A comparative assessment of the morphometric parameters
of spring barley demonstrates a consistent positive response
to 1increasing mineral fertilization (NPK) and additional
foliar application of Nais Zernovi. In the control (NoPoKo),
the plant height reached 45.6 cm, while with Nais Zernovi -
46.2 cm (+0.6 cm or +1.3%). Under NseP24K24, the plants were
47.8 cm high, and 49.6 cm with Nais Zernovi (+1.8 cm or
+3.8%) . At the highest fertilizer level Ne9P36K3e, the height
increased from 48.7 cm to 50.1 cm (+1.4 cm or +2.9%).
Therefore, combined macro- and micronutrient application
enhanced vegetative growth by 2-4% compared to base
treatments.

Ear length increased from 7.2 cm (control) to 9.5 cm
(Ne9P3sK3s + Nais Zernovi), indicating a steady intensification
of generative development with fertilization 1level. The
increases in ear length according to factor A (application of
Ns6P24Kos and Ng9P3sK3zs) were 12.5 and 23.6%, respectively. The
use of foliar fertilization resulted in increases 1in ear
length of 5.6-8.6%. The total deviation from the control
averaged +32%, confirming a synergistic effect between macro-
and micronutrients.

The number of grains rose from 23.3 to 26.7 (+14.6%). The
foliar application of Nais Zernovi improved pollination and
kernel set, suggesting stimulation of reproductive
physiological activity.

The most substantial difference was observed in grain
mass - from 49.4 g (control) to 55.2 g with the highest

This work is distributed under the terms of the Creative
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fertilization (+11.7%). At the same time, the increase in the
weight of 1000 grains from the application of NgeP24Kz4 and
NeoP3sK3s was 6.5 and 10.7%, respectively. The use of foliar
feeding resulted in a significant increase in the indicator
only on the agricultural background with the application of
N4sP24Ko4, while for other fertilization options, the
difference was not significant. This indicates improved
photosynthetic efficiency and more complete grain filling
under balanced nutrition.

Therefore, all vyield-forming traits of spring barley
improved with Dbalanced macro- and micronutrient supply,
reflecting enhanced nutrient use efficiency. The treatment
NeoP3sK3s + Nais Zernovi demonstrated the highest productivity
potential due to the synergistic action of macro- and
microelements on plant growth and grain formation.

The study also recorded improvements in grain quality
indicators, in particular protein content and grain fullness,
depending on the level of mineral nutrition and the use of
the Nais Zernovi foliar micronutrient (Table 3).

Table 3
Quality indicators for Belkano spring barley, average for 2023-2025
Fertilization option Protein content, .
R Grain nature, g/1
Factor A Factor B s

NoPoKo * 11,2 638
Nais Zernovi 11,4 644
NacPraKas - 11,6 653
Nais Zernovi 12,1 659
NeoPseKae - 11,9 657
Nais Zernovi 12,3 662

In the control treatment (NoPoKo), protein content was
11.2%, 1increasing slightly to 11.4% (+0.2 percentage points
or +1.8%) with Nais Zernovi. Under NseP24K24, protein reached
11.6%, and 12.1% with Nais Zernovi (+0.5 p.p. or +4.3%). At
the highest fertilization rate Ne9P36K3s, protein rose from
11.9% to 12.3% (+0.4 p.p. or +3.4%). Therefore, increasing
nutrient levels combined with micronutrient foliar feeding
resulted in a moderate but consistent rise in grain protein,
averaging 3-4% over the Dbase treatments. This indicates
enhanced nitrogen assimilation efficiency during the grain-
filling stage.

This work is distributed under the terms of the Creative
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Grain nature increased from 638 g/L (control) to 662 g/L
(Ng9P3sKss + Nails Zernovi), a total improvement of 24 g/L or
+3.8%. That 1is, there is a tendency towards improvement in
the indicator. The application of ©Nais Zernovi at each
fertilization level contributed an additional +5-7 g/L
increase compared with untreated wvariants. This improvement
reflects better grain filling and density, attributed to
optimised photosynthetic activity and balanced mineral supply
during ear formation and grain filling.

Therefore, the combined effect of macro- and
micronutrient fertilization enhanced not only the yield
structure but also the technological quality of barley grain.

The treatment Ne9P3sKze + Nais Zernovi achieved the highest
protein content and grain nature, confirming the synergistic

efficiency of complex nutrition in improving both
productivity and quality attributes.
Conclusions.

1. The average vyield of Belkano spring barley under
control conditions (NoPoKo) was 2.77 t/ha, confirming the
crop’s strong dependence on soil nutrient availability.
Application of mineral fertilizers at NusP24Kos and NgoP36Kse
increased yield by 53.1 $ and 74.4 % compared with the
unfertilized control, respectively, demonstrating a near-
linear response of productivity to balanced NPK input.

2. Foliar feeding with the micronutrient complex Nais

jo)

Zernovi provided an additional yield increase of 6.8-8.9 %
against fertilized backgrounds, and 9.4 % when applied alone,
confirming its efficiency in enhancing nutrient use and grain
formation.

3. The combined treatment Neg9P3sK3s + Nais Zernovi ensured
the highest productivity (5.26 t/ha), exceeding the control
by 2.49 t/ha (» 4+90 %) and the corresponding variant without
foliar feeding by 8.9 %.

4. Variance analysis showed that mineral fertilization
(Factor A) accounted for 80 % of the total yield variability,
while weather conditions explained 14 %, and foliar feeding
(Factor B) - only 3 %, confirming the dominant role of basic
soil fertilization.

5. Morphometric traits of barley improved consistently

with fertilization: plant height increased by 2-4 %, and ear
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length by 24-32 %. These changes corresponded to higher kernel
numbers per spike (+14-15 %) and greater 1000-grain weight
(+11.7 %), reflecting improved nutrient assimilation and
assimilate translocation. The synergistic interaction of
macro- and micronutrient nutrition enhanced reproductive
development, increasing ear productivity and stabilizing
yield structure across 2023-2025 years.

6. Protein content of barley grain rose by 3-4 % under
fertilization and foliar feeding, indicating improved
nitrogen assimilation efficiency during the grain-filling
stage. Grain nature (density) improved by approximately 4 %
(+24 g L7'), with foliar micronutrients contributing an
additional +5-7 g L™!' across all NPK levels. This demonstrates
a positive influence of balanced nutrition on grain filling
and technological quality.

7. Overall, the combination of NgoP3sKs3s fertilization with
Nais Zernovi foliar feeding proved to be the most effective
for maximizing both yield and grain quality of Belkano spring
barley under sod-podzolic soil conditions.
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