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Abstract. In modern agriculture, optimising the use of fertilisers is a key factor in enhancing cucumber yields.
Manure, as a traditional organic fertiliser, alongside modern agronomic inputs such as mineral fertilisers and
nanohumic substances, plays an important role in supplying plants with essential nutrients. This study aimed
to conduct a comparative analysis of the effectiveness of traditional organic fertiliser (manure) when applied
alone and in combination with nanohumic substance and mineral fertilisers on cucumber crops under greenhouse
conditions. Such a comparison made it possible to determine optimal fertilisation strategies to achieve maximum
cucumber yields. The research was carried out in greenhouse conditions using the cucumber hybrid Absolut.
Various combinations of fertilisers, including manure, mineral fertilisers, and nanohumic substances, were applied
during the experiment, followed by an analysis of their effects on yield and fruit quality. A positive influence of the
full range of fertilisers — both mineral and manure, whether applied individually or in combination with nanohumic
substance - on the productivity of cucumber plants were established.A particularly significant increase in cucumber
yield was observed following the application of manure, although the average fruit weight was lower compared to
the use of mineral fertilisers. However, the number of fruits per square metre significantly exceeded that recorded
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with mineral fertilisers, resulting in a higher overall yield. Thus, the application of mineral fertilisers increased
cucumber vyield to 14.88 kg per square metre, which was double the control value. When manure was used, the
yield rose to 16.38 kg per square metre, representing a 10.08% increase compared with mineral fertilisers and a
2.2-fold increase over the control. The results of this study may be used by greenhouse operations and farmers to
optimise cucumber fertilisation systems, thereby improving both yield and product quality

Keywords: greenhouse cultivation; organic fertiliser; mineral fertiliser; nanohumic substance; cucumber

productivity; yield structure; fruit weight

Introduction

In modern agriculture, particularly in the context of
finite resources and increasing demand for vegetable
produce, optimising fertiliser application is a pivot-
al factor in enhancing crop yields. Among the diverse
range of fertilisers, considerable attention is given to
both traditional organic fertilisers, such as manure, and
modern agrotechnical agents, including mineral fertil-
isers and nanohumic substances. Manure, as a widely
utilised organic amendment, is recognised for its ben-
eficial properties, such as improving soil structure and
supplying plants with essential nutrients. However, its
efficacy can fluctuate depending on cultivation condi-
tions and its combination with other fertilisers. Mineral
fertilisers, conversely, provide plants with readily avail-
able macro- and micronutrients, thereby promoting
rapid growth and development (Kravchenko & Byko-
va, 2023). Nevertheless, as highlighted by L. Skivka &
S. Hudz (2021), their excessive application can lead to
detrimental environmental consequences and nega-
tively impact production quality.

One promising avenue for improving ecological
farming technology lies in the application of a group
of natural, high-molecular-weight substances of the
humate type, which exhibit high physiological activi-
ty. As noted by A. Maffia et al. (2025), nanohumic sub-
stances, as relatively novel agrotechnical agents, pos-
sess the potential to enhance fertiliser use efficiency
and improve plant growth by stimulating physiological
processes. Nanohumic substances are colloidal parti-
cles produced through physical or chemical treatment
of humic substances (Verma et al., 2022). Technologies
based on physical methods of nanoparticle production
are considered the safest (Ayenew et al., 2025). Primar-
ily, nanohumic substances increase the activity of bio-
chemical processes in plants, particularly stimulating
root system development. This simultaneously enhanc-
es the permeability of cell walls, facilitating the expan-
sion of cell membrane size for the uptake of ions neces-
sary for root growth and development, and activates the
enzyme systems responsible for this process. It is also
believed that humic substances act not only on plants
but also exert a significant positive effect on the soil,
improving its structure, denaturing particles, dissolving
calcium and magnesium carbonate minerals (which are
abundant in these soils), phosphate, and other sparing-
ly soluble salts. This increases agrophysical properties

(such as porosity, water-air, and thermal regimes), par-
ticipates in adsorption processes, and stimulates the
activity of beneficial soil microorganisms.

In the context of modern agriculture in the Kyrgyz
Republic, where cucumbers are a significant vegetable
crop, optimising fertilisation regimes to enhance their
productivity is of particular importance. Consequent-
ly, investigating the influence of novel agrotechnical
agents, such as nanohumic substances, on cucumber
yields represents a pertinent research objective (Se-
livanova, 2013).As one of the most popular greenhouse
crops,cucumbers necessitate optimal nutrient provision
to achieve high yields and quality produce. Therefore,
examining the impact of various types of fertilisers,
including manure, mineral fertilisers, and nanohumic
substances, on cucumber productivity is a relevant task.
Contemporary studies, such as the research by D. Kho-
miakov et al. (2020), indicate that the combined applica-
tion of organic and mineral fertilisers can exert a syn-
ergistic effect, contributing to increased cucumber yield
and quality. For instance, research demonstrates that
using manure in conjunction with mineral fertilisers
can ameliorate soil structure and furnish plants with es-
sential nutrients, leading to enhanced yields (Kireev et
al., 2010). Concurrently, as A. Emelyanova & A. Novik-
ova (2022) observe, the deployment of nanoparticles
can help improve fertiliser use efficiency and stimulate
plant growth by promoting physiological processes.

In greenhouse cucumber production, alongside ad-
herence to cultivation techniques, optimal soil water-air
balance, and pest and disease control, significant im-
portance is placed on establishing optimal nutrient lev-
els. This is because insufficient light during the colder
months necessitates enhanced nutrient provision to the
cucumber root system. Simultaneously, creating condi-
tions that facilitate accelerated metabolic processes
within the plant, through the application of physiolog-
ical or biological growth and development stimulants,
is equally crucial (Derevyanchenko et al., 2023). In Kyr-
gyzstan, preparations derived from processing brown
coal from the KaraKeche deposits in the Naryn Region
have become widely used on field crops for this pur-
pose. While the application technology for many field
crops has been reasonably well-established, this process
has not yet significantly extended to vegetable crops,
particularly those grown under protected cultivation.
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Despite a considerable body of research dedicated
to investigating the influence of fertilisers on cucumber
productivity,a need persists for further studies to deter-
mine optimal fertilisation strategies, especially within
the context of greenhouse cultivation. Specifically, it is
necessary to examine the impact of combining manure
with nanohumic substances on cucumber productivi-
ty and to ascertain the optimal ratios of organic and
mineral fertilisers for achieving maximum vyield and
produce quality. Accordingly, this study aimed to inves-
tigate the effect of various types of fertilisers, including
manure, mineral fertilisers, and nanohumic substances,
on cucumber productivity under greenhouse conditions.

Materials and Methods

The experiments were conducted during 2023-2024 in
the collection nursery greenhouse at the Kyrgyz Na-
tional Agrarian University, which features state-of-the-
art technological and structural designs in this field.
The project was provided by Korean specialists. The
total area of the greenhouse is 240 m?, with a usa-
ble area of 192.5 m2 The facility comprises three sec-
tions; the first block houses the control equipment - a
temperature control panel for the greenhouse, that
operates around the clock. Temperature regulation is
achieved by opening and closing supplementary vents
located on the sides and roof of the greenhouse, which
operate in both manual and automatic modes. Direct
temperature monitoring is carried out using thermom-
eters positioned above and below the soil. These ther-
mometers are connected to the control panel, which,
based on the signals received, automatically activates
devices for supplying either cooled or heated air to the
plant growth and development zones (manual mode
is also available if required). During the colder peri-
od, heat is also supplied through the soil via heating
pipes situated at a depth of 30 cm. The temperature
was maintained at no lower than 15°C-18°C in the soil
and 26°C-28°C in the air during the cold season. The
heating system for the winter period was supplied by a
solid-fuel stove, to which the soil and air heating sys-
tems for the greenhouse were connected.

The second and third sections housed the experi-
mental crops - cucumbers and tomatoes — which con-
stituted the subjects of this study. Each plot measured
3.64 m? (5.2 m in length and 0.7 m in width). The F1
hybrid of the cucumber variety Absolute was used for

the research. Planting was carried out in ordinary grey
soil, with the application of fertilisers at rates of 25 g
nitrogen, 35 g phosphorus, 70 g potassium, and 15 kg
of manure per m?, respectively. The mineral fertilisers
used were ammonium nitrate (34.5% nitrogen), ammo-
phos (10.0% nitrogen and 49.0% phosphorus), and po-
tassium chloride (60.0% potassium oxide), along with
fresh manure having standard nitrogen, phosphorus,
and potassium content and a moisture level of 78.0%
(Borisov, 1978). Prior to commencing the experiment,
all necessary preparatory work for cultivating vege-
tables in protected conditions was conducted follow-
ing established protocols, including soil and seedling
preparation, disinfection, etc. Seedlings were plant-
ed using a string guide in a two-row scheme, with a
distance of 50 cm between rows and 40 cm between
plants within a row, resulting in a bed width of 90 cm.
Harvesting was performed in the morning, three times
per week, with fruits being weighed on electronic
scales and their quantity simultaneously counted for
each experimental treatment.

In Kyrgyzstan, the use of various humate derivatives
is prevalent, with sodium humates (such as Kyrgyz-Gu-
mat, Nanogumus, Bioplant Flora, etc.) being the most
frequently employed in practice. Among these is an in-
novative preparation, “Nanogumate”, produced by OJSC
Union Group, Kyrgyz Republic. This product is based on
the comminution of humic substances into molecular
fragments as small as 45 nm. This specific preparation
was provided to the researchers by the Cabinet of Min-
isters of the Kyrgyz Republic and the Ministry of Water
Resources, Agriculture, and Processing Industry for test-
ing on cucumber crops under protected cultivation con-
ditions. This particular product is obtained by crushing
natural humic substances to a molecular nanostructure
of less than 5 nm. Consequently, the resulting humic
nanoparticles are exclusively of natural origin, having
been formed from natural raw material - leonardite,
found within brown coal. The research adhered to the
principles of the Convention on Biological Diversi-
ty 1992) and the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (1973).

Results and Discussion
As evidenced by the experimental results, cucumber
yield varied between 6.67 and 20.28 kg per 1 m? of cul-
tivated area, depending on the treatment (Table 1).

Table 1. Cucumber yield, kg per 1 m? of cultivated area, experiment 1

. .. Increase
Yield by replication ke %
No. Treatment o . B . T O .o . T Q
| 1l : s | 232 | =& g
<>t (@] ] (o] E ks o ] o E 3
1 No fertiliser (control) 7.60 8.91 6.67 7.71 - - 100 -

2 Mineral fertilisers 18.30 14.00 12.34 14.88 7.16 192.35 100

3 Manure 20.28 16.70 | 12.15 16.38 8.66 1.5 212.18 110.08

Source: compiled by the authors
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It was established that improving the nutritional
conditions for cucumbers plays a significant role in en-
hancing crop productivity. Specifically, the application
of a full complement of mineral fertilisers contribut-
ed to an average cucumber yield increase across three
replicates to 14.88 kg per 1 m? of area. This represents
an increase of 7.16 kg/m? over the control, or 192.75%.
An even more notable increase in yield was observed
with the application of manure, where 16.38 kg of
cucumbers were harvested per square metre. This is
8.66 kg or 2.12 times higher than the unfertilised con-
trol plots. This yield also surpasses the mineral fertil-
iser treatment by 10.28%. Consequently, manure serves
as a beneficial nutritional source for cucumber growth

Akhmatbekov et al.

and development when cultivated in field soil (native
soil) as a spring-summer protected crop.

An analysis of the elements contributing to cu-
cumber yield structure provides interesting insights.
These analyses reveal which structural components
primarily contribute to the additional yield observed
with the application of mineral and organic fertilisers.
As shown in Table 2, a significant component of the
yield structure is the weight of individual fruits. The
data indicates that, without fertilisation, the native
soil can produce fruits weighing between 82.87 and
93.76 g. Fertiliser application demonstrably contrib-
uted to a noticeable increase in the weight of each
cucumber fruit.

Table 2. Individual fruit weight, g, experiment 1

. . . ) Increase
Individual fruit weight by replicates
g %

S c S c
No. Treatment EP g g .g § g 2
1 1l g g EE g EE
2 g g8 g ge

é 3 (<) 3

1 No fertiliser (control) 93.76 90.11 82.87 88.91 - 100 -

2 Mineral fertilisers 108.83 109.54 97.21 105.19 16.28 - 118.31 100
3 Manure 103.94 103.16 92.14 99.75 10.84 -5.44 112.19 94.83

Source: compiled by the authors

However, the impact of the fertilisers on this pa-
rameter was not uniform. The greatest increase in indi-
vidual fruit weight was observed with the application of
mineral fertiliser, where the additional weight reached
16.28 g, an increase of 118.31% over the control. In
contrast, while manure increased the weight of individ-
ual cucumbers by 10.84 g, or 112.19%, compared to the
control, this was 5.44 g less than the increase seen with
mineral fertilisers, representing 94.83% of the increase
obtained with the mineral treatment.

Another significant component influencing cucum-
ber yield is the number of fruits harvested per unit
area of the experiment. As shown in Table 3, the fer-
tiliser treatments substantially increased the number
of fruits per plant. While an average of 316 fruits were
formed per unit area over the entire growing season
in the control, the mineral fertiliser treatment yielded
593 standard fruits from the same area. This represents
an increase of 197 fruits, or 162.34%, compared to the
unfertilised treatment.

Table 3. Number of fruits per unit area, pcs, experiment 1

) ) Increase
Number of fruits by replicates
pcs %
No. Treatment go ] . B § .3 . B §
I I T I VT 2 22z 2% 223
Z ] Eg 8 Eg
1 No fertiliser (control) 295 360 293 316 - - 100 -
2 Mineral fertilisers 612 465 462 513 197 - 162.34 100
3 Manure 710 589 480 593 277 80 187.66 115.60

Source: compiled by the authors

At the same time, manure, having resulted in an
average of 596 fruits across all three replicates, sur-
passed mineral fertilisers in this yield component. The
increase in this case was 80 fruits, or 15.50%. Relative
to the control, the additional yield in terms of fruit
number was even more substantial, reaching 280 fruits,
or 88.61%. This indicates that manure, while slightly

inferior to mineral fertilisers in terms of individual fruit
weight, significantly compensated for this by increasing
the number of fruits, thereby contributing to a higher
overall cucumber yield.

The figures for the total number of fruits per unit
area from the experimental plots appear even more dis-
tinct (Table 4). Fertilised plots yielded between 54.12
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and 76.10 more fruits compared to the control area. The
difference in fruit yield between the mineral fertiliser
and manure treatments is quite substantial, reaching

nearly 22 fruits per square metre, which underscores
the advantage of applying manure to cucumbers in
greenhouse operations.

Table 4. Number of fruits per square metre, pcs, experiment 1

5 ) Increase
Number of fruits by replicates
pcs %
I 'I“ K T
No. Treatment EP g g 2 g .QEJ 2
| I 1 5 8 E & g EZ
< g § g g
(e] o o o
1 No fertiliser (control) 81.04 98.90 80.89 86.81 - - 100 -
2 Mineral fertilisers 168.13 127.75 126.92 140.93 54.12 - 162.34 100
3 Manure 195.06 161.81 131.87 162.91 76.10 21.98 187.66 115.60

Source: compiled by the authors

The results of the second experiment, where all
three main treatment variants were combined with a
nanohumic substance, indicated that this physiological
stimulant exerted a discernible positive influence on
cucumber yield formation (Table 5). For instance, while
mineral fertilisers without nanohumic substance in-
creased the yield mass per square metre by 1 kg, repre-
senting 114.7% relative to the control, treatment with
nanohumic substance resulted in an additional yield of
1.40 kg, or 121.2% more than the nanohumic substance
treatment without fertilisers.

Simultaneously, a substantial increase in cu-
cumber productivity was ensured by manure, both in
combination with nanohumic substance and without

it. The increased cucumber yield in the former case
amounted to 5.05 kg/m?, equivalent to 176.5% over
the baseline (presumably the control without fer-
tiliser or nanohumic substance), and 4.40 kg/m?, or
164.2%, in the latter case (manure without nanohu-
mic substance compared to the control without fer-
tiliser or nanohumic substance). Overall, the use of
nanohumic substance proved most effective on native
greenhouse soil when it was fortified with manure
containing macro- and micronutrients, and favoura-
bly influenced the soil’s agrophysical properties. The
adequate supply of carbon dioxide, resulting from the
decomposition of fresh manure, likely played a signif-
icant role in this process.

Table 5. Cucumber yield recording per 1 m? of cultivated area, experiment 2

Increase
Yiel licati
ield by replication T %
No. Treatment & . © < @
| I 1 & 22 $ £
g (SIS (I
< (%] (5]
1 No fertiliser, no nanohumic 6.70 _ 6.67 6.80 _ 100
substance (control)
) No fertiliser with nanohumic 6.55 _ 6.65 6.60 _ 100
substance (control)
3 Mineral fert'.lhsers without 760 3.00 _ 7.80 1.00 114.7
nanohumic substance
4 Mineral fe_rtlllsers with 7.70 8.20 _ 8.00 1.40 121.2
nanohumic substance
5 Manure without nanohumic - 10.50 11.90 11.20 4.40 164.7
substance
6 Manure with nanohumic - 11.20 12.10 11.65 5.05 176.5
substance

Source: compiled by the authors

Pre-planting application of mineral fertilisers at a
dose of N, P K, prior to cultivation ensured max-
imum vyield in the experiment, with an increase of
1.61 kg/m? or 13.3% compared to the control treatment.
A systematic increase in the dose of mineral fertilisers

applied during pre-planting cultivation did not signif-

icantly influence the growth in crop productivity. The
average yield of cucumber fruits under protected cul-
tivation (2021-2022) in the control treatment (without
fertiliser application) was 11.85 kg/m?2. The highest cu-
cumber yield in the experiment was obtained with the

application of N, P, K, mineral fertilisers in spring
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prior to pre-planting cultivation. The yield exceeded
the control treatment by 1.73 kg/m? or 14.6%. The final

= (Control)

Akhmatbekov et al.

data on cucumber yield based on the experimental re-
sults are presented in Figure 1.

Without fertiliser with nanohumic substance (control) 6.55

= Mineral fertilisers with nanohumic substance 7.7

= Manure without nanohumic substance -

Figure 1. Cucumber yield with the use of mineral fertilisers

Source: compiled by the authors

As A. Kuramshin (2011) posits, the substrate is a
significant factor that largely determines the yield of
vegetable crops. Various types of substrates are used in
protected cultivation, including perlite, peat, rock wool,
expanded clay aggregate, and others. When selecting a
substrate, facility managers consider its cost, delivery
expenses, and disposal requirements. In practice, us-
ing a questionable substrate without knowledge of its
physicochemical properties or intended use, and with-
out guidance on working with it, leads to operational
difficulties (Autko, 2007). This often results in reduced
yield or plant death. According to A. Kuramshin (2011),
cultivating cucumbers under protected conditions, facil-
itates the production of ecologically safe produce: the
heavy metal content in the produce for individual ele-
ments is more than 10 times below the maximum per-
missible concentration, and nitrates are up to 2.5 times
lower. When growing cucumber plants in the third light
zone during the winter-spring period in a greenhouse,
it is recommended to apply organo-mineral fertiliser
at a base rate of 1,250 kg/ha (N,,P,.K,.) in conjunction
with simple mineral fertilisers (N, P,,.K,;,) to increase
yield and improve fruit quality (Yakovleva, 2003). In
the opinion of R. Bulavintsev (2017), the development
of greenhouse enterprises in the Russian Federation
will facilitate significant import substitution, enhance
the quality and competitiveness of vegetable produce,
and expand the assortment of crops grown under
protected cultivation.

I. Pigorev & N. Dolgopolova (2018) observe that
in greenhouse environments, where agrocenosis is
particularly susceptible to attacks from parasitic my-
cobiota due to the favourable microclimate and lim-
ited range of cultivated plants, the disruption of any
factor contributes to a loss of ecological stability. This,
in turn, leads to plant diseases and reduced yields. To
maintain stability and control the spread of harmful
organisms, it is necessary to implement an integrated
protection system encompassing prophylactic, agro-
technical, breeding and genetic, chemical, and biologi-
cal methods. A. Sergeeva (2020) found that to increase
cucumber yields under protected cultivation and en-
hance produce quality, it is essential to apply complex
feeding regimes combining root and foliar fertiliser
application. This approach can achieve a significant

increase in both yield and the proportion of standard
produce. M. Selivanova et al. (2013) emphasise that
optimising the mineral nutrition of plants, using both
root and foliar feeding and combining mineral and
organic fertilisers, is crucial for increasing cucumber
yields in protected cultivation and meeting consum-
er demand for vegetable produce. They highlight that
despite the effectiveness of individual fertiliser types,
their combined application yields the greatest eco-
nomic benefit, substantially increasing both produc-
tivity and profitability of production.

Conclusions

The experimental results demonstrate the feasibility
of achieving satisfactory yields in the region’s native
soil without the use of imported bulk substrate, pro-
vided there is adequate mineral or organic (manure)
fertilisation for spring-summer cucumber cultivation.
It was established that in field soil, the application
of mineral fertilisers at a rate of 25 g nitrogen, 35 g
phosphorus, and 70 g potassium per square metre re-
sulted in a nearly twofold increase in cucumber yield
compared to the control, reaching 14.88 kg per unit
area. Incorporating manure at a rate of 15 kg per m?
led to a further yield increase of 1.5 kg per square me-
tre compared to the mineral fertiliser treatment. This
represented more than double the yield of the control
and a 10.08% increase over the yield achieved with
mineral fertilisers alone.

In this instance, the crop’s productivity was primar-
ily determined by an 18.31% increase in individual fruit
weight and a 62.34% increase in the number of harvest-
ed fruits. Conversely, in the manure treatment, the main
factor contributing to the increased yield was the num-
ber of harvested cucumbers, which reached 187.66% of
the control yield per m2. This exceeded the yield from
the mineral fertiliser treatment by 80 fruits per plot
or 22 fruits per unit area. Although it should be em-
phasised that the weight of individual fruits here was
10.84 g heavier than the control, it was 5.44 g lighter
than with the mineral fertiliser treatment. As for the
effect of the physiological stimulant - nanohumate -
its application generally had a beneficial influence on
cucumber growth and development, which is evident
from the increased yield observed in conjunction with
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fertilisers. Moreover, this effect was more pronounced  microbial composition and fruit quality under the long-
when manure was used as the primary nutrient source  term application of these fertilisers.
for the cucumbers. Thus, manure can serve as a viable

alternative to mineral fertilisers for introducing organic ' Acknowledgements
farming practices and cultivating cucumbers in green-  None.

house settings, particularly in the native field soils of

the grey soil type prevalent in Kyrgyzstan. For a more Funding

comprehensive understanding of the impact of or- None.

ganic and mineral fertilisers on cucumber yield under

greenhouse conditions, a promising avenue for further Conflict of Interest
research involves investigating the dynamics of soil  None.
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AHHOTauusa. 3aMaHban anbin YapbacbiHLa Xep CEMUPTKUYTEPAM KONLOHYYHY ONTMManAalwTbipyy 6afblpaHabiH
TYLWWYMAYYAYIYH >KOropynaTyyHyH Herusrn daktopy 6onyn caHanat. Cantryy oOpraHuKanblK >Xep CeMUPTKMY
KaTapbl KblK >aHa MUWHepaniblk >Xep CEeMUPTKUYTEP >KaHA HaHOrymaTTap CbisikTyy 3amaHban anbin 4apba
NpoayKUManapbl 6CyMAYKTOPAY KEPEeKTYY a3blkTap MEHEH KaMCbI3 KbllyyAa MaaHuayy poib OMHOMT. byn MIWITUH
MaKCaTbl CaNTTyy OPraHuKasblK Xep CEMUPTKUYTMH (KbIK) ©3YHYe O3, OLOHAOM 3/1e HAHOIyMaT XaHa MUHepanablK
Xep CEeMMPTKMUYTEP MEHEH aWKanbllWTbipbin KOAAOHYYAA KYHOCKaHa lWapTTapbliHAa 6afblpaH, ©CyMAYKTOPYHYH
HaTbIMKaNYynyryH CanblWTbIpbin Tangoo 60nroH. byn canbiwTteipyy 6agpipaniblH MakCUManayy TYWYMAYYAYTyHe
XETYY YUYYH YPYKTaHIAbIPYYHYH ONTUManayy CTpaTermsnapbiH aHbIKTOOrO MYMKYHAYK 6epau. M3ungee Ab6contot
6apblpaH, rMOPUAMHMH XapAaMbl MEHEH KYHBCKaHa LUuapTTapblHAA KYPry3yireH. JKCNEePUMEHTTUH XXYPYLIYHAO
Xep CeMUPTKUUTEPAMH ap KaHAan KOMOMHaUMANapbl, aHblH MYMHAE KbiK, MMHEPANAbIK Xep CEMUPTKMUTEP >KaHa
HaHOryMaTTap KONLOHYNyN, aHAaH KUMWH anapiblH MEMe-KeMULITEPAMH TYLLYMAYYYTYHE XaHa canaTbliHa TUATU3reH
TaaCMpUHe Tangoo Xyprysynay. XXep ceMupTkMuTepaAnH BYTKYN KOMMNEKCUHWH — MUHEPabIK )XaHa KbIKTbl ©3YHUYE
YKaHa HaHOTyMaT MEHEH aiKanblWTbipyy — 6afblpaHablH OHAYPYMAYYYTYHE OH TaacMpu aHblKTanraH. bup xemMuwTuH
CanMarbl MUHepanblK Xep CEMUPTKMYTEPre CanbllUTbipManyy a3blpaak 601roHy MeHeH KblK KONAOHYYHYH (GOHYHAa
6apblpakablH TYLWYMAYYYITYHYH ©3rede onyTTyy ecywy 6aikanzbl. BUpoK, MeMe-XeMUWTepanH caHbl 6Mp Yapubl
MeTpre MUHepanbiK XXep CEMUPTKMUTEP MeHEH BONTOH BapuaHTTaH Bup TON aLbin KETTH, aHbIH 3CEOUHEH XXOTropKy
Tywym Ty3ynay. OWeHTUn, MUHepanabik Xep CEMUPTKUUTEPAM KONLOHYY 6afblpaHibliH TYLYMAYYAYIYH OUp yapubl
meTpaeH 14,88 kunorpammra YelinH )Xoropynatrbl, 6yn KOHTPONAYK KEPCOTKYYTOH 3kM 3ce ken. KbikTbl KONLoHYYAa
Tywymayynyk 1 vapubl MetppeH 16,38 kunorpammra uYemmH eckeH, Oyn MUHepanaplk Xep CeMUpTKMYTEpAU
KonpoHyyra kaparaHga 10,08 %ra xkaHa KOHTPONAYK KepCeTKyuTeH 2,2 3cere xoropy. byn MILTUH HaTblikanapbiH
KYHeCKaHa Yapbanapsbl xaHa dhepMepnep 6aabipaHabl XXep CEMUPTKUUTYY CUCTEManapabl ONTUMANAALUTbIPYY YUYH
nanganaHa anbiwat, 6yn NpoAyKLUMAHbIH TYLWYMYH XaHa CanaTbiH XXoropynaraTt

Heruzru cespgep: KyHeCKaHa Yapbachl; OpraHUKasbiK XXep CeMUPTKUY; MUHEPANAbIK XXepP CEMUPTKMY; HAHOIYMaT;
6afblpaHabiH ©HAYPYMAYYAYTY; 6CYMAYK CTPYKTYypachl; canmMak
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AHHOTauusa. B ycnoBMaX COBpPEMEHHOrO CeIbCKOro XO035MCTBA OMTMMM3aLMs UCMNOMb30BaHWUS yao6peHui
ABNAETCS KYEeBbIM (GAKTOPOM A/ NOBbILLEHUS YPOXXANHOCTM OrypLoB. HaBo3, kak TpaaMLMOHHOE OpraHmMyeckoe
ynobpeHue, U COBpPEMEHHbIE arpOTEXHUYECKME CPefCTBa, TakMe KakK MUHepasbHble yAoOpeHus U HaAHOryMmaTsbl,
UrpalT BaXKHYK po/b B 0becneyeHun pacTeHuit HeobXoAMMbIMU NMUTaTeNbHbIMU BellecTBamMu. Llenbio paHHOM
paboTbl OblT CpaBHUTENbHBIVM aHaNM3 3QMEKTUBHOCTU TPAAULMOHHOIO OpraHMYyeckoro yaobpeHus (HaBosa) npu
€ro UCMonb30BaHMM KaK OTAENbHO, TaK M B COYETAHMUU C HAHOTYMATOM M MUHEPANIbHbIMU Y0OPEHUAMU HA NOCEBAX
OrypLOB B YCNOBMUSIX TEMIIMYHOIO XO3GWCTBOBAHMS. Takoe CpaBHEHME MO3BOJAMIO OMpefeNiuTb ONTUManbHbIE
cTpaterMn ynobpeHus ons [OCTUXKEHMS MaKCMManbHOM YPOXaMHOCTM orypuoB. MccnefoBaHwe npoBOAMIOCH
B TEMIMYHBIX YC/IOBUAX C UCMONb30BaHWEM rnbpuaa orypua Abcontot. B xone skcnepvMeHTa MPUMEHSIUCH
pa3fiMyHble KOMOMHALMK yaoOpeHuiA, BKNOYas HaBO3, MUHepasbHble yA0OpeHUsa U HaHOrymaTbl, C NOCNeAYWUM
aHANN30M UX BAUSIHWS HA YPOXKAMHOCTb M Ka4eCTBO NA0A0B. YCTAHOB/IEHO NMONOXUTENbHOE BIMSIHUE BCEro Habopa
yA0OpeHUit — Kak MUHepasbHbIX, TaK M HABO3a B OTAENbHOCTU U B COYETAHUM UX C HAHOTYMATOM — Ha NPOAYKTUBHbIE
nokasatenu orypua. OcobeHHO CyLeCTBEHHbIV POCT ypoXas orypLoB Habnoaancs Ha GoHe NpMMEHEHUs HaBo3a,
XO0T Macca OAHOro Mnoja npu 3TOM Oblla MeHblue MO CPaBHEHWUKO C MUHepanbHbiMK yaobpeHusamu. OgHako
KOJIMYECTBO NIOAO0B HA KBAZPATHbIM METp CYLLECTBEHHO MPEBbIWAN0 BapUaHT C MUHEPAbHbIMU YA0OpEHUIMHU,
3a cyeT yero opmupoBanca bonee BbICOKMI ypoxal. Tak, MpUMEHeHMEe MUHepanbHbIX YA0OpeHui yBENNUYUIO
ypoxai orypuoB no 14,88 kr Ha KBagpaTHbIA METP, YTO B ABA pa3a MpeBbICMIO KOHTPO/bHbIMA NokasaTenb. [pu
MCMONb30BaHMM HaBO3a YPOXAMHOCTb Bo3pocna Ao 16,38 kr Ha kBagpaTHbii MeTp, uTo Ha 10,08 % Gonblue, yem
npu UCMNOJIb30BAHMU MUHEPAbHbIX YA0OpeHUI, 1 B 2,2 pa3a Bbllle KOHTPObHOro nokasartens. PesynbTatbl aHHON
paboTbl MOTYT BbITb UCMONBb30BAHbI TEMMYHBIMK X039MCTBAMU M PepMepamMu AN ONTUMU3ALUKN CUCTEM ya00peHus
OrypLOB, YTO MNO3BOJIUT NMOBLICUTb YPOXKAMHOCTb U KAYeCTBO NPOAYKLMM

KnioueBble cnoBa: TeninyHoe X035MCTBO; opraHu4yeckoe y,u,o6peHV|e; MUWHEpPanbHOE y,u,06peHl/|e; HaHOryMmar,
NPOAYKTUBHOCTb OrypLa; CTPYKTypa ypoXKad; Macca
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