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LENTIL HARVEST FORMATION USING DIFFERENT METHODS SOWING AND
SEEDING RATES

Abstract

The article contains information on the study of the effect of seeding methods and rates on the
structure of the lentil crop. Currently, the task has been set, both for science and in production, to
revive lentils. As a result of research, the effect of sowing rates on plant productivity was established.
The largest crop of lentil grains of the Shirayly variety was formed by sowing with a row width of 30
cm and a sowing rate of 1500 thousand pcs/ha, which amounted to 21.2 c/ha. Both with a decrease in
the seeding rate to 1200 thousand pcs/ha, and an increase to 1800 thousand pcs/ha, this indicator
decreases by 1.9-2.5 c/ha. When sowing with a row width of 15 cm, the yield of lentil grain Shyrayly
decreases by 1.2-2.1 c/ha with sowing rates from 1200 to 1800 thousand pcs/ha.

The largest crop of Krapinka lentil grain was formed by crops with a row width of 15 cm and a
seeding rate of 2000 thousand pcs/ha, which amounted to 15.9 c/ha. Both with a decrease in the
seeding rate to 1500 thousand pcs/ha, and an increase to 2500 thousand pcs/ha reduces eta
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APPLICATION OF MINERAL AND ORGANIC BIOSTIMULANTS TO IMPROVE
GROWTH INDICATORS AND LEAF SURFACE AREA IN APPLE ORCHARDS OF
SOUTHEASTERN KAZAKHSTAN

Abstract

In the conditions of southeastern Kazakhstan, which is characterized by an arid climate and the
need for irrigation, the use of organic biologically active preparations in horticulture represents a
promising direction. This article presents the results of a study on the effects of the preparations
Agroflorin, Al Karal, and Biosok Energy Plus on the biometric indicators of the Golden Delicious
apple variety. Special attention is paid to the development of shoot length, branch diameter, leaf
surface area, and other morphological traits of the plants.

The scientific novelty of this research lies in the development of a technology for the application
of organic fertilizers and biopreparations that enhance the activity of soil microorganisms. These
microorganisms regulate biological processes in the soil and improve the nutrient uptake of plant root
systems.

Experimental studies conducted under the conditions of irrigated light chestnut soils of
southeastern Kazakhstan revealed that organic fertilizers and biopreparations, particularly "BioSok
Energy Plus”, Agroflorin, and Alkaral, stimulate the vital activity of beneficial soil microorganisms
and improve plant nutrition.

Soil microorganisms play a key role in mineralizing organic substances and synthesizing their
cellular proteins by utilizing carbon and nitrogen. Microbial groups such as actinomycetes, mold
fungi, and bacteria contribute to the replenishment of nitrogen in the soil by decomposing organic
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matter. As a nitrogen source, they primarily require easily soluble nitrogen compounds, which are
provided through the application of organic fertilizers and biopreparations.

The study established a positive effect of organic fertilizers, particularly BioSok Energy Plus
and Agroflorin, on the population of ammonifying bacteria, pseudomonads, amylolytic bacteria, and
micromycete flora in apple orchard soils. This, in turn, enhances the nutrition of the root system and
improves the overall physiological condition of apple trees.

Keywords: apple tree, biopreparations, leaf surface, biometrics, organic farming, Golden
Delicious, southeastern Kazakhstan.

Introduction

In the modern context of sustainable development of the agro-industrial complex, the
development of biological farming systems is gaining particular relevance. This is due to increasing
technogenic pressure on agroecosystems and growing global climate changes [1]. The foundation of
such systems is the active use of natural biological resources and mechanisms in agricultural
production [2—4]. The introduction of biologization methods in crop production contributes not only
to the improvement of the ecological condition of agro-landscapes but also to the enhancement of soil
fertility, crop yields, and overall economic efficiency of the industry [5]. The practice of applying
biologized techniques in various regions of Kazakhstan has confirmed their high efficiency [6-10].

In modern horticulture, one of the most effective types of industrial gardens is a high-density
garden on dwarf clonal rootstocks. The density of such gardens reaches 4-5 thousand square meters
of trees per hectare, which causes early entry into fertility, abundant and more regular harvests, and
this leads to a large removal of nutrients. All this causes the need to create a high level of mineral
nutrition in such plantings and an account of the application of fertilizers. Complete mineral nutrition
leads to growth processes, enhances the laying of generative organs, accelerates and promotes
fertility. At the same time, the agrochemical and economic efficiency of fertilizer application largely
depends on compliance with a scientifically based nutrition system, allows not only to increase
productivity without reducing its quality, but also to preserve soil fertility in the garden, and not to
pollute the environment with excessive amounts of fertilizers. A scientifically based nutrition system
is developed taking into account soil, climate and environmental factors, the system of land
maintenance in gardens, variety-rootstock combinations and the standard level of fruit yield [11].

The growth and productivity of fruit trees in the garden depend on the provision of the soil with
nutrients. Since fruit trees grow in the garden for decades and constantly absorb nutrients from the
soil, their productivity decreases over time without fertilizing. Therefore, it is necessary to regularly
replenish the supply of nutrients in the soil. In addition to the natural way, soil fertility must be
maintained artificially: by adding organic and mineral fertilizers. Fertilizers give the best effect in
combination with irrigation and other agricultural measures. In the nutrition of fruit plants during the
growing season, two periods are distinguished - from the beginning of spring vegetation to the end of
shoot growth and from the end of shoot growth to late autumn [12].

A key direction in the biologization of agriculture is the implementation of techniques aimed at
preserving and enhancing soil fertility, activating its biological activity, and reducing the negative
consequences of various forms of soil cover degradation [13]. One of the promising approaches is the
use of methods that promote the accumulation of biological nitrogen, humus formation, and synthesis
of humic substances, which is ensured through the microbiological mobilization of nutrients. The
effective implementation of these tasks requires a rational combination of biological land reclamation
methods with elements of chemicalization, implying the development of sustainable soil cultivation
techniques. Such methods should ensure long-term positive impacts on soil biota and cropping
systems under anthropogenic stress [14].

In the context of global climate change, intensive use of chemical fertilizers and pesticides in
agriculture—especially in areas with irrigated lands—issues of ecology, agricultural sustainability,
and restoration of natural soil fertility are becoming increasingly urgent. Against the background of
growing demands for environmentally clean products and safe production, the increasing role of
organic and biological fertilizers becomes evident [15]. One of the key elements of sustainable
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agriculture is the optimization of plant nutrition using organic and biological fertilizers. The
application of such fertilizers contributes not only to the improvement of soil structure and biological
activity but also to the formation of healthier and more productive plants, which is especially
important in arid climate regions such as the southeast of Kazakhstan. Problems of soil erosion,
degradation, and fertility loss are highly relevant for this region, where an intensive irrigation system
has traditionally been used [16].

In 2021, a research study was conducted at the Pomological Garden of the Institute of Fruit and
Vegetable Growing of the Republic of Kazakhstan (Talgar branch) to evaluate the effects of various
types of mineral and organic fertilizers on the biometric indicators of the Golden Delicious apple
variety. The relationship between the type of fertilizer and the growth processes of apple trees is of
critical importance for the development of sustainable agrotechnologies[17].

The research was conducted within the framework of two projects: “Development of new
varieties of fruit and berry crops and grapes with specified traits, and the development of zonal
technologies for high-yielding plantations using modern methodologies” (IRN BR22884599) and
“Scientific support for the technological development of organic agricultural production in the
Republic of Kazakhstan” (IRN BR22885418).

Scientific Novelty of the Research. This study presents, for the first time, a comprehensive
investigation of the effects of mineral and bio-organic fertilizers on soil fertility, as well as on the
growth and productivity of the «Golden Delicious» apple cultivar, under dark chestnut soil conditions.
Furthermore, the research clearly highlights the importance of organic biopreparations in the context
of environmentally sustainable agricultural production.

Objects and Methods of Research

The study was carried out during the period of 20222024 in the pomological orchard of the
RF "Talgar" LLP "Kazakh Scientific Research Institute of Fruit and Vegetable growing" within the
framework of the scientific and technical program project "Scientific support for the technological
development of organic agricultural production in the Republic of Kazakhstan" (IRN Ne
BR22885418). The experiments were conducted in three replications.

The apple orchard was established in 2022. The planting material of the 'Golden Delicious'
(Malus Golden Delicious) variety was obtained from the certified nursery farm of KX “Badenko
A.Yu.” (Certificate of accreditation: KZ60VDC00077658). The trees were grafted onto the clonal
rootstock ARM-18. The experimental site is located in the foothill zone of the southeast of
Kazakhstan at an altitude of 1050-1100 meters above sea level. The planting scheme used for the
orchard is presented in Table 1.

Table 1 — Planting scheme of crops at the experimental site

Crop Type ||Area (ha)|[Planting Scheme]
[Pome crops | | |
|Apple, cv. Golden Delicious (Malus Golden Delicious)|[1 5x2m |

The climate of the region is sharply continental, characterized by significant daily and annual
fluctuations in air temperature, with cold winters and prolonged hot summers. The duration of the
warm period is 240-275 days. The sum of positive temperatures is 3450-3750°C. The average frost-
free period lasts 140-170 days. The annual precipitation ranges from 350 to 600 mm. In 2022, the
average air temperature was +2.1°C higher than the long-term norm, and precipitation was 120 mm
below the average[18].

In the studies the obtained results of the influence of abiotic factors and the development of
changes in the apple tree ecosystem revealed that the studied plants behave in full accordance with
the established seasonal rhythm depending on the change in air temperature and the emerging
ecological features inherent in the state of the ecosystem, when using innovative techniques and
structured information obtained from IT sensors [19].
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The soil in the study area is light chestnut, medium loamy in granulometric composition,
slightly alkaline (pH 7.3-7.4), with humus content of 2.82%, total nitrogen 0.18-0.20%, total
phosphorus 0.19-0.20%, available phosphorus 30-40 mg/kg, and exchangeable potassium 350-390
mg/kg.

Research Objective

To develop an organic fertilizer application system for fruit crops, evaluate and identify the
most effective types of bioorganic fertilizers for use in organic fruit production. Research objects:
Apple trees of the “Golden Delicious” variety, bioorganic and mineral fertilizers, biopreparations.

Research Materials

Alkaral, Agroflorin, BioSok Energy Plus, Biohumus, Mineral fertilizers. During the growing
season, observations and measurements were conducted to assess the vegetative growth of apple trees,
including trunk diameter, leaf surface area, annual shoot elongation, and the number of fruiting spurs.
Each treatment variant was arranged in a randomized complete block design with three replications,
comprising five trees per replicate, totaling 15 trees per treatment. Trunk diameter was measured
using a caliper at a height of 20-25 cm from the soil surface annually in autumn after the end of the
growing season.The research was conducted using standard methods:

. Methodology of experimental work (edited by B.A. Dospekhov, 1985) [20];

. Methodical recommendations of the Kazakh Research Institute of Fruit Growing and
Viticulture, the All-Russian Research Institute of Horticulture named after 1.V. Michurin;

. Agrochemical research methodology (Yudin F.A., 1980);

. Methodological recommendations “Transition from traditional to bioorganic farming in
the Republic of Belarus” (ed. by K.l. Dovban, Minsk, 2015) [21].

Fertilizer Application Variants:

. Control (no fertilizers)

. N110P110K120 (recommended dose)

. Agroflorin (2.5 ml/l water, 4 treatments per season)

. Alkaral (300 ml/50 | water, 4 treatments)

. BioSok Energy Plus (300 ml/5 | water + 400 g under the root, 4 treatments)

. Biohumus 3 t/ha

Before planting, seedlings were soaked in biopreparation solutions. Afterwards, the
preparations were applied once to the root zone, twice by basal application, and twice by foliar
spraying. Each variant was laid out in triplicate. The planting scheme for the apple orchard was 5 x
2 m. Fertilizers were applied according to manufacturer recommendations and agronomic
requirements for southern regions of Kazakhstan.

Irrigation conditions at the experimental orchard: periodic irrigations with rates corresponding
to the crop’s water deficit until soil moisture did not fall below 70% of field capacity.

Biometric Indicators Included:

. Shoot length (m)

. Shoot diameter (cm)

. Number of leaves (pcs)

. Area of one leaf (cm?)

. Total leaf surface area (dm?)

Results and Discussion

The study of biometric indicators plays a key role in assessing the physiological condition of
plants, their response to agrotechnical practices, and the effectiveness of different fertilizers.
Biometric parameters such as plant height, trunk diameter, number and length of shoots, as well as
leaf surface area, reflect the intensity of growth, accumulation of vegetative mass, and the potential
productivity of crops. Analyzing these indicators allows for the timely identification of the plants’
adaptive capacity to external environmental conditions, including nutrient availability, water supply,
and temperature regimes.

Biometric studies are particularly important in the comparative evaluation of the effects of
mineral and organic biologically active substances. They allow not only to track the overall growth
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dynamics but also to determine the optimal conditions for the full realization of the crop's genetic
potential. Southeastern Kazakhstan provides favorable conditions for fruit cultivation; however,
periods of water stress and soil fertility limitations necessitate adaptive nutrient and irrigation
strategies.

Analysis of the obtained data shows a pronounced influence of applied mineral and organic
biological fertilizers on the main biometric indicators of the Golden Delicious apple variety.
Significant differences were observed especially in parameters such as the length of annual shoots,
number of leaves, and total leaf surface area, which are directly related to growth intensity.

In the control variant (without fertilizers), plants showed the lowest values in all measured
parameters. The shoot length was 1.82 cm, the number of leaves was 47.33, and the total leaf area
amounted to only 37.33 cm?. These results can be considered baseline and used for comparison with
the effects of fertilizer application. The low indicators are explained by the lack of additional nutrition
and stimulation, which under irrigated but moderately nutrient-supplied soil conditions limits growth
processes.

Biometric indicators were studied during the vegetation seasons of 2022 and 2023, and average
values over these two years are presented in the tables below. The experiments were conducted in
three replications, and statistical processing included Least Significant Difference (LSD or HCP) at
p < 0.05 for reliability (Table 2).

Biometric parameters such as plant height, trunk diameter, number and length of shoots, and
leaf surface area reflect the growth intensity and productivity potential. These indicators are crucial
for evaluating the effectiveness of mineral and organic fertilizers, particularly under the challenging
environmental conditions of Southeast Kazakhstan.

Table 2. Results of Biometric Measurements of Golden Delicious Apple Trees (Average for

2022-2023)

Experiment Trunk Shoot length, cm | Number of | Average leaf | Total leaf area,
variant diameter, cm leaves, pcs area, cm? cm?
Control 1,63 1,82 47,33 2,86 37,33
Mineral NPK | 1,70 1,85 52,00 2,90 43,68
fertilizers

Agroflorin 1,49 1,61 53,00 2,52 41,67
Alkaral 1,40 1,67 49,33 2,62 39,67
EI'SSSO" Energy | 4 77 1,70 51,33 2,36 45,33
Biohumus 1,68 1,75 50,00 2,80 42,00
LSDo.os 0.25 0.16 3.63 0.38 5.05

The application of mineral fertilizers at recommended doses ensured a stable improvement in
all studied parameters. In the NPK variant, shoot length reached 1.85 cm, the number of leaves
increased to 52, and the total leaf surface area rose to 43.68 cm?. This indicates the high effectiveness
of the classical nutrition system, which supplies plants with essential macronutrients. However, when
compared to organic biopreparations, mineral nutrition was inferior in some aspects (particularly in
total leaf area) to the variant with the “Biosok Energy Plus” preparation.

The “Agroflorin” preparation, applied at a concentration of 2.5 ml/l of water in four treatments,
showed a strong stimulating effect on apple tree growth. Despite a relatively smaller trunk diameter
(1.49 cm) and shoot length (1.61 cm), this variant had the highest number of leaves — 53. The total
leaf area was 41.67 cm?, which is 11.6% higher than the control value. This suggests the potential
role of “Agroflorin” in enhancing leaf formation and activating the photosynthetic apparatus.

The application of the “Alkaral” biopreparation provided improvements in biometric indicators
compared to the control, though to a lesser extent than in other variants. With a trunk diameter of 1.40
cm and shoot length of 1.67 cm, the number of leaves was 49.33, and the total leaf surface was 39.67
cm?. These data indicate a positive but moderate effect of the preparation. The reasons may lie in its
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less pronounced biostimulating activity or specific interactions with the soil and the apple variety.
Nevertheless, in all parameters, the “Alkaral” variant outperformed the control.

The highest results were obtained with the use of “Biosok Energy Plus,” which demonstrated a
comprehensive impact on growth processes. Shoot length reached 1.70 cm, with the highest trunk
diameter of 1.77 cm. The number of leaves was 51.33, and the total leaf surface area reached 45.33
cm? — the highest among all variants. The 21.4% increase in leaf area compared to the control
highlights the high efficiency of this preparation under the light chestnut soils of southern Kazakhstan.
Likely, “Biosok™ actively stimulates metabolism, promotes cell division, and enhances leaf tissue
growth.

The application of the organic fertilizer biohumus at a rate of 3 t/ha also had a positive impact.
The trunk diameter was 1.68 cm, shoot length — 1.75 cm, number of leaves — 50, and the total leaf
surface area — 42.00 cm?. These indicators confidently exceeded the control and approached the
results of mineral fertilization. Biohumus enriches the soil with humic substances, improves soil
structure, and activates soil microflora, creating more favorable conditions for plant growth.

Table 3. Photosynthetic Activity of Golden Delicious Apple Leaves Depending on Fertilizer
Variants (Average for 2022-2023)

Experiment variant Net photosynthetic productivity (mg | Chlorophyll a+b content (mg/g fresh
CO./dm?*h) weight)
Control 5,3 1,42
Mineral NPK fertilizers 6,8 1,83
Agroflorin 6,2 1,76
Alkaral 5,9 1,68
Biosok Energy Plus 7,1 1,92
Biohumus 6,6 1,80
LSDo.os 1.17 0.31

Analysis of the Photosynthetic Activity of Golden Delicious Apple Leaves. The analysis of
photosynthetic activity in the leaves of Golden Delicious apple trees revealed significant differences
among the fertilizer variants. The highest net photosynthetic productivity (NPP) was recorded in
plants treated with the biological preparation Biosok Energy Plus — 7.1 mg CO2/dm?h. This
indicates a high intensity of photosynthetic processes, which ensures more active accumulation of
organic substances and, consequently, positively influences plant growth and development.

A comparable result was shown by the variant with mineral fertilizers (NPK) — 6.8 mg
CO2/dm?h, confirming the effectiveness of traditional mineral nutrition in enhancing the
physiological activity of leaves. Slightly lower but still high values were observed with the use of
Biohumus (6.6 mg CO2/dm?/h) and Agroflorin (6.2 mg CO2/dm?/h), indicating the beneficial effect
of organic fertilizers on the photosynthetic function of the plants.

The variants with Alkaral (5.9 mg COz/dm?/h) and the control (without fertilizers — 5.3 mg
CO2/dm?/h) demonstrated the lowest levels of photosynthetic activity. It is particularly notable that
the control variant had the lowest NPP values, illustrating the dependence of photosynthesis intensity
on the supply of nutrients and external stimulating factors.

Alongside the measurement of photosynthetic activity, the total chlorophyll content (a + b) in
the leaves was also determined as an indicator of the physiological state of the plants. The highest
chlorophyll content was also observed in the Biosok Energy Plus (1.92 mg/g fresh weight) and
mineral NPK (1.83 mg/qg) variants, which aligns with the high NPP values. This confirms the close
relationship between chlorophyll pigment levels and the intensity of photosynthetic processes.

Conclusions Based on Table 3:

. All variants with fertilizer application (both mineral and organic) improved the biometric
parameters of the apple trees compared to the control.

. The greatest effect in terms of total leaf area and trunk diameter was shown by Biosok
Energy Plus, suggesting a high potential of this preparation as a plant growth biostimulant.
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. Mineral fertilizers had a predictably positive effect but were inferior to organic
preparations in several physiological parameters, especially in photosynthetic activity, including net
photosynthetic productivity and chlorophyll content.

. The photosynthetic activity of plants treated with Biosok Energy Plus and NPK was the
highest, indicating enhanced metabolic processes and increased physiological activity of the leaves.

. Biohumus demonstrated consistent efficiency in both biometric and photosynthetic
parameters, confirming its value as an environmentally friendly source of nutrition in organic
horticulture.

. No significant differences were found between the variants in terms of shoot length,
number of leaves, or leaf area; however, the variants with biopreparations showed a trend toward
increased leaf surface area and chlorophyll content, which collectively contributed to higher
photosynthetic activity of the plants.

Conclusion

The conducted research on the effects of mineral and organic biologically active substances on
biometric parameters and the formation of leaf surface area in Golden Delicious apple trees under
light chestnut irrigated soils of southeastern Kazakhstan yielded important scientific and practical
results.

Experimental data demonstrated that the application of various types of fertilizers significantly
influenced the growth, development, and photosynthetic activity of apple trees under moderate
irrigation and medium soil fertility conditions. Among them, the strongest stimulating effect on
growth processes, leaf apparatus formation, and enhancement of photosynthetic potential was
observed with organic biologically active preparations, particularly Biosok Energy Plus, which
ensured:

. the largest total leaf area;

. the maximum trunk diameter;

. the highest net photosynthetic productivity (7.1 mg CO2/dm?*h);

. the greatest chlorophyll content (1.92 mg/g fresh weight).

The conducted research on the effects of mineral and organic biologically active substances on
biometric indicators and the formation of leaf surface area in Malus domestica ‘Golden Delicious'
apple trees under light chestnut irrigated soils of southeastern Kazakhstan revealed significant
scientific and practical outcomes.

Application of organic biopreparations, especially Biosok Energy Plus, resulted in:

1. Trunk diameter increase by 8.6% compared to the control (from 1.63 cm to 1.77 cm);

2. Total leaf surface area increased by 21.4% (from 37.33 cm? to 45.33 cm?);

3. Net photosynthetic productivity (NPP) rose from 5.3 to 7.1 mg CO./dm?/h (+33.9%);

4. Chlorophyll content rose from 1.42 to 1.92 mg/g (+35.2%).

5. Mineral fertilizers (N110P110K120) at recommended doses significantly improved shoot
length (1.85 cm vs. 1.82 cm in control), number of leaves (52 vs. 47.33), and NPP (6.8 mg
CO2/dm*h), confirming their effectiveness in increasing vegetative growth and photosynthesis.
However, they were somewhat inferior to Biosok in total leaf area and physiological activity.

6. Biohumus also demonstrated strong efficacy: trunk diameter of 1.68 cm, total leaf area of
42.00 cm?, and NPP of 6.6 mg CO»/dm*h — outperforming control and approaching mineral fertilizer
results, while being environmentally sustainable.

7. Agroflorin and Alkaral contributed to increased leaf number and moderate improvement in
trunk and shoot growth, suggesting their supporting role in vegetative development and leaf biomass
formation.

Based on the conducted study, the following conclusions can be drawn:

1.All fertilizer variants had a positive effect on biometric and physiological parameters of the
plants compared to the control.

2.The most pronounced growth and physiological effects were observed with the use of Biosok
Energy Plus, making it a promising candidate for inclusion in organic horticulture technologies.
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3.Agroflorin and Alkaral showed consistent positive effects, contributing to increased leaf mass
and stable vegetative development.

4.Mineral fertilizers provide predictable improvements, including in photosynthetic activity,
but can be effectively replaced or supplemented with organic biopreparations when transitioning to
ecologically oriented agriculture.

5.The obtained data confirm the feasibility of integrating biopreparations into fruit crop
cultivation systems to enhance resilience, physiological activity, and environmental sustainability of
horticultural production in the southeastern regions of Kazakhstan.

The results of this study can be used in the development of technological maps for organic fruit
crop cultivation, in the scientific justification of agro-technologies, and in further research into the
mechanisms of action of biologically active substances on the morphophysiological development of
fruit plants.
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KA3AKCTAHHBIH OHTYCTIK-IIBIF BICBIHIAFBI AIMA BAKTAPBIH/JIA OCY
KOPCETKILITEPIH )KOHE KAIIBIPAK BETIHIH AYJIAHBIH " KAKCAPTY YLIIH
MUHEPAJIAbI ’KOHE OPTAHUKAJIBIK BUOCTUMYJATOPJIAPAbBI KOJIJAHY

Anoamna

Ka3akcTaHHBIH OHTYCTIK-LIBIFBICBIHIAFBl KYpPFaK KIMMaT I€H cyapy KaKeTTUIIMeH
CUNATTAJIATBIH JKarjainapga Oak IIapyalllbUTBIFBIHAA OPTAHUKAJIBIK OHOJIOTHSIIBIK OeJCeH Il
npenapaTTapbl KoJgaHy Oojaniarsl 30p OarbIT Oombin TadbuIaAbl. by makanana Arpodnopun, Al
Karal xone buocok Energy muttoc npenaparrapeiabiy ['onaen Jlenuiiec cOpThIHBIH alMa araliblHa
OMOMETPHSIIBIK KOPCETKIIITEPre 9CepiH 3epTTey HOTHXKeNepl KeNnTipiiareH. 3epTrey/ie Heri3ri Hazap
OCIHUIEp Y3BIHIBIFBIHBIH, OYTaKTapJblH IUaMETPiHIH, >Kamblpak O€TIHIH ayJdaHbIHBIH JKOHE
ecIMIIKTepAiH 6acka f1a MOp(}OIOTUsIIBIK OeNrijepiHiH KaabllTacyblHa ayAapblIbl.

byn 3epTreyaiH FbUIBIMM KaHAJIBIFBl — TONBIPAK MUKPOOPraHU3MJEPIHIH OeJICEeHUIIrH
apTTBIPATBIH OPraHUKAIBIK THIHAMTKBIIITAD MEH OHoIpenaparTapibl KOJJAaHY TEXHOJOTHSCHIH
a3ipyeyae Oonbin TabbLIaabl. byl MHKpoopraHuU3MIep TOINbIpaKTarbl OMOJIOTHUSIIBIK YAEpicTepal
perTen, ecCiMIIKTep IiH TaMbIp JKyHecl apKbUIbl KOPEKTIK 3aTTap bl TUIM/II CIHIpYIHE BIKIAJT €Tel.

Omnrtycrik-mblFplc Ka3zakcTaHHBIH CyapMalibl alllbIK KOHBIP TONBIpAKTapblHIA >KYPri3uireH
TOXKIpUOETIK 3epTTeyiep OpraHUKaJIbIK THIHAUTKBIIITAp MEH Ouomnpenaparrap/siH, acipece «bruoCoxk
Energy Plus», Arpodunopun xoHe Alkaral mnpenmapaTTapblHblH, Maijgansl  TONBIPAK
MHUKPOOPraHU3MJEPiHIH  TIPIIIIK OEJICEHIUIrH  apTThIPBIN, OCIMAIKTEPAIH KOPEKTEHYIH
KaKCapTaThIHBIH KOPCETTI.

Tonbipak MUKpOOpraHU3M/JIEpl OpraHUKaIbIK 3aTTap/Abl MUHEPAIIAaH/IbIPY XKOHE KOMIPTEK MeH
a30TTHI TaiJalaHa OTBIPHIN, JKACYIIAJIBIK aKybI3apIbl CHHTE3ACY YICpICiHAEe MaHBI3IBI PO
aTKapaabl. AKTHHOMHUIETTEP, 3€H CaHbIpayKyJIaKTapbl jKoHEe OakTepusuiap CeKii MHUKpoOTap
TOTTaphl OPTraHUKAJIBIK 3aTTAP/IbI BIIBIPATY APKBUTBI TOTBIPAKTAFBI 30T KOPBIH TOJIBIKTRIpanbl. Omap
YILIiH a30TTHIH HET13r1 K631 — T€3 epUTIH a30T KOCBUIBICTAPHI, OYJ1 OpraHUKaJIBbIK THIHAUTKBIIITAp MEH
OuonpenapaTTapbl €HI13y apKblIbl KAMTaMachl3 €TUIE].

3eprrey HoTmxkecinae, ocipece buoCox Energy Plus men ArpodiopuH opraHukaibk
THIHAWTKBIIITAPBIHBIH, aMMOHU(HKAIMSIIAYIIEI OaKTepHsiiap, TCEBIOMOHAITAD, aMIIOIUTHKAIIBIK
OakTepusiap *KoHEe MUKPOMHIIETTEp (DIOpAChIHBIH CaHbIHA OH ocep €TETiHI aHBbIKTanabl. byn e3
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KE3eTiHJe aJlMa aFallTapbIHBIH TaMbIp KYWECIHIH KOPEKTEHYIH >KaKCAPTHIN, OJApPJbIH JKaJIIbI
(U3NONOTHSIIBIK JKaFJaibIH KYLIeHTe .

Kinm ce30ep: anmva aramipl, Ouorpernaparrap, KambIpak OeTi, OHOMETpHs, OpPraHHKAIIbIK
erinminik, lomnen Jlenumec, KazakcTaHHBIH OHTYCTIK-IITBIFBICHI.
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MNPUMEHEHUWE MUHEPAJIBHBIX U OPTAHUYECKUX BUOCTUMYJIATOPOB
JIJISA YIIYUIIEHASA MTOKA3ATEJIEM POCTA M IIOIIA U JIUCTOBOM

MNOBEPXHOCTHU B ABJIOHEBBIX CAIAX IOI'O-BOCTOYHOI'O KA3AXCTAHA

Annomauusn

B ycnoBusix roro-ocroka Kazaxcrana, XapaKTepH3YyIOIIUXCS 3aCylUIMBBIM KIMMAaTOM U
HEO0OXOIMMOCTBIO OPOIICHHSI, UCIIOJIb30BAHNE OPTAHUICCKUX OMOJIOTUICCKH aKTUBHBIX TPENapaToB
B CaJOBOJICTBE IMPEACTaBIsET COOOM MEepCrneKTHBHOE HampaBlieHue. B craThe MpencTaBiIeHbI
pe3yJbTaThl UCCIECIOBAaHMs BIUsHUS npenapaToB Arpoduopun, Al Karal u buocok Energy miroc Ha
OouomMeTrpuueckue mnokazarenu s01oHu copta ['onmen Jlenmmec. OCHOBHOE BHUMaHUE YIEIECHO
(OpPMUPOBAHUIO JUIMHBI TIOOETOB, TUAMETPa BETBEH, TUIOIMIAIN JHCTOBON MOBEPXHOCTH U JIPYTHM
Mop(ooruueckum Mpu3HakaM pacTeHUH.

Hayunass HOBW3HA JAaHHOTO WCCIEAOBAHUS 3aKJIIOYAeTCs B pa3pabOTKe TEXHOJOTUHU
MPUMEHEHHUSI OpPraHMYecKUX yIOoOpeHWil U OHOoIpemnapaToB, CHOCOOCTBYIOIIUX aKTHBHOCTU
MMOYBEHHBIX MHKPOOPTaHU3MOB. JTH MHKPOOPTAHHU3MBI PETYIHPYIOT OMOJOTHYCCKUE MPOIECCHl B
MOYBE U yIyYIIalOT YCBOCHHE MUTATEIbHBIX BEIIECTB KOPHEBBIMU CUCTEMAMU PACTCHHIA.

DKCIIepUMEHTAIBHBIC HUCCIICAOBAHMS, TPOBEACHHBIE B YCIOBHUSAX OPOIIAEMBIX CBETJIO-
KallITAHOBBIX IOYB IOro-BocToka Kazaxcrana, mnoka3anw, 4YTO OpTraHUYECKUE YIOOpEeHUS U
ouonpenapatsl, ocodeHHO «buoCox Energy Plus», Arpodmopun u Alkaral, crumynupyrot
KHU3HECATEIHOCTD MOJIE3HBIX MTOYBEHHBIX MUKPOOPTAHU3MOB H YIYUIIAIOT TUTAHUE PACTCHUH.

[TouBeHHBIE MUKPOOPTaHW3MBI WTPAIOT KIFOYECBYIO POJIb B MHHEPAIH3AINH OPTaHHYECKUX
BEIIECTB M CHHTE3€ KJIETOUHBIX OEJIKOB C HCIIOJIb30BAHUEM YIiiepoja U a3oTa. Takue MUKpOOHbBIE
TPYIIBI, KaK aKTHHOMUIIETBI, TUIECHEBBIC TPUOBI U OAKTEPUH, CITIOCOOCTBYIOT ITOTIOJTHEHHIO a30Ta B
MOYBE 3a CUET Pa3NIOKEHUs OpPraHUYECKHX BellecTB. B kauecTBe MCTOUHMKA a30Ta OHHU B MEPBYIO
ouepeb HYXKIAIOTCI B  JIETKOPACTBOPUMBIX  a30TCOACPXKAIMUX  COCIUHEHUSX, KOTOPHIE
o0ecrneunBaroTCs 3a CUET MPUMEHEHUS! OPraHUYeCKUX yI00peHuit 1 OuomnpenapaTos.

HccnenoBanue yCTaHOBWIIO TOJIOKUTEIBHOE BIUSHUE OPTraHUYECKHX YIOOpEeHUH, 0COOCHHO
buoCok Energy Plus u Arpoduopuna, Ha 4YHCIEHHOCTh aMMOHU(DUIUPYIOIUX OaKTepHid,
TICEBJIOMOHA/I, aMIIOJIMTHYECKUX OAKTEPH 1 MUKPOMHUIIETHOU (DJIOPHI B TTOUBAX sIOJJIOHEBBIX CaJIOB.
3T0, B CBOIO 04€pE/ib, CIOCOOCTBYET TyUIIEeMY MUTAHUIO KOPHEBOW CUCTEMBI U YIYUIICHUIO 00IIEro
(bU3HOIOTrMYECKOr0 COCTOSTHUS SI0JIOHbD.

Kntouesvle cnoea: s0noHs, Ouompenaparbl, JUCTOBas IOBEPXHOCTb, OHOMETpHS,
opranuyeckoe 3emiueznenue, ['onnen Jlenumec, roro-soctok Kazaxcrana.
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