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MONITORING OF ORGANIC SUBSTANCES IN ARABLE SOILS OF NORTHERN
KAZAKHSTAN

Abstract

Soil fertility in Kazakhstan's main grain-growing regions is essential for successful agriculture,
and its preservation is a top priority for farmers. Chernozem soils are prevalent in the northernmost
part of the country, covering the entire North Kazakhstan region, most of the Kostanay region, and
the northern regions of the Akmola region. All chernozem soils are fertile, but they are classified as
low-moisture (less than 40 cm) with a content of organic matter of 6-8 % in the first two, and 4-6 %
in the southern chernozems. The paper presents the results of research on the content of organic matter
(humus) in the arable soil of the North Kazakhstan, Kostanay, and Akmol regions during the
cultivation of field crops. The object of the study was the arable soil of agricultural formations. The
method of determining the percentage of humus content is based on the oxidation of organic matter
with a solution of potassium dichromate in sulfuric acid. On average, the humus content in the North
Kazakhstan region was 4,6-5,5 %, in the Kostanay region it was 3,3-4,8 %, and in the Akmola region
it was 3,2-4,5 %. In the current conditions of agricultural production, the humus balance in the
region's arable soils remains negative, indicating a decrease in fertility and the need to replenish it
through the application of organic fertilizers and the use of resource-saving agricultural practices for
cultivating crops. This requires constant monitoring of the balance values for this indicator.
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DEVELOPMENT AND IMPLEMENTATION OF INNOVATIVE AGRICULTURAL
TECHNOLOGIES FOR CULTIVATION OF MELTING BARLEY TAKING INTO
ACCOUNT THE SPECIFICITY OF SOIL AND CLIMATIC CONDITIONS OF ALMATY
REGION TO INCREASE PRODUCTIVITY AND QUALITY OF RAW MATERIALS

Abstract
The increasing need to enhance the efficiency of brewing barley cultivation, a key crop for
brewing and food industries, is critical amid climate change, unstable moisture, and soil resource
depletion. This study scientifically evaluates optimal agronomic practices—specifically sowing dates
and seeding rates—tailored to the soil and climatic conditions of the Balkhash district, Almaty region.
Multi-year research on the brewing barley variety "Arna" assessed the impact of sowing timing and
seeding density on plant growth, phenology, productivity, and grain quality. Results showed that early
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sowing with a seeding rate of 5.0 million viable seeds per hectare fosters strong seedling
establishment, optimal development, and high yields reaching 30.1 centners per hectare. Increasing
seeding rates from 2 to 6 million seeds per hectare raised productive stem counts from 300 to 460 per
m?2 but reduced productive tillering, indicating plant compensatory responses.Correlation analysis
revealed a strong positive relationship between grain number per spike and spike productivity (r =
0.977) and a negative correlation between productive tillering and seeding rate (r = —0.847). Grain
quality at the optimal seeding rate (5.0 million seeds/ha) was characterized by high test weight (up to
654 g/l), grain size (up to 85%), germination rate (up to 95%), husk content (~9.5%), protein
(~11.6%), starch (up to 61.3%), and extractivity (up to 76.1%). Although increasing seeding rate to
6.0 million seeds/ha improved yield and thousand-kernel weight, it lowered protein content.These
findings underscore the importance of a comprehensive, locally adapted approach to sowing dates
and seeding rates to maximize yield and grain quality of "Arna" brewing barley. The recommended
agronomic practices produce grain meeting GOST 5060-86 standards, supporting regional brewing
industry development. The results provide valuable guidance for optimizing brewing barley
cultivation technologies under regional conditions.

Key words: malting barley, Arna variety, sowing dates, seeding rate, grain yield and quality,
phenology, productive tillering.

Introduction

Brewing barley is a vital agricultural crop used in beer production, where the quality of raw
materials directly affects both the technological processes and the final product. In the current context
of increasing demands for grain quality and production stability, the development and implementation
of innovative agronomic technologies tailored to the specific soil and climatic conditions of individual
regions have become essential. The Almaty region, characterized by a moderately continental climate
with variable moisture levels and diverse soil types, imposes particular challenges on the selection of
barley varieties and cultivation practices for brewing purposes.

In the Almaty region, it has been determined that the most suitable predecessors for cultivating
brewing barley are row crops such as sugar beet, maize, potatoes, and fodder root crops, as well as
winter cereals grown on fertilized fallow land. These crops are typically cultivated on well-prepared
and fertilized soils, which helps reduce field weed infestation. The undersowing of perennial
leguminous grasses before brewing barley is not recommended, since the presence of clover has been
shown to increase the protein content in barley grain by 1-1.2% while decreasing starch content by
2-5%. When selecting the position of barley in crop rotation, it is important to recognize that having
an appropriate predecessor alone does not guarantee a high yield of grain with the desired quality.
Both yield and grain quality largely depend on the soil tillage system, including soil structure, bulk
density, mechanical composition, phytosanitary condition, and the choice of predecessor. These
factors justify the need for a differentiated approach to soil cultivation [1-4].

The primary soil cultivation system includes post-harvest stubble cultivation, plowing, or
alternative methods of autumn tillage. When barley is grown after row crops, autumn plowing is
performed immediately following their harvest. On fields with light to medium loamy soils, free of
weeds and following crops such as potatoes, maize, and sugar beet, deep loosening can effectively
replace autumn plowing.For barley cultivation after winter wheat, three soil treatment options are
possible: first, removal of straw followed by stubble cultivation to a depth of 5-8 cm, treatment of
root-sprouting weeds with moldboard harrows at 8-12 cm depth, and moldboard plowing with a
subsoiler to 20—22 cm; second, chopping and incorporating straw using heavy disc harrows followed
by plowing to the same depth; third, sowing post-harvest cover crops (such as white mustard, oilseed
radish, winter rye, spring rapeseed, etc.) for green fodder and green manure, with autumn plowing
after their removal. Incorporating straw into the soil increases organic matter content by 4-6 tons per
hectare, which positively affects barley yield [5-9].

For sowing, regionally adapted or promising barley varieties with high yield potential, lodging
resistance, and brewing-quality grain, suited to local soil and climatic conditions, are used. Among
these, the two-row spring barley variety "Arna,” belonging to the nutans type and bred for brewing
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purposes, stands out. This variety is notable for its resistance to early spring frosts and drought
tolerance, moderate susceptibility to common bunt, and low susceptibility to loose smut. It has been
included in the State Register since 1997 [10-11].

Developed by individual selection from a hybrid population between K-26180 (Sweden) and
Kharkovskaya 73 (Ukraine), "Arna™ is an early-maturing variety with a growing period of 75-85
days, plant height of 78-87 cm, and productive tillering of 2.6-3.7 shoots per plant. Its high resistance
to lodging, shattering, and pre-harvest sprouting ensures yield stability. The number of grains per
spike ranges from 24 to 30, with an erect plant habit, narrow and long leaves without drooping, and
a parallel-shaped spike of medium density with yellow coloration. The thousand-kernel weight
reaches 50 g, test weight is 704.7 g/l, protein content does not exceed 12%, starch content ranges
from 60 to 63%, and extractives amount to 76-81%. The average yield of the variety during three
years of competitive trials was 63.1 centners per hectare [12-14].

The adoption of modern biotechnologies, including foliar treatments and the application of bio-
organic fertilizers, shows promising potential for enhancing the productivity and resilience of barley
in the Almaty region. Therefore, the scientific justification and practical implementation of innovative
agronomic technologies that consider the region’s specific soil and climatic conditions represent a
crucial approach to ensuring the stable production of high-quality brewing barley in this area [15, 16].

The objective of this study is to scientifically determine the optimal sowing dates and seeding
rates for the spring barley variety "Arna," intended for brewing purposes, under the natural and
climatic conditions of the Balkhash district in the Almaty region. The research aims to identify the
most effective agronomic parameters that ensure maximum productivity and high grain quality,
tailored to the specific soil and hydrothermal conditions of the region.

Materials and Methods

Field experiments were conducted from 2021 to 2023 at the experimental site of LLP "AGRO-
FIRMA OTES-A," located in the Bakanas settlement district of the Balkhash region, Almaty oblast.
The study focused on the two-row spring barley variety "Arna,” which is included in Kazakhstan’s
list of valuable brewing barley varieties and recommended for cultivation in the Almaty region.

Agrometeorological conditions during the experimental years were relatively favorable in 2021,
whereas in 2022 and 2023, plant growth and development occurred under comparatively dry
conditions, especially during the latter half of the growing season.

Experimental Design

Experiment 1. Effect of Sowing Dates on Yield and Grain Quality:

1. First sowing date — at the onset of soil physical maturity.

2. Second sowing date — 5 days after the first (control).

3. Third sowing date — 10 days after the first.

4. Fourth sowing date — 15 days after the first.

Experiment 2. Effect of Seeding Rates on Yield and Grain Quality:

1. Seeding rate of 4.0 million viable seeds per hectare.

2. Seeding rate of 4.5 million viable seeds per hectare (control).

3. Seeding rate of 5.0 million viable seeds per hectare.

4. Seeding rate of 5.5 million viable seeds per hectare.

5. Seeding rate of 6.0 million viable seeds per hectare.

Treatments were arranged in a sequential layout. The plot size for each variant was 50 m2. The
experiments were conducted in four replications. Sowing was performed using an SN-16 seed drill,
and harvesting was carried out with a Sampo-500 grain combine harvester.

Results and discussion

During the conducted research, soil preparation before sowing involved a comprehensive set of
agronomic practices, including stubble cultivation, deep autumn plowing, snow retention, harrowing,
and cultivation. The composition and sequence of these preparatory operations varied depending on
the soil’s physico-chemical properties, climatic conditions, preceding crops, and other agroecological
factors. Brewing barley is classified as an early-maturing cereal, which necessitates early sowing.
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Delays in sowing dates resulted in a yield reduction ranging from 10% to 40%, whereas early sowing
promoted the development of strong seedlings and larger grain size.

Sowing operations adhered to established standards, with an average seeding rate of
approximately 5 million viable seeds per hectare, taking into account the varietal characteristics of
"Arna" and specific agronomic conditions. Seed placement depth varied according to soil type: 6 cm
on sandy loam soils and 3—4 cm on moist and clayey soils. The choice of sowing method depended
on the seeding rate: for rates exceeding 5 million seeds per hectare, a narrow-row method with 7.5
cm spacing between rows was used; for lower rates, a regular row method with 15 cm spacing was
applied. Heading began on the 41st day after emergence, with full development of anthers and pistils
with stigmas. Flowering, a critical developmental phase, started roughly three days after heading and
was marked by the cessation of growth in vegetative organs and the root system. Moderate
temperatures are essential for successful completion of the tillering phase. In the study years, elevated
temperatures during tillering were recorded in 2021 for the fourth sowing date (+20.0 °C) and in 2023
for the third sowing date (+23.1 °C), while average temperatures for other sowing dates ranged
between 16-17 °C. Sowing conducted in the second and third decades of May under higher
temperatures showed a significant shortening of the period from emergence to heading. For early
sowing dates, this period was longer, lasting 23-32 days. During the jointing phase, reproductive
organs were formed, and plants became especially sensitive to moisture deficits and light conditions.

Overall, during the period from sowing to full maturity, early sowings accumulated an average
temperature sum of 1559.4 °C with an average temperature of 17.9 °C; second sowings (7 days later)
accumulated 1613.4 °C at 19.4 °C; and late sowings (24 days later) accumulated 1594.7 °C at 20.2
°C. The optimal temperature values (1461.9 °C and 17.4 °C) were closest to those observed for early
sowing dates. The study also revealed that delaying sowing by 7 and 14 days corresponded with
increases in average and maximum air temperatures during the sowing-to-emergence period by 1.5—
2.5 °C and 2.5-3.2 °C, respectively. This trend persisted through subsequent developmental phases:
emergence to tillering, tillering to heading, and heading to milk maturity (Table 1).

Table 1 —The influence of sowing time and seed ingrateon the growth of malting barley, 2021-
2023.

Seedingrates, Shoots - | Tillering — | Heading - | Milkstage Waxmaturity | Full
million/ha tillering Stem Flowering (Waxstage) maturity

elongation

(jointing) -

Flowering
First sowing date (at the onset of soil physical maturity
2,0 6.05 13.05 27.05 21.06 15.07 10.08
3,0 (control)) 6.05 13.05 27.05 21.06 15.07 10.08
4,0 6.05 13.05 27.05 21.06 15.07 10.08
5,0 6.05 13.05 27.05 18.06 13.07 08.08
6,0 6.05 13.05 27.05 21.06 15.07 09.08
Second sowing date (5 days after the first date, control)
2,0 22.04 5.05 16.05 7.06 30.07 11.08
3,0 (control) 21.04 2.05 16.05 7.06 30.07 07,08
4,0 21.04 2.05 16.05 7.06 30.07 07,08
5,0 20.04 1.05 14.05 5.06 27.07 06,08
6,0 22.04 5.05 14.05 6.06 30.07 10,08
Third sowing date (10 days after the first date)
2,0 30.04 2.05 16.05 8.06 2.07 17.08
3,0 (control) 30.04 2.05 16.05 8.06 2.07 17.08
4,0 30.04 2.05 16.05 8.06 2.07 17.08
5,0 30.04 2.05 14.05 6.06 1.07 13.08
6,0 30.04 2.05 15.05 8.06 2.07 15.08
Fourth sowing date (15 days after the first date)
2,0 30.04 18.05 22.06 14.07 8.08 25.08
3,0 (control) 28.04 18.05 22.06. 14.07 8.08 25.08
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4,0 29.04 17.05 21.06 12.07 6.08 25.08
5,0 29.04 17.05 21.06 12.07 6.08 25.08
6,0 30.04 18.05 22.06 14.07 8.08 25.08

Adverse growing conditions significantly affect plant development, leading to delays in
ontogenetic progress and insufficient formation of aboveground vegetative biomass. Under unstable
moisture regimes, the timing of phenological phases and the duration of intervals between them
largely depend on the thermal conditions during the growing season and soil moisture levels, while
the impact of agronomic practices plays a comparatively minor role. An analysis of yield components
in barley varieties, considering sowing dates and seeding rates, revealed that timely sowing combined
with an optimal seeding rate positively influences key yield factors: tillering, stem density, number
of grains per spike, and thousand-kernel weight. Spike productivity is determined by both the
thousand-kernel weight and the grain count per spike. Correlation analysis calculated partial
correlation coefficients between grain number per spike and spike productivity (r = 0.977 £ 0.090),
thousand-kernel weight (r = 0.722 £ 0.298), productive tillering (r = 0.793 = 0.262), as well as the
number of productive stems, where a negative correlation was observed (r = —0.872 £ 0.240).
Structural analysis of sheaves showed that increasing the seeding rate from 2 to 6 million viable seeds
per hectare raised the number of productive plants per unit area from 300 to 460. At the same time,
productive tillering tended to decrease (Table 2), indicating the presence of compensatory
mechanisms in yield formation as plant density changes. Therefore, optimizing sowing dates and
seeding rates is a crucial factor in balancing the number of productive plants with their individual

productivity, ultimately affecting the overall yield and grain quality of brewing barley.

Table2 — Elements of the productivity structure of the Arna variety for 2021-2023.

Seeding rates, | Number of | Productivetillering Number of | Grain Thousand-
million per 1 | productive grains per | weight per | kernelweight, g
ha stems, pcs. spike, pcs spike, g
First sowing date (at the onset of soil physical maturity)
2,0 179,7 2,53 40,0 2,11 65,7
3,0 (control) 2227 2,27 30,3 2,06 65,0
4,0 381,3 3,18 38,3 1,99 64,0
5,0 413,7 2,08 47,7 1,93 63,4
6,0 5417 2,02 36,3 1,84 61,5
Second sowing date (5 days after the first date, control)
2,0 121,0 1,65 30,0 1,11 55,7
3,0 (control) 168,7 1,66 19,3 1,06 55,0
4,0 192,7 1,18 18,3 0,99 54,0
55 194,0 1,01 17,7 0,93 53,4
6,0 126,3 1,04 16,3 0,84 51,5
Third sowing date (10 days after the first date)
2,0 111,0 1,60 29,0 1,11 45,7
3,0 (control) 158,7 1,62 29,3 1,06 45,0
4,0 152,7 1,10 16,3 0,79 44,0
5,0 154,0 1,00 15,7 0,83 43,4
6,0 116,3 1,04 16,3 0,74 41,5
Fourth sowing date (15 days after the first date)
2,0 221,0 1,85 19,7 1,03 42,8
3,0 (control) 268,7 1,56 18,7 1,00 43,7
4,0 292,7 1,28 18,7 0,96 41,2
5,0 294,0 1,11 16,7 0,86 41,7
6,0 326,3 1,04 15,5 0,79 40,9

Plant growth and development under different sowing dates occurred under varying conditions,
which significantly influenced the growth dynamics of spring barley. The most favorable
hydrothermal conditions for vegetation were observed with early sowing, ensuring adequate moisture
availability during the tillering to heading phases. Earlier sowing extended the duration of initial
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growth stages and the entire growing period, whereas delayed sowing accelerated plant development.
For instance, the vegetative period at the first sowing date lasted approximately 80 days.

Conversely, at the second sowing date (5 days after the first, control) with seeding rates of 5.0
and 6.0 million seeds per hectare, a slight decline in germination energy and deterioration in grain
uniformity were noted, despite a minor increase in germination capacity (Table 3).

Table3 — Averageindicatorsofbrewingproperties of barley grain in experiments in 2021-2023.

Seeding rates, Alignment, % Fine <
million per 1 ha grains, % | X L ‘T
28mm [ 25mm | 22mm | 22 mm = = 2
o o = =
> S 2 8
5 = s S Z
s |8 g | g 2
< = € € S
5 © o & =
T ) O] ©) L
First sowing date (at the onset of soil physical maturity
2,0 7,8 98,3 | 86,9 114 |13 0,4 97,3 98,5 80,3
3,0 (control) 7,8 97,4 | 845 129 |20 0,4 98,3 98,7 80,6
4,0 8,3 98,9 | 87,6 114 109 0,2 96,1 98,3 80,4
5,0 8,4 96,8 | 75,6 212 |24 0,8 96,5 98,7 81,1
6,0 8,0 984 | 87,0 114 |14 0,2 96,9 99,3 80,1
Second sowing date (5 days after the first date, control)
2,0 6,5 78,3 | 66,9 |94 1,0 0,1 77,3 78,5 69,3
3,0 (control) 6,4 77,4 | 645 | 109 0,9 0,2 78,3 78,7 67,6
4,0 7,2 789 | 676 |94 0,7 0,1 76,1 78,3 68,4
5,0 7,3 76,8 | 55,6 | 1972 13 0,5 76,5 78,7 61,1
6,0 6,9 784 | 670 |94 0,3 0,1 86,9 79,3 60,1
Third sowing date (10 days after the first date)
2,0 7,4 95,8 | 72,6 192 | 1,4 0,7 90,5 94,7 89,1
3,0 (control) 7,0 94,3 | 82,2 10,1 | 1,1 0,4 91,7 95,1 75,4
4,0 8,4 96,8 | 75,6 212 | 24 0,8 96,5 98,7 81,1
5,0 8,0 98,3 | 87,2 11,1 | 1.2 0,5 97,7 98,1 79,4
6,0 8,0 97,8 | 848 13,1 | 1,8 0,4 97,5 98,9 79,0
Fourth sowing date (15 days after the first date)
2,0 6,8 88,3 | 76,9 104 | 1,2 0,3 87,3 88,5 70,3
3,0 (control) 6,8 874 | 745 119 [ 1,0 0,3 88,3 88,7 70,6
4,0 7,3 88,9 | 77,6 10,4 | 0,8 0,1 86,1 88,3 70,4
5,0 7,4 86,8 | 65,6 20,2 | 2,3 0,7 86,5 88,7 71,1
6,0 7,0 884 | 77,0 10,4 | 1,3 0,1 86,9 89,3 70,1

Under the humid hydrothermal conditions of 2022 (hydrothermal coefficient, HTC = 2.3), the
reduction in test weight and increase in grain protein content did not adversely affect the malting
qualities, as these parameters remained within optimal ranges. In contrast, during the drier seasons of
2021 and 2023 (HTC = 1.0-1.3), at seeding rates of 3.0—4.0 million seeds per hectare, grain protein
content exceeded normative values, reaching 13-14% at a seeding rate of 6.0 million seeds per
hectare. In the 2021 and 2023 trials, barley yield increased by 10-20%, accompanied by
improvements in thousand-kernel weight, germination energy, and viability, while protein content
decreased to within the normative threshold. Increasing the seeding rate to 6.0 million seeds per
hectare at the first sowing date (soil physical maturity) enhanced productivity by 17-21%, improved
test weight, germination energy, and thousand-kernel weight, but reduced protein concentration.

Early sowing (at soil physical maturity) contributed to enhancements in grain size, germination
energy, viability, and uniformity. Stem density, regulated by seeding rate, influenced malting quality:
increasing the seeding rate from 4.0 to 5.0 million seeds per hectare elevated test weight from 647 to
654 g/, whereas further densification to 6.0 million seeds per hectare reduced test weight to 648 g/I.
Grain size decreased from 86% to 78% as seeding rates increased from 4.0 to 6.0 million seeds per
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hectare, with the highest grain size percentages (84-89%) recorded in 2021.Growing conditions
affected grain germination capacity, which averaged 85-95% over three years, showing a tendency
to decline with increasing plant density: 85% at 6.0 million seeds per hectare versus 95% at 5.0
million seeds per hectare. Conversely, grain husk content exhibited an opposite trend, being higher
at seeding rates of 5.5 and 6.0 million seeds per hectare (averaging 10.2% and 10.6%, respectively)
compared to 4.0-5.0 million seeds per hectare (9.6-9.7%). The biochemical composition of the grain
was largely determined by varietal characteristics but also varied according to environmental
conditions. Protein content at seeding rates of 4.5 and 5.0 million seeds per hectare complied with
GOST standards (averaging 11.9% and 11.6%, respectively), whereas at 4.0, 5.5, and 6.0 million
seeds per hectare, protein levels were elevated (12.2-13.1%) (Table 4).

Table 4 —Brewing quality of barley grain depending on seeding rates averaged over 2021-2023

Indicators Seeding rates, million seeds per hectare

2,0 | 3 (control) | 4,0 | 5,0 | 6,0
«Arna» variety
Test weight of grain, g/l 647 649 654 648 648
Grainsize, % 86 86 85 78 78
Germinationcapacity, % 92 91 95 85 85
Huskcontent, % 9,6 9,7 9,5 10,5 10,5
Proteincontent, % 12,2 11,9 14,6 18,1 13,1
Starchcontent, % 60,6 60,9 61,3 59,8 59,8
Extractcontent, % 75,7 75,9 76,1 74,1 74,1

Starch content increased with the rise in seeding density from 4.0 to 5.0 million seeds per
hectare, averaging 60.6-61.3% over three years, whereas further densification to 6.0 million seeds
per hectare led to a decrease to 59.8%. A similar trend was observed for grain extract content, which
reached its maximum value (76.1%) at the seeding rate of 5.0 million seeds per hectare. No significant
effect of sowing dates on husk content was detected; however, a general tendency toward its reduction
was noted at the optimal sowing time. Varietal differences were pronounced, with the “Arna” variety
exhibiting the most favorable husk content values.

Conclusions

The study revealed significant differences in the initial growth rates among the barley varieties
examined. Although emergence occurred simultaneously, the spring barley variety “Arna” exhibited
distinctive developmental characteristics. Under favorable moisture conditions (2022), these
differences were less pronounced; however, they remained substantial on average throughout the
entire study period. During the heading phase, “Arna” averaged 4.5 productive stems and nodal roots
per plant over three years. Exhibiting high lodging resistance, plants of this variety were taller by
approximately 10 cm, had improved leafiness, and deeper placement of the tillering node, which
contributed to enhanced drought tolerance. Seeding rate had a significant impact on the malting
quality of “Arna” grain. Optimal values for test weight (654 g/l), grain size (85%), germination
capacity (95%), husk content (9.5%), protein content (11.6%), starch content (61.3%), and extract
content (76.1%) were achieved at a seeding rate of 5.0 million seeds per hectare. Recommended
agronomic practices, including early sowing and a seeding rate of 5.0 million seeds per hectare,
ensure a grain yield of 30.1 centners per hectare, meeting the requirements of GOST 5060-86
(“Brewing Barley. TechnicalSpecifications”), there by promoting high economic efficiency in
production.
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AJIMATBI OBJIBICBIHBIH TONBIPAK-KJIUMATTBIK dKAFTAUJIAPBIHIA
HIUKIBATTBIH OHIMALJIITT MEH CAITACBIH APTTBIPY MAKCATBIHJIA CBIPA
APITACBIHBIH OCIPYIIH UHHOBALUAJIBIK AT'POTEXHOJIOTI'USIJIAPBIH
I3IPJIEY ) KOHE EHI'I3Y

Anoamna

ChIpasibIK apmaHbl ecipy THIMAUIITIH apTTRIPY KaXKETTUIIr ecin Kesedi, Oyi1 Ja MUBOBAPIIBIK
JKOHE TaMaK ©HEpKociOl YIIiH MaHBI3Ibl aybUl IIAPyamlbUIBIFBl JAKbLIbI OOJBINT TaOBLIAIbI.
KnuMaTTeiH e3repyi, BUIFAIIBIH TYPAKCHI3IBIFBl KOHE TOIBIPAK-aFPOHOMISUIBIK PECypCTapIbIH
TayChbUTYBI JKaF/IaiibIH/Ia aliMaKThIH HAKThl TOMBIPAK-KIMMATTBIK JKaFdainapbiHa OeiiMIenreH eric
Mep3iMJIepi MEH ery HOpMaiapbl CHSKTBI OHTAMIIBI arpOTEeXHUKAIBIK TOCULIEP/l FRUIBIMU HETI3ey
epeKilie MaHbI3Jbl 00BN OThIp. Makanaga Anmarbl oOJbICHIHBIH bankaiml aygaHbIHBIH TaOUFH-
KIIMMATTBIK JKaraaiaapbliHia «ApHa» CYPBINTHI MMBOBAPIIBIK apIlaHbIH €ric Mep3iMaepi MEH ery
HOPMAaJIaPBIHBIH ©CYl, JaMybl, ()EHOJIOTHSIIBIK EPEKIISTIKTepl, OHIMILIIr »OHE JIOH carachlHa
KEIIeH/Ti KOIDKBUIIBIK 3epTTEYJIep HOTHKEIEepi YChIHBUIFaH.3epTTey OaphIChIH A TeKTaphiHa 5,0 MITH
OCKIH JIOH HOPMACBhIMEH €pTe ery Mep3iMi MBIKTBl O©CKIHICPAIH KaJbIITaCybIHA, O©CIMIIKTEP/IIH
OHTAMJIBI JaMYBIHA XKOHE KOFaphl oHIMIUTIKKe — 30,1 11/Ta NeiiH )KeTyre BIKIAI €TeTiHI aHBIKTAJIIBL.
OHIM KYpBUIBIMBIHBIH Taj/1aybl OOWBIHILA, €Ty HOPMACHIHBIH 2 MJIH-HAaH 6 MJIH-Fa JIeHiH oCcyl OHIM/l
cabarbiabiy caHblH 300-meH 460 mT./M?*-re apTTHIPFaHBIMEH, OHIMJI OYTalbUIBIK TOMEHICHTIHIH
KOpCeTTi, Oy ecCIMIIKTepAiH ©eTeMIiK MexaHu3MaepiHn Ouiaipeni. Koppensuusiblk Tangay
KYpaKTarbl JIOH CaHbl MEH KYpaK ©HIMJIUTITT apachIHAAFbI )KOFapbl OainanbicThl (1 = 0,977), connaii-
aK eHiMIi OYTalblIBIK TEH €ry HOpMachl apachlHaarbl Kepi OaimanbicTel (r = —0,847)
pacTanbl.«ApHa» CYPHINTHI JOH Carachl HaTypa KepceTKimTepiMeH (654 1/1 AeiiH), ipiKTiIiriMeH
(85% neiiin), eny kabOinerimeH (95% neliiH), miueHYAThUIBIFBIMEH (mmamameH 9,5%), akysi3
MmedepimMer (mamamen 11,6%), kpaxman memmepimed (61,3% neiiin) xoHE SKCTPaKTUBTUIITIMEH
(76,1% neiiin) cunartanabl, Oy1 onTuMaiasl 5,0 MITH IoH HOpMachiHaa Oaikanapl. COHBIMEH KaTap,
ery HopMmachiH 6,0 MIIH AoHTe AeiiH apTTeIpy eHiMaUTiK meH 1000 1oH MaccachIHBIH ©CYiHE BIKITal
€TKEHIMEH, aKybl3 MOJIIIEPIH TOMEHIETTI.ATanFaH JAEpeKTep KEePriliKTi TOMBIPAK-KIUMATTHIK
Karaimapra OeiiMIIeNTeH eric Mep3iMIepi MEH ey HOpMallapblH KEIICH/I1 TYP/Ie TaHAay KaKETTIirH
Kepceteni, Oyn «ApHa» CYPBINTHI TMHBOBAPJBLIK aplaHbIH KOFaphl OHIMIUIINT MEH canachlH
KaMTaMachl3 erell. ¥YcbIHbUIFaH arporexHukanbik mapanap [OCT 5060-86 TamanrtapbiHa colikec
KEJeTIH JIoH allyFa MYMKIH/IK Oepeii, OyJ1 OHipIiH MMBOBAPIIBIK CANACHIHBIH AaMYbl YIIIIH MaHbI3/IbI.
AJIBIHFAaH HOTWXKENIep alMakK »JKarJaiblHJa TIMBOBAPJBIK apHaHbl ©cipy TEXHOJOTHSIIAPBIH
OHTaWJIaH/IBIPYFa YCHIHBIIA/IbI.

Kinm ce3oep: Ceipanblk apna, «ApHa» CYPBINTHI, €Ty Mep3iMIepi, ery HOpMAachl, OHIMJILIIK
TIeH JIOH camnachl, PeHONIOTHS, OHIMILTIK.
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PA3PABOTKA U BHEJIPEHUE WHHOBAIIMOHHBIX ATPOTEXHOJIOT U
BO3JIEJIBIBAHUS IMBOBAPEHHOT' O SUMEHSA C YYETOM CHEIIU®UKH
IMOYBEHHO-KJIMMATUYECKHUX YCJIOBU ATMATHHCKOM OBJACTH JIJIA
MNOBBILNEHUSA MPOAYKTUBHOCTHU U KAYECTBA CbIPbS
Annomauus
PacTtymas noTpeOHOCTh B MOBBIIIEHHH 3()()EKTUBHOCTU BO3JENIBIBAHUS IHBOBAPEHHOIO
STAMEHsI, KOTOpasl SIBJISETCS Ba)XXHOM CEIbCKOXO3AMCTBEHHOW KyJIbTYpOM I INHUBOBAPEHHOM M
MUIIEBOW MPOMBIIIJIEHHOCTH. B COBpPEMEHHBIX YCIOBHUSAX HM3MEHEHMsI KJIMMarTa, HEYCTOMYMBOIO
YBJIQXKHEHUS U MCTOILEHHUS MOYBEHHO-arPOHOMUYECKUX PECYPCOB OCOOEHHO Ba)KHBIM CTAHOBHTCS
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Hay4yHOE 00OCHOBAaHUE ONTUMAJILHBIX arPOTEXHUUYECKUX MPUEMOB, TAKMX KaK CPOKH ITOCEBA U HOPMBbI
BBICEBA, aJJAITUPOBAHHBIX K KOHKPETHBIM MMOYBEHHO-KJIMMATHYECKUM YCIIOBHUSIM peruoHa.B cratbe
MIpPE/ICTaBJICHBI PE3YNbTaThl KOMIUIEKCHBIX MHOTOJIETHUX HCCIIEIOBAaHUI BIUSHUS CPOKOB MOCEBA U
HOpPM BBICEBA CEMSIH Ha pOCT, pa3BUTHE, (EHOIOTHYECKHE OCOOEHHOCTH, MPOAYKTHBHOCTH MU
KauecTBO 3€pHAa NMUBOBAPEHHOTO SYMEHS copTa «ApHa» B IPUPOIHO-KIMMATUYECKUX YCIOBHSIX
banxamickoro paiioHa AnTMaTHHCKOI 001acTH. Y CTaHOBJIEHO, YTO paHHHI CPOK MOCEBa IPU HOpME
BbiceBa 5,0 MJIH BCXOXXKHMX CEMSH Ha IeKTap CIOCOOCTBYeT (OPMHUPOBAHMIO KPEMKHX BCXOOB,
ONTUMAIIFHOMY DPa3BUTHIO PACTEHUH W JOCTHIKEHUIO BBICOKOW ypoxkaiiHocth — a0 30,1 m/ra.
CTpyKTypHBIN aHaaM3 ypoxasi BBISBUJ, YTO YBEJIMUYEHHE HOPMBI BbICEBa C 2 70 6 MIIH CeMsiH/Ta
MPUBOAMT K POCTY KOJTMUECTBA MPOAYKTUBHBIX cTebeii ¢ 300 go 460 mT./M?, 0JHAKO MPOTyKTHBHAS
KYCTHUCTOCTh CHUKAETCsI, YTO OTpa’kaeT KOMIIEHCATOPHbIE MEXaHU3MbI pacTeHuil. KoppenaunoHHbii
aHaJIN3 MOATBEPNII BBICOKYIO CBSI3b MEX/1y YHCIIOM 3€PEH B KOJIOCE M MPOAYKTUBHOCTbHIO KoJioca (T
= 0,977), a Takxke 0OpaTHYIO 3aBUCHMOCThH MPOJAYKTUBHOM KYCTHCTOCTH OT HOPMBI BbIcEBa (I = —
0,847).KauecTBO 3epHa copra «ApHa» XapaKT€pU30BAJIOCh BBHICOKMMHM IOKA3aTeNIIMU HATYpHI (110
654 r/n), xpynHoctu (10 85%), npopactanus (10 95%), mnenuyaroctu (oxono 9,5%), comepxaHus
oenka (okomno 11,6%), kpaxmamna (o 61,3%) u 3kcTpakTuBHOCTH (10 76,1%) mpu onTUMaIBHON
HopMe BbiceBa 5,0 muH mT./ra. Ilpu 3TOM yBenumueHue HOpMBI BbiceBa 10 6,0 MiH ImT./ra
Croco0CTBOBAIO poCTy ypoxaiHocTd W Macckl 1000 3epeH, HO CHIDKAIO COJEpKaHue
6enka.llonydyeHnHble JaHHbBIE CBUACTEIBCTBYIOT O HEOOXOAMMOCTH KOMIUIEKCHOT'O IMOAX0/1a K BEIOOPY
CPOKOB II0CEBa W HOPM BBICEBA, AaJalNTUPOBAHHOTO K MECTHBIM ITOYBEHHO-KIMMAaTHUYECKUM
yCIOBUSIM, NIl OOecrieueHus: BHICOKON ypOKaWHOCTH M KayecTBa MHUBOBAPEHHOI'O SYMEHS COpTa
«ApHay». PexomeHmOBaHHas arpoTeXHUKa IIO3BOJSET IOJy4aTh 3€pHO, COOTBETCTBYIOLIEE
tpeboBanusiM ['OCT 5060-86, uTo uMeeT BaKHOE 3HAYEHUE IS Pa3BUTHS MUBOBAPEHHOIN OTpaciu
peruona. [losydyeHHble NaHHBIE MOTYT OBITh PEKOMEHJIOBaHbI JJI ONTUMU3ALMU TEXHOJIOTHM
BO3/ICJIBIBAHUS] TUBOBAPEHHOTO SIUMEHS B YCIOBHSIX PETHOHA.

Knrouegvie cnoga: 11uBoBapeHHbIN SUMEHb, COPT «ApHa», CPOKM IIOCEBA, HOPMA BBICEBA,
YPO’KaHOCTh U KaueCTBO 3epHa, ()eHOJIOTHs, TPOAYKTUBHAS KYCTUCTOCTb.
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