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ABSTRACT
This article shows the importance of vermicompost when growing cucumbers in
greenhouse conditions. In particular, it was noted that biohumus is significantly
superior to traditional components widely used in seedling cultivation in terms of
the amount of nutrients and other indicators. In the course of the research, the
results of an agrochemical analysis of the initial soil mixture, the composition of
manure and biohumus for the main nutrients before the start of the experiment
were obtained: an average three-year increase in nutrients in the substrate (soil-
wood shavings) indicators was revealed. The pH value is 7.08, the density of the
mixture is 0.43 g/cm3. The smallest amount of nutrients (NPK) in mixtures by
options (N-83.8 mg/1, NH4-9.9 mg/], NO3-73.8 mg/1, P.05-11.7 mg/1, K20- 122.9 mg/I,
MgO -21.8 mg/], Ca0-57.3 mg/1.) NH4-73.5 mg/], NO3-532.6 mg/1). 1, P>05-61.3 mg/I,
K:0-773.5 mg/1, Mg0-84.7 mg/1, Ca0-126.0 mg/1.) corresponds to the variant using
100% biohumus. The ratio of nutrients in this option is N-7.2, NH4 -7.4,NO3-7.2, P»0s
-5.2, respectively; K;0-6.3, Mg0-3.9, Ca0-2.2 were equal. According to different
options, a change in the average density of the substrate in 2019-2021 was
established. within 0.21-0.50 g/cm3, depending on the amount of applied biohumus.
It shows that changing the amount of vermicompost in the substrate does not
significantly affect the pH of the substrate. In this research work, the effect of
biohumus on the agrochemical properties of the soil, fertility and productivity of
cucumbers in greenhouse conditions is studied. Since biohumus stores a large
amount of nutrients, when added to the soil, it changes the amount of nutrients in
the soil. Since biohumus contains trace elements and humic acids, it has an effect of
enhancing plant development in cucumber cultivation. Greenhouse soil treated
with mineral fertilizer was used as a control option in the experiment. The amount
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of mineral fertilizer applied to the soil in different years was determined based on
the level of nutrient supply of the greenhouse soil as a result of agrochemical
analysis. For all options, the plant was fed with the specified amount of mineral and
organic fertilizer every 30 days. Application of mineral fertilizers was carried out
in two stages. The amount of mineral fertilizers calculated on the basis of the
chemical analysis of the soil carried out in the first stage was added. In the second
stage, a certain amount of organic fertilizer-biohumus was added according to
different options. The mineral fertilizer used in feeding is the same in all options:
nitrogen 29 mg/kg (or 7.5 g/m2), phosphorus (P:0s5) 19.5 mg/kg (or 5.0 g/m?2) and
potassium (in terms of K;0) was equal to 23.5 mg/kg (or 6.0 g/m2?). Mineral
fertilizers were given in the form of ammonium nitrate (22.0 kg/ha), double
superphosphate (25 kg/ha) and potassium chloride (11 kg/ha). Comparing the
amount of NPK determined after feeding for each option with the amount of NPK
before feeding in these options shows the increase in the amount of nutrients in
2019-2021: N-1.2-1.7; P-1.2-2.0; It shows that K-1.2-2.3 times. This mainly
corresponded to options 5-8, where feeding with biohumus in the amount of 1.0
kg/m?2 was carried out in several stages. According to option 5th, the amount of
nitrogen in the soil increased from 50 mg/kg to 90 mg/kg, the amount of
phosphorus from 53 mg/kg to 101 mg/kg, and the amount of potassium from 49
mg/kg to 66 mg/kg was observed in the 3rd year. In option 9th, where 4.0 kg/m?2 of
biohumus was used under the plow, at the end of the experiment, the amount of
NPK in the soil of the experimental plot decreased from the optimum. At the end of
the experiment, a significant decrease in NPK was observed in the soil of the site
where manure was used at the rate of 2 kg/m? for feeding. As a result of intensive
use of the soil in greenhouse conditions, it was observed that the amount of mineral
substances necessary for the development of the plant, especially micro- and
macroelements in the mobile form, in the soil of the control option, where only
mineral fertilizer was used, was significantly reduced. Usually, in such cases, it is
required to use high-quality mineral fertilizers and other chemical compounds in
order to obtain a high yield under closed soil conditions. As a result, an excess
amount of harmful chemicals accumulates in the crop. The use of biohumus during
feeding prevents such unpleasant situations. Nutrients in the 10th variant with a
biohumus content of 90% are more than the number of nutrients in the 5th variant
(40% biohumus content): nitrogen-2.13, phosphorus-1.96, potassium-2.06,
magnesium-1.82 and Ca-1.45 times higher. A low rate for nitrogen was observed in
the second year of the experiment, and for phosphorus and magnesium in the first
year of the experiment. The highest level of potassium and calcium corresponded
to the 3rd year of the experience (2021). It is noted that the values of these
elements, determined by the composition of the substrate in the 1st-2nd years of
the experiment, do not differ sharply from each other. According to the results of
agrochemical analysis, the amount of nutrients in the substrate reaches optimal
values in initial mixtures containing 30-50% biohumus. Thus, the dynamics of
changes in the amount of nitrogen in the substrate when growing cucumber
seedlings corresponds to a change in the amount of vermicompost in the mixture,
the amount of vermicompost up to 50%, total nitrogen in the mobile form and its N-
NH4, which is consumed at later stages of plant development, and the amount of N
forms. -NO;3 increases. In the following concentrations of vermicompost, the amount
of useful nitrogen decreases with an increase in the next time from the day of
sowing. The value of the total consumption of phosphorus and potassium in the
substrate, corresponding to the period of full development of seedlings, is in the
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range of 8.0-14.7 mg/l for phosphorus and 45.0-136.1 mg/l for potassium.
observed. The use of vermicompost when growing cucumber seedlings stabilizes
the agrochemical parameters of the soil in greenhouse conditions, reduces the
seedling maturation period, and increases the plant’s resistance to fungal diseases.
The influence of the amount of heavy metals in the mixture used for growing
biohumus was also studied. In the control variant, prepared from a mixture of soil
and wood chips in a 1:1 ratio with the use of mineral fertilizers, the mixture
containing lead (6.11 mg/kg) and zinc (23.00 mg/kg) appears to be slightly
contaminated. The soil is rich in cadmium (0.30 mg/kg) and copper (2.96 mg/kg)
and poor in cobalt (0.50 mg/kg) and nickel (0.87 mg/kg), which corresponds to the
gradation with average values.

Keywords: organic agriculture, cucumber, greenhouse, mineral substances and fertilizer,
biohumus, heavy metals.

INTRODUCTION
The preparation of seedlings is an important element in the technology of growing cucumbers
in greenhouse conditions, and the yield directly depends on the quality of the seedlings
[Nagajyoti et al., 2010]. Currently, all farms are mainly adapted to growing seedlings in local
conditions [Yruela, 2005].

Therefore, the development of the quantity and application scheme of new fertilizers used in
growing seedlings for different regions is a necessary part of advanced technologies. In the
greenhouses of Uzbekistan, a mixture of gray earth, wood chips (sawdust) and manure
(substrate) with good moisture retention and high air permeability is widely used.

In the greenhouse conditions of the Kashkadarya region, the substrate consists of these
components, and its composition (the amount of nutrients and pH) is optimized taking into
account the requirements of the grown product.

[tis known that the cucumber seedling has relatively weakly developed veins, adapted to obtain
the necessary nutrients from the soil rich in organic fertilizers. For this reason, growing
cucumber seedlings in greenhouses requires nutrient-rich organic fertilizers. Among such
organic fertilizers, an important place is occupied by biohumus, rich in humic acids (from 5.6
to 17.6% of dry matter).

In terms of the amount of nutrients and other indicators, vermicompost significantly exceeds
the traditional components widely used in growing seedlings.

[t should be noted that studies aimed at choosing the optimal substrate parameters for growing
cucumber seedlings in a mixture of gray soil and wood shavings using biohumus are not
enough. In addition, the effect of biohumus on the agrochemical properties of the substrate and
the quality of cucumber seedlings in greenhouse conditions has not been sufficiently studied.

Therefore, the development of scientifically based methods for the use of biohumus in the
cultivation of seedlings of cucumbers in the conditions of greenhouse farms in our republic is
one of the most important urgent tasks.

Services for Science and Education - United Kingdom 752



Eshkobilov, S. A., Abdikholikova, F. N., Kuchkarova, D. X., & Khujamshukurov, N. A. (2023). Cultivation of Cucumbers in Greenhouse Conditions: No
Chemical Pollution. European Journal of Applied Sciences, Vol - 11(3). 750-792.

Cucumber is the largest cultivated vegetable in the world and has become one of the main
agricultural crops in recent years as a result of the reduction of fertile land and the increase of
soil and water salinity [Liu et al., 2020; Naglaa Taha et al., 2020]. Cucumber (Cucumis sativus
L.) is an important vegetable crop belonging to the Cucurbitaceace family and has a
chromosome number of 2n=14 [Janapriya et al., 2010, Krug et al., 2002, Kubota et al., 2013].

Cucumber is grown in large quantities in South Asia, especially in the hot and humid climate of
the Himalayas in Northwest India, and in countries located in North Africa. The climatic
conditions of these countries correspond to the productivity requirements of cultivation with
high temperature, humidity and light intensity with sufficient amount of water and nutrients.
Cucumber cultivation in India dates back to 3000 BC, and in China 100 BC [Arunabha Pal et al,,
2020].

Cucumber is considered the most cultivated plant in greenhouses in the world [Sharma et al.,
2018, Singh, 2005, Bairagi et al.,, 2013, Egel, 2015, Fernandes et al., 2002], the growth and
development of cucumber in the process of cultivation in greenhouses, its physiology, It is
characterized by the fact that a lot of scientific and research work has been carried out on the
biochemistry and factors affecting productivity [Sharma et al., 2018, Savvas et al., 2013].

However, in scientific sources, there are insufficient research studies on the effect of biohumus
on the migration of heavy metals during the cultivation of cucumbers in greenhouses and the
mobility of nitrates in cucumber fruits [Khujamshukurov et al., 2022 a,b].

Therefore, in this research work, the effect of biohumus on the agrochemical properties of the
soil, fertility and productivity of cucumbers in greenhouse conditions is studied.

MATERIALS AND METHODS
At this stage of the work, the influence of organic fertilizer, biohumus on the agrochemical
parameters of the substrate in greenhouse conditions, the growth and development of
cucumber seedlings when growing cucumber seedlings "Avicena" F1 in greenhouse conditions
were determined.

The studies used the existing technology, widely used in practice, differing in the experimental
scheme. In the experiments carried out using this technology, the application of mineral
fertilizers to the substrate was carried out two weeks before its laying to the chickens.

The addition of an appropriate amount of vermicompost was done before putting it into the
pond. Cucumber seeds were washed in a 1% KMnOa solution for 1 h in cold running water and
then kept in a dilute (1:50 ratio) Na3POs solution for 1 day. By the time of sowing, most of the
germinated seeds were planted in 500 ml pots. Seedlings were planted at a density of 45
seedlings per square meter and covered with a light-transmitting polyethylene film until
germination. During germination of seedlings, the temperature was maintained within 25-
28°C. As soon as the seedlings began to germinate, the film was removed and the temperature
was reduced to 22-24°C. During the first three days, the place where the seedling stood was
additionally illuminated (this stage of the technology is necessary in conditions of low solar
radiation in winter).
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On other days, it was illuminated for 12-16 hours, and the illumination level of the experimental
area was 4-5 thousand lux. At night, the air temperature was maintained at the level of 19-20°C.
The seedling was transferred to a permanent place in the greenhouse after 30 days.

The quality of cucumber seedlings greatly affects its subsequent productivity. According to the
work of Geisler T. et al. [1979], its indicators before planting should be of average size: height
20-25 cm, number of true leaves 4-5, egg thickness up to 3-5 cm. 5 cm, and total weight up to
20-30 grams. The veins should be white and free from various diseases.

The collected soil samples were mixed thoroughly to form the greenhouse soil average, and
thereafter was air-dried, sieved (< 2 mm) and stored in paper bags until analysis. The following
parameters of soil chemical properties were subject of analysis: soil reaction (soil pH), content
of organic matter (OM), content of available forms of phosphorus (available P) and potassium
(available K), and content of total and available forms of Cu, Zn, Mn, and Fe. Soil pH was
determined by pH meter in 1:2.5 (v/v) suspensions of soil in water (pH H20) and ina 1 M KCl
solution (pH KCl) according to ISO 10390 method (ISO, 2005). OM was determined by chromic
acid digestion method [[Senad Murti¢ et al., 2019., ISO, 1998], available forms of phosphorus
and potassium by ammonium lactate method ([Senad Murti¢ et al., 2019. Egner et al., 1960],
and the total and available forms of Cu, Zn, Mn and Fe by atomic absorption spectrophotometry
according to the instructions specified in the ISO 11047 method [ISO, 1998]. To facilitate the
reading of the article, the scheme of experiments is fully described in the section devoted to the
results obtained and their discussion.

RESULTS AND DISCUSSION

The effect of biohumus on the agrochemical properties of the soil when growing seedlings.It is
known that cucumber seedlings grow rapidly and develop in a short period of time. This, in
turn, requires the proper supply of soil with sufficient nutrients (N, P, K, Mg, Ca, trace elements).
The number of nutrients necessary for the development of cucumber plants in the soil was
determined by N.M. Glunsov [N.M. Glunsov, 1987].

One of the important elements in the development of seedlings of cucumbers is nitrogen. In the
next period of seedling development, it is necessary to reduce the amount of nitrogen in the
soil. This is important to reduce the accumulation of nitrates in the crop.

As established in a number of studies, an increase in the amount of nitrogen supplied to
seedlings at the last stage of their development leads to an increase in the amount of nitrates in
the cucumber crop (Glunsov N.M., 1970, 1987). This situation increases the importance of using
vermicompost when growing seedlings.

Despite the high amount of nitrogen contained in biohumus, its transition to the mobile phase
(prolongation) in accordance with the level of absorption by plants, an excess amount of
organic fertilizer adversely affects the development of plants and the agrochemical state of the
soil.. will result in it not being displayed. Therefore, despite the fact that the amount of nitrogen
in the substrate is quite large when biohumus is used, it does not adversely affect the growth of
cucumber plants and does not cause a sharp change in the salt concentration in the soil.
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At this stage of the work, the possibility of growing seedlings using a ready-made substrate
(soil-wood chips) and biohumus (without mineral fertilizers) was studied.

The results of the agrochemical analysis of the composition of the initial soil mixture, manure
and biohumus for the main nutrients before the start of the experiment are presented in Table
1.

Table 1: Agrochemical characteristics of the initial mixture, manure and biohumus

Amount of nutrients, mg/| Salt .
No year of study pH concentra Density,
N NNs* | NOs | P20s K20 MgO CaO . g/cm3
tion %
Substrate (soil - wood shavings = 1:1)

1 2019 7,02 26,9 | 2,9 24,0 6,6 44,6 10,0 56,0 0,230 0,50

2 2020 7,12 25,2 | 2,6 22,6 6,1 51,3 15,5 50,0 0,200 0,55

3 2021 7,10 28,2 | 3,2 24,9 5,9 54,4 |16,9 53,0 0,180 0,54
Average

4 2019-2021 7,08 26,8 | 2,9 23,8 6,2 50,1 14,1 53,0 0,203 0,53

Manure

5 2019 5,89 (237,4 (32,2 (205,1 |20,6 (129,3 |22,7 17,8 0,515 0,35

6 2020 6,45 [210,6 [28,3 (194,2 |23,9 (158,8 |26,3 12,9 0,580 0,40

7 2021 6,16 |326,5 [35,1 (301,4 |26,9 (188,0 |28,0 13,6 0,753 0,41
Average

8 9019-2021 6,20 (258,2 (31,9 (233,6 |23,8 (158,7 |25,7 14,8 0,616 0,39

Biohumus

9 2019 6,94 |541,2 |73,5 |467,7 |54,4 |650,0 |66,0 |[108,5 3,09 0,51

10 2020 7,11 |486,9 |66,9 [420,0 |60,5 ([762,8 |82,5 |[127,5 2,93 0,48

11 2021 7,04 |790,0 |80,0 |710,0 |69,0 [907,6 |105,5 (142,0 4,70 0,44
Average

12 019-2021 7,03 |606,0 [73,5 |[532,6 |61,3 |[773,5 |84,7 |[126,0 3,573 0,47

The quantitative index of the main elements (N, P, K, Mg, Ca) in the manure used for growing
seedlings depends on the composition of the forage base and the degree of decomposition of
the manure. Therefore, during the years of research, the amount of nutrients in the biohumus
used in the experiments had partially different indicators in different years, depending on the
composition of the initial product (manure) during its preparation (Table 1). But from the
conducted agrochemical studies, we see that the average three-year value of nutrients in
biohumus (nitrogen, potassium, phosphorus, magnesium and calcium) remained unchanged
and high. According to the results of agrochemical analysis carried out before fertilization, the
average annual indicator of nutrients in the substrate (soil-wood chips) is: nitrogen - 26.8 mg/],
phosphorus - 6.2 mg/l, potassium - 50.1 mg/l, magnesium - 14.1 mg/1 and calcium - 53.0 mg/1
(with water absorption 1:2, volumetric method). pH value 7.08, mixture density 0.43 g/cm3.
The amount of nutrients in the original soil is much lower than the amount needed for the
development of the cucumber plant.

The control was a 1:1 mixture of soil and wood chips, which is widely used in most large
greenhouses today. Mineral fertilizers (ammonium nitrate, double superphosphate and
potassium sulfate) were used to ensure optimal values for the amount of nutrients in the initial
mixture of the control variant.
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In experiments, 600 g of ammonium nitrate, 125 g of granulated double superphosphate, 455
g of potassium chloride, and 115 g of magnesium sulfate salts were added per 1 m3 of the initial
mixture. In addition, magnesium, iron, boron, manganese, copper, and molybdenum were
added to the mixture. The experimentally determined amount of these elements in biohumus
is: magnesium - 1.21%, iron - 267 mg / kg, zinc - 51 mg / kg, manganese - 63 mg / kg, copper -
3.9 mg / kg and cobalt - 0, 3 mg/kg.

In experiments conducted to study the effect of vermicompost on the agrochemical parameters
of the substrate and the development of seedlings of cucumbers, its amount introduced into the
substrate was changed from 10% to 100%. The experiments were carried out according to the
following scheme:
Control option - substrate (soil: wood shavings = 1:1) + simple fertilizers (N1so; P20s20;
K20300) + trace elements;
90% substrate + 10% biohumus;
80% substrate + 20% biohumus;
70% substrate + 30% biohumus;
60% substrate + 40% biohumus;
50% substrate + 50% biohumus;
40% substrate + 60% biohumus;
30% substrate + 70% biohumus;

1.

CONU W

20% substrate + 80% biohumus;
10 109% substrate + 90% biohumus;

11.100% biohumus.

The results of agrochemical analysis of the composition of the substrate after the introduction
of vermicompost for different options are presented in tables 2-3 below.

Table 2: Agrochemical indicators of the substrate for growing seedlings of cucumbers
(average for 2019-2021)

. The amount of nutrients in the mixture, mg/I .

No Mixture, oH N- Salt Density

% volume NNz | NOs | P,Os | KO0 | MgO | CaO g/cm3

general

1 Control* 6,95 | 181,4 | 22,4 | 159,0| 19,2 | 237,0/ 33,9 | 98,6 1,134 | 0,16
2 Sub-90: bioh-10 6,98 | 83,8 99 |733 |11,7 | 122,9| 21,8 | 57,3 0,537 | 0,21
3 Sub-80: bioh-20 6,79 | 141,4 17,2 | 124,4| 17,2 | 195,3| 28,8 | 64,4 0,875 | 0,28
4 | Sub-70: bioh-30 | 6,97 | 199,4 | 24,8 | 175,4| 22,7 | 267,6/ 35,7 | 71,4 | 1,212 | 0,27
5 Sub-60: bioh-40 6,99 | 257,5 |31,4|226,4| 28,4 | 339,9| 42,7 | 78,4 1,549 | 0,33
6 Sub-50: bioh-50 6,97 | 345,6 | 38,2 |277,5| 33,7 | 412,3| 49,7 | 85,4 1,887 | 0,42
7 Sub-40: bioh-60 6,99 | 373,7 | 45,6 | 328,5| 39,6 | 484,6| 56,7 | 92,5 2,224 | 0,44
8 Sub-30: bioh-70 6,92 | 451,8 | 52,3 |379,5]| 44,7 | 556,9| 63,7 | 99,5 2,561 | 0,33
9 Sub-20: bioh-80 6,99 | 489,8 | 59,8 | 430,5| 50,5 | 629,3| 70,7 | 106,5 | 2,898 | 0,46
10 | Sub-10: bioh-90 | 6,87 | 547,9 | 66,4 | 481,6 | 55,7 | 701,6| 77,7 | 113,6 | 3,236 | 0,47
11 | Biohumus-100 7,03 | 606,0 | 73,5 |532,6|61,3 | 773,5| 84,7 | 126,0 | 3,573 | 1,50
Elements that must be present 15- | 150- 200-
according to Glunsov [1979] 165-250 155 | 230 | 17730 50 | 10-15] 73-108

*Control -

(soil+wood shavings 1:1+ N18oP20520K20300). Sub.- soil :wood shavings = 1:1), bioh. - biohumus
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Table 3: Agrochemical indicators of different years, corresponding to the amount of

biohumus in the soil of the greenhouse

The amount of nutrients in the mixture, mg/|

Ne | Mixture, % volume pH | N- NN NO, PO | K,0 MgO Ca0 Salt
general

2019 year

1 | Control 6,88 | 156,4 10,8 | 145,8 | 17,5 | 2144 | 28,8 90,7 1,043
2 | Sub-90: bioh -10 7,06 | 73,8 9,9 63,8 11,8 | 106,4 | 17,4 54,0 0,516
3 | Sub-80: bioh -20 6,89 | 125,8 (17,2 108,7 | 16,6 | 166,8 | 22,8 60,1 0,802
4 | Sub-70: bioh -30 6,88 | 177,7 P4,8 153,6 | 20,9 | 227,2 | 28,2 66,1 1,088
5 | Sub-60: bioh -40 7,04 | 229,6 B1,4 198,5 | 25,7 | 287,6 | 33,6 72,2 1,374
6 | Sub-50: bioh -50 6,98 | 281,6 B8,2 243,4 | 30,5 | 348,0 | 39,0 78,2 1,660
7 | Sub-40: bioh -60 7,1 333,5 45,6 288,2 | 358 | 4084 | 44,4 84,3 1,946
8 | Sub-30: bioh -70 6,86 | 3854 52,3 333,1 | 40,6 | 468,8 | 49,8 90,3 2,232
9 | Sub-20: bioh -80 7,06 | 4373 B9,8 378,0 | 44,8 | 529,2 | 55,2 96,4 2,518
10 | Sub-10: bioh -90 6,9 489,3 9,96 |422,8 |49,6 | 589,6 | 60,6 102,4 | 2,804
11 | Biohumus-100 6,94 | 541,2 73,5 | 467,7 | 54,4 | 650,0 | 56,0 108,5 | 3,090
2020 year

1 | Control 7,06 | 186 15 169,2 | 20 256,6 | 35 104,5 | 1,234
2 | Sub-90: bioh -10 6,98 | 72,6 9,9 62,7 11,5 | 80,9 22,2 55,8 0,473
3 | Sub-80: bioh -20 6,59 | 118,7 16,6 | 102,4 | 16,9 | 135,1 | 28,9 61,7 0,746
4 | Sub-70: bioh -30 7,06 | 164,7 22,5 |142,1 | 22,4 |200,4 | 35,6 67,5 1,019
5 | Sub-60: bioh -40 6,96 | 210,7 28,9 |181,8 |27,8 | 265,0 | 42,3 73,4 1,292
6 | Sub-50: bioh -50 6,9 256,8 35,5 |221,5 | 33,3 | 3254 |49,0 79,2 1,565
7 | Sub-40: bioh -60 6,96 | 302,8 41,5 |261,2 | 38,7 |390,4 | 55,7 85,1 1,838
8 | Sub-30: bioh -70 7,01 | 348,8 47,9 |300,9 |44,8 | 4558 |62,4 90,9 2,111
9 | Sub-20: bioh -80 6,93 | 394,8 54,2 | 340,6 |49,6 | 520,6 | 69,1 96,8 2,384
10 | Sub-10: bioh -90 6,85 | 440,9 60,5 | 380,3 | 55,6 |585,6 | 75,8 102,6 | 2,657
11 | Biohumus-100 7,11 | 486,9 66,9 | 420,0 | 60,5 | 762,8 | 82,5 127,5 | 2,930
2021 year

1 | Control 6,91 | 171,7 12,1 | 162,2 | 20,1 | 240,3 | 37,9 100,6 | 1,134
2 | Sub-90: bioh -10 6,91 | 103,5 10,7 | 93,4 12,2 | 139,7 | 25,7 61,9 0,632
3 | Sub-80: bioh -20 6,89 | 179,8 17,8 | 161,9 | 18,5 | 225,1 | 34,6 70,8 1,084
4 | Sub-70: bioh -30 6,97 | 256,0 25,6 | 2304 | 24,8 (3104 |434 79,7 1,536
5 | Sub-60: bioh -40 6,97 | 332,3 33,8 2989 |314 |3958 |52,3 88,6 1,988
6 | Sub-50: bioh -50 7,04 | 408,6 41,5 |367,5 | 37,4 |481,2 | 61,0 97,5 2,440
7 | Sub-40: bioh -60 6,91 | 484,9 48,9 | 436,5 | 43,7 | 566,5 | 70,0 106,4 | 2,892
8 | Sub-30: bioh -70 6,89 | 561,2 56,6 |504,5 |50,7 | 651,9 | 78,9 115,3 | 3,344
9 | Sub-20: bioh -80 6,98 | 637,4 64,4 |573,6 | 56,8 |737,2 |87,7 124,2 | 3,796
10 | Sub-10: bioh -90 6,86 | 713,7 72,2 | 6415 | 62,9 | 822,6 | 96,6 133,1 | 4,248
11 | Biohumus-100 7,04 | 790,0 80,0 |710,0 | 69,0 | 907,6 | 105,5 | 142,0 | 4,700

From the results presented in Table 2, the smallest amount of nutrients (NPK) in mixtures (N-
83.8 mg/], NH4-9.9 mg/], NO3-73.8 mg/l, P20s-11.7 mg/1, K20- 122.9 mg/1, Mg0-21.8 mg/1, CaO-
57.3 mg/1.) 0 mg/l, NH4-73.5 mg/], NO3-532.6 mg/l, P20s-61.3 mg/1, K20-773.5 mg/1, Mg0-84.7
mg/l 1, Ca0-126.0 mg/l.) corresponds to the variant using 100% vermicompost. The ratio of
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batteries in this option is N-7.2, NH4 -7.4, NO3-7.2, P20s -5.2, K20-6.3, Mg0-3.9, Ca0-2, equal to
2.

The increase in the number of nutrients in the options increases in accordance with the increase
in the amount of biohumus in their content and has the greatest value in the option with 10%
biohumus. according to different options, the average density of the substrate in 2019-2021.
Varied within 0.21-0.50 g/cm3, which corresponds to the amount of applied biohumus (table
2).

The highest value of the density of the prepared mixture in different years corresponded to the
11th variant, and its lowest value was observed in the 2nd variant (Table 2). Also, with an
increase in the amount of biohumus introduced into the substrate, the value of the salt
concentration in its content increases within 0.537-3.573%. The agrochemical indicators of the
substrate for 2019-2021 partially differ from each other in terms of the number of nutrients in
biohumus during the years of research (Table 3), but the deviation from the average value is
not so large. analysis of the results presented in tables 1-3, based on the experience of the
variants, it shows that the change in the amount of vermicompost in the substrate does not have
a significant effect on the pH of the substrate.

Comparison of the amount of nutrients needed by the plant and their available values in the
mixture presented in Table 2 in the second variant of the substrate with 10% biohumus
containing nitrogen, phosphorus and potassium, and in the third variant in the substrate with
20% biohumus, the content of nitrogen and potassium was below their optimal values. Starting
from the fourth option, containing 30% biohumus, the nutrients in the substrate have their
optimal values. The number of nutrients in the substrate in the sixth and subsequent options
increases from its optimal performance, corresponding to the amount of biohumus introduced.

Nutrients in the 10th variant, containing 90% biohumus, from the sum of nutrients in the 5th
variant (40% biohumus): nitrogen-2.13, phosphorus-1.96, potassium-2.06, magnesium-1, 82
and Ca. be -1.45 times higher.

So, when using vermicompost when growing seedlings according to options 2-3, it is necessary
to add additional mineral fertilizers to bring the amount of nutrients in the substrate to optimal
levels. When growing seedlings according to the following options, there is no need to use
mineral fertilizers.

Along with the total amount of nitrogen in the mobile form, the ammonium and nitrate forms
were also controlled during the years of experience. Comparison of the results of the analysis
of the same options in different years shows the following general patterns. The agrochemical
composition of the substrate used varies according to the options, in accordance with the
amount of biohumus introduced into it. In this case, according to the amount of vermicompost,
the amount of: N, K, P, Mg and Ca will have indicators below and above the optimal value. The
difference between years in the content of the mixture is more pronounced for nitrogen in the
nitrate form than for ammonium.
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Alow rate for nitrogen was observed in the second year of the experiment, and for phosphorus
and magnesium in the first year of the experiment. The highest level of potassium and calcium
corresponded to the 3rd year of the experience (2021). It is noted that the values of these
elements, determined by the composition of the substrate in the 1st-2nd years of the
experiment, do not differ sharply from each other.

In 3-year (2019-2021) experiments, there was no sharp change in the pH value of the mixture
under the influence of vermicompost, but the specific gravity of the substrate differed over the
years and the amount of vermicompost introduced into it. According to the results of
agrochemical analysis, the amount of nutrients in the substrate reaches optimal values in initial
mixtures containing 30-50% biohumus.
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Figure: Change in the amount of ammonium (A) and nitrate (B) in the intensification mixture in
2019-2021 depending on the amount of applied biohumus

In order to fully determine the effect of the amount of biohumus on the agrochemical
parameters of the substrate for growing seedlings, a chemical analysis of the composition of the
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mixture for planting seedlings at different stages of plant development was carried out. In these
analyzes, the amount of macro-, microelements and heavy metals in the substrate was
determined in accordance with different stages of seedling development.

Table 4 presents the results of determining the agrochemical parameters of the substrate
corresponding to the growth and development phases of cucumber seedlings in various

variants for 2019-2021.

Table 4: Agrochemical indicators of the substrate for growing seedlings, corresponding

to the phases of growth and development of the seedling in different years (average

2019-2021)
The amount of nutrients in the mixture, mg/I
No Mixture, % volume pH N- NN, NO; P,Os 0 MgO a0 Salt
general
Composition of the substrate ready for planting.
1 Control 6,95 | 181,4 | 22,4 | 159,0 | 19,2 | 237,0 | 33,9 98,6 1,134
2 Sub-90: bioh -10 6,98 | 83,8 9,9 73,3 | 11,7 | 122,9 | 21,8 57,3 0,537
3 Sub-80: bioh -20 6,79 | 141,4 | 17,2 | 1244 | 17,2 | 1953 | 28,8 64,4 0,875
4 Sub-70: bioh -30 6,97 | 199,4 | 24,8 | 175,4 | 22,7 | 267,6 | 35,7 71,4 1,212
5 Sub-60: bioh -40 6,99 | 257,5 | 31,4 | 226,4 | 28,4 | 339,9 | 42,7 78,4 1,549
6 Sub-50: bioh -50 6,97 | 345,6 | 38,2 | 277,5 | 33,7 | 412,3 | 49,7 85,4 1,887
7 Sub-40: bioh -60 6,99 | 373,7 | 45,6 | 328,55 | 39,6 | 484,6 | 56,7 92,5 2,224
8 Sub-30: bioh -70 6,92 | 451,8 | 52,3 | 379,5 | 44,7 | 556,9 | 63,7 99,5 2,561
9 Sub-20: bioh -80 6,99 | 489,8 | 59,8 | 430,5 | 50,5 | 629,3 | 70,7 | 106,5 2,898
10 Sub-10: bioh -90 6,87 | 5479 | 66,4 | 481,6 | 55,7 | 7016 | 77,7 | 113,6 3,236
11 Biohumus-100 7,03 | 606,0 | 73,5 | 532,6 | 61,3 | 773,5 | 84,7 | 126,0 3,573
The composition of the substrate in the seed-leaf stage of the plant
1 Control 6,86 | 163,4 | 18,5 | 144,9 | 18,9 | 223,9 | 30,2 92,7 1,043
2 Sub-90: bioh -10 6,94 | 72,6 8,0 63,7 9,3 111,7 | 19,5 52,6 0,516
3 Sub-80: bioh -20 6,91 | 130,4 | 15,3 | 114,1 | 14,7 | 185,7 | 27,1 59,8 0,802
4 Sub-70: bioh -30 6,96 | 187,7 | 22,6 | 164,5 | 20,3 | 255,9 | 33,6 67 1,088
5 Sub-60: bioh -40 6,94 | 2449 | 29,2 | 215,4 | 26,0 | 327,2 40,3 77,6 1,374
6 Sub-50: bioh -50 6,94 | 331,0| 356 | 264,4 | 31,1 | 3955 | 46,9 81,3 1,660
7 Sub-40: bioh -60 6,82 | 354,2 | 42,4 | 310,5 | 36,6 | 464,5 | 53,2 87,3 1,946
8 Sub-30: bioh -70 6,94 | 425,0 | 48,5 | 356,2 | 40,9 | 533,3 | 59,5 93,5 2,232
9 Sub-20: bioh -80 6,84 | 455,6 | 55,2 | 398,4 | 453 | 599,5 | 66,4 98,2 2,518
10 Sub-10: bioh -90 6.88 | 507,7 | 61,3 | 443,6 | 49,4 | 682,8 | 73,5 | 104,8 2,804
11 Biohumus-100 6,97 | 557,8 | 66,7 | 485,4 | 53,1 | 757,2 80,5 116,7 3,090
The composition of the substrate in the phases of the present three-leaf plant

1 Control 7,10 | 137,1 | 14,1 | 123,4 | 14,7 | 201,3 23,3 85,3 1,234
2 Sub-90: bioh -10 7,04 | 54,2 5,5 48,8 6,6 95,5 15,8 46,8 0,473
3 Sub-80: bioh -20 7,17 | 111,5 | 12,7 98,9 12,1 | 167,5 23,2 54,1 0,746
4 Sub-70: bioh -30 6,98 | 168,1 | 20,1 | 148,7 | 17,7 | 237,0 | 29,6 64,8 1,019
5 Sub-60: bioh -40 6,93 | 224,5| 26,9 | 198,7 | 23,3 | 310,0 | 36,4 76,6 1,292
6 Sub-50: bioh -50 6,99 | 311,1 | 33,2 | 247,3 | 28,2 | 376,0 | 42,6 79,2 1,565
7 Sub-40: bioh -60 6,98 | 332,0 | 39,8 | 291,9 | 33,2 | 441,7 | 49,1 80,3 1,838
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8 Sub-30: bioh -70 7,09 | 399,0 | 45,4 | 333,6 | 37,0 | 506,4 | 55,3 86,1 2,111
9 Sub-20: bioh -80 6,90 | 424,3 | 51,5 | 372,9 | 40,7 | 568,7 | 62,2 92,7 2,384
10 Sub-10: bioh -90 6,96 | 476,0 | 57,2 | 416,7 | 45,7 | 645,2 | 70,0 95,3 2,657
11 Biohumus-100 7,02 | 520,5| 62,2 | 456,0 | 49,8 | 708,2 | 77,4 96,8 2,930
Substrate composition when the plant is ready to be transplanted
1 Control 7,14 | 106,3 | 89 | 97,6 | 10,2 | 177,5 | 16,22 | 73,9 1,134
2 Sub-90: bioh -10 7,13 | 32,8 2,6 29,5 3,7 77,9 12,0 38,5 0,632
3 Sub-80: bioh -20 7,10 | 89,0 9,5 79,7 9,2 147,3 | 19,1 45,3 1,084
4 Sub-70: bioh -30 7,04 | 146,4 | 17,0 | 130,2 | 14,7 | 216,6 | 25,5 59,4 1,536
5 Sub-60: bioh -40 6,93 | 202,5 | 24,0 | 178,7 | 20,0 | 290,9 | 32,7 75,2 1,988
6 Sub-50: bioh -50 6,92 | 287,2 | 30,2 | 227,1 | 25,1 | 358,1 | 38,9 77,9 2,440
7 Sub-40: bioh -60 6,87 | 306,5| 36,4 | 270,4 | 29,9 | 417,6 | 44,6 79,9 2,892
8 Sub-30: bioh -70 7,13 | 370,6 | 41,7 | 308,9 | 33,9 | 475,5 | 49,7 84,6 3,344
9 Sub-20: bioh -80 7,02 | 3949 | 47,4 | 348,2 | 38,1 | 529,9 | 55,3 88,9 3,796
10 Sub-10: bioh -90 6,82 | 442,2 | 53,3 | 388,9 | 42,9 | 591,0 | 61,0 95,0 4,248
11 Biohumus-100 7,15 | 485,6 | 58,0 | 427,7 | 46,6 | 637,4 | 65,5 93,8 4,700

Table 4 shows that cucumber seedlings absorb nutrients strongly during development. The
given values show that nitrogen is consumed in the soil more than potassium and phosphorus
at the initial stages of seedling development. From the results of the analysis presented in table
5, it can be seen that the amount of nitrogen in the substrate corresponding to options 2-10
decreased in the range of 51-120 mg/l compared with its initial value.

During this period, the least changed (reduced) values of nitrogen compared to the initial
content of the substrate prepared for planting are in the range of 51-58 mg/l, which
corresponds to the substrate of options 2-6. Starting with a substrate containing 60%
vermicompost, the decrease in nitrogen content compared to the initial value increases
significantly. In the initial period of seedling development (the first 10 days), the decrease in
the nitrogen content in the substrate containing 60-90% biohumus, compared with the initial
values, was in the range of 19.5-40.2 mg/1, at 100% biohumus, 11-variant was used, this figure
is 48.2 mg/1.

SHunday qilib tajribalardagi birinchi 10 kunda eng ko‘p o‘zlashtirilgan azot miqdori tarkibida
90% biogumus bo‘lgan 10-variantga va 100% biogumusdan foydalanilgan 11-variantlardagi
substratlarga mos keldi.

So, in the first 10 days of experiments, the largest absorbed amount of nitrogen corresponded
to the 10th variant with 90% vermicompost and the 11th variant using 100% vermicompost.

The total amount of absorbed nitrogen in the control variant, prepared using only mineral
fertilizer at the stage before planting cucumber seedlings, is 75.1 mg/1.

The above conditions are also observed in the change in the amount of absorbed ammonium
and nitrogen in the form of nitrate in the substrate, suitable for different options, in the period
before planting seedlings. The amounts of N-NH4 and N-NOs3 assimilated by the seedling during
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development in variants 2-5 have very close values for different variants and 7.2-8.0 mg/1 for
N-NH4 and N-NOs fluctuate within 43 .8-50.4 mg/I.

Analysis of the dynamics of changes in the amount of nitrogen in the substrate at different
stages of seedling development. the last stage of plant development, in options 8-11 and
showed that the initial period of plant development corresponds to the 1st 10 days.

If the amount of absorbed nitrogen, corresponding to the seed-leaf phase of the seedling, in the
control variant is 24% (18 mg/1) of the total absorbed nitrogen, then in the variants with 10-
50% biohumus this figure is 21-25% equal.

Table 5: Dynamics of changes in the nutrients of the substrate for growing seedlings in
different years to the phases of growth and development of the seedling (average for

2019-2021)
N-general NH,4 NO; P20s K.0 MgO CaO
Ne Mixture, % - . - . = . = o = o = o = o
B volume W R W X B X ) X > x = ) > N
£ < £ < £ < £ < g < g < g <
The total amount of nutrients consumed during the full development of the seedling (for 30 days)
1 Control 751 | 100 | 13,7 | 100 | 61,4 | 100 | 12,9 | 100 | 59,4 | 100 | 17,7 | 100 | 24,8 | 100
2 S”b'?f(; bioh 1 <10 | 100 | 72 | 100 | 438 | 100 | 80 | 100 | 450 | 100 | 98 | 100 | 188 | 100
3 sw-s_zg(:) bioh | >4 | 100 | 77 | 100 | 447 | 100 | 81 | 100 | 482 | 100 | 98 | 100 | 191 | 100
4 S”b'?g(; bioh 1 o360 | 100 | 78 | 100 | 452 | 100 | 80 | 100 | 51,1 | 100 | 102 | 100 | 20 | 100
5 S”b'i?é bioh 1 <o | 100 | 74 | 100 | 476 | 100 | 84 | 100 | 490 | 100 | 101 | 100 | 208 | 100
6 S”b'?;; bioh | ce4 | 100 | 80 | 100 | 504 | 100 | 86 | 100 | sa2 | 100 | 108 | 100 | 21,5 | 100
7 S“b'z_‘gé bioh | 75 | 100 | 92 | 100 58 100 | 96 | 100 | 670 | 100 | 122 | 100 | 22,6 | 100
8 s”b"f’% bioh | ¢11 | 100 | 106 | 100 | 705 | 100 | 10,8 | 100 | 814 | 100 | 139 | 100 | 249 | 100
9 S“b'?gé bioh | 949 | 100 | 125 | 100 | 824 | 100 | 123 | 100 | 995 | 100 | 154 | 100 | 27,6 | 100
10 s”b'%g(; bioh | 1057 100 | 131 | 100 | 926 | 100 | 12,8 | 100 | 1107 | 100 | 166 | 100 | 283 | 100
11 B'OT&E‘“S' 120,4| 100 | 155 | 100 | 1049 | 100 | 147 | 100 | 1361 | 100 | 19,2 | 100 | 32,2 | 100
The number of nutrients consumed before the seedling reaches the leaf phase (in the first 10 days)
1 Control 180 | 24 | 41 | 30 | 139 | 23 | 41 | 32 131 | 22 | 37 | 21 | 59 | 24
2 S”b'?féb")h 11,2 22 1,9 | 26 9,3 2 | 24 | 30 11,2 25 | 23 | 23 | 47 | 25
3 S”b"_gg(;bmh 110 | 21 19 | 25 9,1 23 | 25 | 31 9,6 20 | 17 | 18 | 46 | 24
4 S”b'?gab'oh 11,7 | 22 22 | 28 9,5 24 | 24 | 30 11,7 23 | 21 | 21 | 44 | 22
5 S”b'e_if(;bmh 126 | 23 | 22 | 30 | 104 | 23 | 24 | 29 127 | 26 | 24 | 24 | a8 | 23
6 S”b"f’géb"’h 146 | 25 | 26 | 32 12 26 | 26 | 30 | 168 | 31 | 28 | 26 | 41 | 19
7 S”b"_‘gabmh 195 | 29 | 32 | 35 16,3 31 | 30 | 31 201 | 30 | 35 | 29 | 52 | 23
8 S”b'?% boh 1 268 | 33 | 38 | 36 | 23 | 33 | 38 | 35 | 236 | 29 | 42 | 30 | 60 | 24
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9 S”b'%g(; bioh | 342 | 36 | a6 | 37 | 296 | 39 | 52 | a2 | 208 | 30 | 43 | 28 | 83 | 30
10 S”b'}g(:)bi"h 402 | 38 | 51 | 39 | 351 | 41 | 63 | 49 | 188 | 17 | 42 | 25 | 88 | 31
11 Biorl‘gg‘us' 482 | 40 | 68 | 44 | 41,4 | 45 | 82 | 56 | 163 | 12 | 42 | 22 | 93 | 29
The amount of nutrients consumed before the seedling reaches the phase of three leaves (in the second 10 days)
1 Control 263 | 35 | 44 | 32 | 219 | 35 | 43 | 33 | 226 | 38 | 69 | 39 | 74 | 30
2 S”b'f_’f(:) bioh | g4 | 36 | 25 | 34 | 159 | 34 | 27 | 34 | 162 | 36 | 37 | 38 | 58 | ;1
3 S”b'?g(; bioh | 189 | 36 | 26 | 34 | 163 | 34 | 26 | 33 | 182 | 38 | 39 | 40 | 57 | 30
4 S”b'?g(:)bi"h 196 | 37 | 25 | 32 | 171 | 35 | 26 | 33 | 189 | 37 | 40 | 39 | 62 | 31
5 S”b"_if(; bioh | 0.4 | 37 | 23 | 31 | 181 | 35 | 27 | 32 | 172 | 35 | 39 | 30 | 60 | 29
6 S”b'?g(; bioh 199 | 34 | 24 | 30 | 175 | 3a | 29 | 34 | 195 | 36 | 43 | 40 | 71 | 33
7 S”b"_‘gébi"h 222 | 33 | 26 | 28 | 196 | 32 | 34 | 35 | 228 | 34 | 41 | 34 | 70 | 31
8 S“b"f’% bioh 1 260 | 32 | 31 | 29 | 229 | 32 | 39 | 36 | 269 | 33 | 42 | 30 | 74 | 30
9 S”b'?gébi"h 31,3 | 33 | 37 | 30 | 276 | 31 | 46 | 37 | 308 | 31 | 42 | 27 | 55 | 20
10 S”b'?g(;bic’h 3,7 | 30 | 41 | 31 | 276 | 29 | 37 | 29 | 376 | 34 | 35 | 21 | 62 | 22
11 Bioq:‘;gus' 373 | 31 | 45 | 29 | 328 | 28 | 33 | 22 | 490 | 36 | 31 | 16 | 68 | 21
The number of batteries consumed before the seedlings are ready for planting (3rd in 10 days)
1 Control 308 | 41 | 52 | 38 | 256 | 42 | 45 | 35 | 238 | 40 | 71 | 40 | 114 | 46
2 S“b'?f(; bioh 214 | a2 | 29 | 40 | 185 | 44 | 29 | 36 | 176 | 30 | 38 | 39 | 83 | 4a
3 S”b'f_ggé bioh | o5 | a3 | 32 | a1 | 193 | 43 | 29 | 36 | 202 | 42 | 41 | a2 | 88 | 46
4 S“b'?g(:) bioh 1 517 | a1 | 31 | 40 | 186 | 41 | 30 | 37 | 204 | 40 | 41 | 40 | 94 | a7
5 S”b'i?é boh | 220 | a0 | 29 | 39 | 190 | 42 | 33 | 39 | 191 | 30 | 37 | 37 | 99 | 48
6 S“b'?gé bioh 1 239 | a1 | 30 | 38 | 209 | 40 | 31 | 36 | 179 | 33 | 37 | 34 | 103 | 48
7 S”b"_lg(; bioh 1255 | 38 | 34 | 37 | 221 | 37 | 33 | 3a | 241 | 36 | 45 | 37 | 104 | 46
8 S“b'?% bioh | 284 | 35 | 37 | 35 | 247 | 35 | 31 | 20 | 309 | 38 | 56 | 40 | 115 | 46
9 S”b'%gé bioh | 594 | 31 | 41 | 33 | 253 | 30 | 26 | 21 | 388 | 39 | 69 | 45 | 138 | s0
10 S“b'?gé bioh | 338 | 32 | 39 | 30 | 209 | 30 | 28 | 22 | s42 | a9 | 90 | s4 | 133 | a7
11 Bi°2‘8'(;‘“5' 349 | 29 | 42 | 27 | 307 | 27 | 32 | 22 | 708 | 52 | 11,9 | 62 | 161 | 50

All observed changes in the dynamics of the amount of nitrogen in the substrate according to
different options correspond to the process of changing the amount of N-NH4 and N-NOs ions
in the substrate. Changes in the amount of N-NH4 and N-NOs in substrates containing 10-50%
biohumus have similar values for each ion, 1.9-2.6 mg/1 for N-NH4 and N-NO3 equal to 9.1-12 .0

mg/l. 1.

Compared to the initial value of the amount of nitrogen, the smallest reduced amount of
nitrogen absorbed by the plant at different stages of seedling development was compared with
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option 2 containing 10% biohumus (N-NH4 -1.9 mg/l and N-NO3 9.3). mg/l) and the 10th
variant with the highest absorbed amount, containing 90% biohumus (N-NH4 -5.1 mg/l and N-
NOs -39.2 mg/1) and from 100% biohumus, corresponded to options 11 (N-NH4 6.8). mg/l and
N-NO3 -41.4 mg/1).

Analysis of the composition of the substrate shows that at the later stages of the development
of cucumber seedlings, the rate of absorption of substrate nitrogen by the plant increases
according to the same parameters. For example, in the control variant, the nitrogen uptake by
the plant for every 10 days is 18, 26.3 and 30.8 mg/I, respectively, and this is the total nitrogen
uptake - 24.8; 35.0 and 41%. The patterns of changes in the amount of nitrogen in variants with
10-50% biohumus at different stages of plant development correspond to changes in nitrogen
in the control variant, that is, in these variants, the amount of nitrogen consumed increases at
each stage of plant development. next stage of plant development. From the tables we observe
such a change in N-NH4 and N-NOs.

With a further increase in biohumus in the substrate, a change in the dynamics of nitrogen
content is observed. Starting from a substrate with 70% vermicompost, it was observed that
the amount of nitrogen does not increase, but decreases at later stages of plant development.
For example, in option 9 containing 80% biohumus, the dynamics of nitrogen content in the
substrate, corresponding to different stages of seedling development, was -34.2 mg/l in the first
10 days, -31.3 mg/l in the second 10 days. days, and -31.3 mg/l, in the third 10 it turned out to
be -29.4 mg/1 per day.

In the experiments, changes were also observed in the dynamics of N-NH4 and N-NOs in the
substrate, which are characteristic of changes in the amount of nitrogen (Table 5). Thus, the
dynamics of changes in the amount of nitrogen in the substrate when growing cucumber
seedlings corresponds to a change in the amount of vermicompost in the mixture, the amount
of vermicompost up to 50%, total nitrogen in the mobile form and its N-NH4, which is consumed
atlater stages of plant development, and the amount of N forms. -NOs increases. In the following
concentrations of vermicompost, the amount of useful nitrogen decreases with an increase in
the next time from the day of sowing.

Phosphorus and potassium are important nutrients in the development of cucumber plants. In
table. Figure 5 shows the dynamics of changes in the content of phosphorus and potassium in
the substrate, corresponding to different stages of seedling development.

As can be seen from Table 5, the total amount of phosphorus and potassium in the substrate,
corresponding to different options, corresponding to the full period of seedling development,
is in the range of 8.0-14.7 mg/I for phosphorus and potassium. change within 45.0-136.1 mg/1.
The smallest change in the amount of phosphorus and potassium in the substrate corresponds
to options 2-4 containing from 10% to 30% biohumus.

The corresponding decrease in phosphorus in these variants is 8.0-8.1 mg/l, and the decrease
in potassium is 45.0-51.1 mg/l. Phosphorus, which is reduced from the composition of the
substrate, corresponding to an increase in the amount of biohumus from 60 to 90%, is 9.6-12.8
mg/l, potassium - 67.0-110.7 mg/l. The dynamics of changes in the amount of phosphorus,
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corresponding to different stages of plant development during the period of seedlings from the
sowing to the leaf phase, with an increase in the content of biohumus in the substrate, the
amount of phosphorus consumed is in the range of 29-56% compared to the total amount of
phosphorus consumed, shows a change. At the next stages of plant development (the second
and third decades), the amount of phosphorus used in the same variants practically does not
differ.

Also, at the later stages of plant development, the change (decrease) in the amount of
phosphorus in substrates containing 80-100% biohumus is less than at the initial stages of the
experiment. For example, the consumption of phosphorus in a substrate containing 90%
biohumus during seedling development is -49% in the first 10 days, -29% in the second 10 days
and -22% in the third 10 days compared to the total reduced amount of phosphorus.

The amount of potassium in the substrate, other than phosphorus, increases in the later stages
of plant development at high concentrations of vermicompost. For example, the distribution of
potassium in a substrate containing 90% vermicompost in relation to the total potassium
intake is -17% in the first 10 days, -34% in the second 10 days and -49% in the third 10 days.
Important elements in the development of cucumber seedlings are the elements of magnesium
and calcium in the soil. The lack of magnesium and calcium elements in the soil causes the
appearance of various spots on the leaves of the cucumber plant and the rapid yellowing of the
leaves.

The reduction of magnesium from the composition of the prepared substrate according to
different options corresponding to different stages of plant development in tables 4-5 is 9.8-
16.6 mg/], and the reduction of calcium is 18.8-28.3 mg/I. 1. Soil analysis at different stages of
plant development showed that the amount of magnesium and calcium consumed during this
period has stable values.

The following agrochemical analysis of the composition of the mixture at the last stage of
seedling cultivation, that is, when seedlings are transferred to the main place, is presented in
Table 6.

The average three-year value of nutrients in the mixture prepared according to option 5 from
table 6: N-189.1 mg/l, NH4-18.0 mg/l, NO3-178.7 mg/1, P205-20.0 mg/1, K20 -270.9 mg/1, MgO-
28.7 mg/l, Ca0-74.1 mg/l must be present in the substrate for growing cucumbers. It has been
observed that the amount of nutrients is fully compatible.

The results of the experiments presented in Table 6 show that in mixtures with a biohumus
content in the substrate below 40%, the norm of nutrients decreases from the optimal values
at the end of sowing. The number of nutrients in the mixture after planting seedlings with the
amount of vermicompost more than 40% in the substrate is higher than their optimal values.
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Table 6: Agrochemical characteristics of the substrate after growing cucumber
seedlings (average for 2019-2021)

. . The amount of nutrients in the mixture, mg/I
No Mixture for growing oH N

seedlings, % wt. NH,4 NO; P,Os K;0 MgO Cao

general

1 Control 6,93 98,3 8,9 97,6 10,2 177,5 16,2 73,9
2 Sub-90: bioh -10 6,92 30,8 2,6 29,5 3,7 77,9 12,0 36,5
3 Sub-80: bioh -20 7,02 81,0 9,5 79,7 9,2 147,3 16,1 41,3
4 Sub-70: bioh -30 6,82 135,4 14,0 130,2 14,7 196,6 19,5 57,4
5 Sub-60: bioh -40 6,88 189,1 18,0 178,7 20,0 270,9 28,7 74,1
6 Sub-50: bioh -50 6,86 267,0 30,2 227,1 25,1 338,1 32,9 75,9
7 Sub-40: bioh -60 6,82 306,5 36,4 270,4 29,9 417,6 44,6 78,6
8 Sub-30: bioh -70 7,02 353,1 41,7 308,9 33,9 475,5 49,7 84,1
9 Sub-20: bioh -80 6,95 382,6 47,4 348,2 38,1 529,9 55,3 86,9
10 Sub-10: bioh -90 6,80 429,2 53,3 388,9 42,9 591,0 61,0 92,4
11 Biohumus-100 6,95 467,2 58,0 427,7 46,6 637,4 65,5 92,8
Sum available, E"lcg;’;‘]j'”g toGlunsoV | 465950 | 1520 | 150-230| 15-30 |200-250| 10-15 | 73-108

The experiments have shown that the optimal size of the substrate for growing cucumber
seedlings "Avicina G1" without the use of mineral fertilizers in greenhouse conditions
corresponds to option 5, containing 40% biohumus. The amount of residual nutrients in the
mixture prepared according to this option, after planting the seedlings, will retain its optimal
performance.

Thus, the results of agrochemical analysis of the composition of the substrate at different stages
of development of seedlings in the conditions of greenhouses in the Samarkand region, the use
of a mixture of soil and chips 1:1 with 40% biohumus in the conditions of greenhouses in the
Samarkand region. cultivation of seedlings of cucumbers without the use of mineral fertilizers
leads to optimal biometric indicators, showed that this allows growing seedlings of cucumbers.

One of the unique aspects of greenhouse conditions is the relatively high humidity and
temperature. These conditions cause the growth and development of pathogenic fungi, bacteria
and viruses. In most cases, when growing seedlings of cucumbers, it is necessary to treat the
plant from fungal diseases. Plant pathogens remain mainly in the soil. In the experiments, it was
noted that the disease resistance of seedlings planted with vermicompost increased when the
cucumber planted according to the control variant was infected. This allows us to conclude that
biohumus increases the protection of cucumbers from fungal diseases in greenhouse
conditions.

Thus, the use of vermicompost when growing cucumber seedlings stabilizes the agrochemical
parameters of the soil in greenhouse conditions, reduces the seedling maturation period, and
increases the plant's resistance to fungal diseases.

Visual observations of the state of seedlings during the development period showed that from
the initial period of development, in the variant with an equal amount of soil and chips and in
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the variant with 10-20% vermicompost, at the last stages of seedling development, nitrogen
deficiency was noted in the variant with 30% vermicompost.

Also, the plants of these variants had a yellowish-lemon color of varying intensity. In the control
variant, no nutrient deficiency was observed at all stages of plant development. The lack of
nutrients in the process of plant development was fully confirmed by visual observations as a
result of agrochemical analyzes of the soil in the paddocks at the end of the indicated sowing
period.

In the course of the studies, the influence of the amount of heavy metals in the mixture used for
growing biohumus was studied. A sensitive way to assess the level of soil contamination with
heavy metals is to determine their mobile form (Plekhanova et al., 1995), since it is in this form
that metals first pass into the plant and through it into the human body [Matijevic¢ et.al., 2014].

The determination of the amount of heavy metals in the substrate was carried out according to
the Petrov method. The results obtained are presented in table 7, and for comparison, the table
shows the value of the permissible limit (MAC) of heavy metals in the composition of the
officially approved greenhouse soil.

Comparison of the amount of heavy metals in a mixture containing different amounts of
vermicompost with MPC, presented in table. 7 it was shown that the amount of metals and the
metals used were acceptable.

Table 8 shows the degree of soil contamination according to A. Ya. Obukhov [1992] according
to the heavy metals present in it.

Comparison of the results of soil analysis, where seedlings were grown with the classification
of A.I.Obukhov, presented in Table 8, as a control variant prepared from soil and wood chips in
a ratio of 1:1 using mineral fertilizers, the mixture itself contains heavy metals, it can be seen
that it is slightly contaminated with lead (6.11 mg/kg) and zinc (23.00 mg/kg) [Marreiro et al.,
2017].

Senad Murtic et al also assessed the uptake and distribution levels of the main heavy metals Cu,
Zn, Mn and Fe in cucumber plants (Cucumis sativus L. 'Opalit F1') [Senad Murtic¢ et al., 2019].
The authors argue that the accumulation of Mn and Zn was higher in the root and leaves than
in the stem and fruits, and the accumulation of Cu and Fe in the root is significantly higher than
in all aboveground parts of the cucumber.

Since the concentration of heavy metals in cucumber was below the recommended limits set
by the World Health Organization, the consumption of cucumber grown in the studied soil, in
terms of soil contamination with the tested heavy metals, should not pose a risk to human
health [Senad Murti¢ et al.,, 2019].
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Table 7: The amount of heavy metals in mobile form in the seedling mixture with

different content of vermicompost, (mg/kg)

Ne | Options cd Co Cr Cu Mn Ni Pb Zn Mo
1 | Control 0,30 0,50 4,60 | 2,96 | 49,50 | 0,87 6,11 | 23,00 | 0,22
2 | Sub-90: bioh -10 0,15 0,31 3,90 | 2,05 |3480 |0,55 4,45 12,60 | 0,20
3 | Sub-80: bioh -20 0,15 0,30 3,10 { 1,90 |30,00 | 0,50 3,50 11,00 | 0,20
4 | Sub-70: bioh -30 0,12 0,25 2,40 | 0,95 | 25,55 | 0,46 2,00 | 8,50 0,18
5 | Sub-60: bioh -40 0,09 0,20 2,20 | 0,51 | 24,50 |0,38 1,10 | 4,60 0,15
6 | Sub-50: bioh -50 0,07 0,20 2,10 | 0,48 | 21,90 |0,37 0,59 | 4,20 0,15
7 | Sub-40: bioh -60 0,06 0,15 2,00 {045 |17,60 | 0,35 0,50 | 3,74 0,14
8 | Sub-30: bioh -70 0,06 0,15 2,00 0,40 | 13,85 | 0,30 0,50 | 3,60 0,14
9 | Sub-20: bioh -80 0,05 0,10 1,80 | 0,38 | 11,00 | 0,28 0,45 3,30 0,13
10 | Sub-10: bioh -90 0,05 0,05 1,60 | 0,36 | 8,90 0,25 0,40 | 3,00 0,12
11 | Biohumus-100 0,05 0,05 1,50 | 0,35 | 6,55 0,22 0,35 2,55 0,12
:\:Zgnvalue of heavy metals i 50 6,0 3.0 i 4,0 i 230 i

Table 8: The amount of heavy metals in mobile form in the soil and the level of its
pollution (on air-dry soil), mg/kg [Obukhov, 1992]

Gradation ‘ Pb ‘ Cd ‘ Zn ‘ Cu ‘ Ni ‘ Co
Quantity, mg/kg

Very low <0,2 <0,02 <1 <0,2 <0,2 <0,1
Short 0,2-0,5 0,02-0,05 1-2 0,2-0,5 0,2-0,5 0,1-0,2
Average 0,5-1,5 0,05-0,10 2-5 0,5-2,0 0,5-1,5 0,2-0,5
High 1,5-5,0 0,10-0,50 5-20 2,0-5,0 1,5-5,0 0,5-3,0
Pollution, mg/kg

Weak (MPC) 5-10 0,5-1,0 20-50 5-10 5-10 3-5
Average 10-50 1,0-3,0 50-100 10-50 10-50 5-25
Strong 50-100 3,0-5,0 100-200 50-100 50-100 25-50
Very strong >100 >5,0 >200 >100 >100 >50

The soil is rich in cadmium (0.30 mg/kg) and copper (2.96 mg/kg) and poor in cobalt (0.50
mg/kg) and nickel (0.87 mg/kg), which corresponds to the gradation with average values.

In all cases, the introduction of biohumus into the substrate leads to a decrease in the amount
of heavy metals in the mixture. The amount of lead in the control sample was 6.11 mg/kg, and
when biohumus was added to it in a ratio of 1:9, the amount of lead decreased to 0.40 mg/kg.
In the experiments, a significant decrease in the amount of heavy metals in the mixture under
the influence of vermicompost in the range of 10-50% vermicompost is noticeable.

Therefore, biologically active fertilizer-biohumus increases the buffering capacity of the soil
and acts as a good sorbent of heavy metal cations in its soil. As a result, the introduced biohumus
reduces the amount of mobile heavy metals in the soil.
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Effect of Biohumus on Soil Agrochemical Properties and Fertility

Cucumber plant is distinguished by its demand for the composition of the soil due to its fast
growth and intensive absorption of nutrients. It grows well in soil with sufficient organic and
mineral fertilizers. Nitrogen is necessary for the growth of the vegetative mass of the cucumber
and the formation of the crop, phosphorus accelerates its flowering and the appearance of the
crop, and potassium increases the quality of the product.

When growing cucumbers in greenhouse conditions, the amount of available nitrogen and
potassium in the soil is estimated in relation to the amount of nitrogen and potassium
determined by the above equations as follows: the amount of available nitrogen and potassium
in the soil is less than 1/3 A (or K) - the level of nitrogen and potassium supply to the soil is low;
From 1/3 A (or K) - to 2/3 A (or K) - below the norm; 2/3 A (or K)-standard; 1.33 A (or K) -
more than the norm; Greater than 1.33 A (or K) - very high.

When evaluating the amount of phosphorus in all types of soil during the cultivation of
cucumbers in greenhouse conditions, the following indicators (mg) per 1 kg of absolute dry soil
were adopted: low 0-20 mg, less than the norm 20-40 mg, normal 40-60 mg, more than the
norm 60-80 mg, very higher than 80 milligrams.

According to the results of the volumetric analysis of wet soil, the level of nutrient supply of
greenhouse soil (mg/1) is presented in table-9.

Table 9: Level of nutrient supply of greenhouse soil in cucumber cultivation

No Availability level Amount of nutrients, mg/I Electrical
Ncommon P,0s K.O MgO Ca0 conductivity at 25°C

1 Low 0-30 0-3,5 0-38 0-18 0-36 0-0,5

2 Less than normal 31-60 3,6-7,0 39-76 10-36 37-72 0,6-1,0

3 Normal 61-90 7,1-10,5 77-115| 37-54 73-108 1,1-2,0

4 High from normal 91-120| 10,6-14,0 | 116-154| 55-72 | 109-144 2,1-3,0

5 Very high 121-150| 14,1-17,5 | 155-190| 73-90 | 145-180 3,1-4,0

The necessity of continuous feeding of the cucumber plant during all periods of its development
in greenhouse conditions is related to a number of factors. First, cuicumber continuously
absorbs nutrients from the soil for 7-9 months to form a plant stem and crop. 2.64 g of nitrogen,
1.55 g of phosphorus, 6.60 g of potassium, 2.19 g of calcium and 0.57 g of magnesium are
required for the formation of 1 kg of cucumber crop. On average, 1 cucumber plant contains 23
g of nitrogen, 14 g of phosphorus, 58 g of potassium, 19 g of calcium and 5 g of magnesium.
Therefore, in order to ensure a high yield throughout the year, the starting soil must have a
large amount of nutrients, but cucumbers cannot tolerate a large concentration of nutrients in
the soil. It is negatively affected by a large concentration of soil solution and a high value of pN
(normal values of pN for cucumbers are in the range of 6.0-7.2).

In this case, it is appropriate to use biohumus and use the required total nutrients in parts.

Since cucumber is a plant that is watered a lot, when mineral fertilizers are used, some of the
nutrients (potassium and nitrogen) are washed away during the irrigation process. In addition,
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most nutrients combine with the soil and pass into a hard-to-dissolve form (this mainly applies
to phosphorus). At different stages of plant development, cucumber needs different elements.

In addition to the above, a limited amount of greenhouse soil can never retain the nutrients
required to grow a cucumber crop of 30-40 kg/m2. For this reason, using the amount of
fertilizer required for growing cucumbers in greenhouse conditions in phased feeding will
further increase its effectiveness.

In order to determine the amount of fertilizer used under the plow and in feeding, the
composition of the soil of the greenhouse was analyzed before the start of the experiment and

once a month during the entire development period of the plant.

Agrochemical indicators of greenhouse soil without mineral and organic fertilizers during the
years of the experiment are presented in Table 10.

Table 10: Agrochemical parameters of unfertilized greenhouse soil

Gross amount Amount of nutrients, mg/k Salt
of NPK , % » ME/XE concentrati
MgO, .
Humus Cao, on, % soil
Years | pH % N % % to the
7 N [P | K | ™ | NOs | NHs | P,Os |K:O | 7
on mass
relatively
2019 7,2 | 2,64 0,23| 0,26| 2,2 | 74 57,5 16,5 | 39,5(280,0 | 4,8 0,6 0,18
2020 7,3 | 3,05 0,28 0,29| 2,1| 79 61,4| 17,6 | 39,0(277,0| 4,3 0,9 0,17
2021 7,4 | 2,86 0,24| 0,26| 2,0| 78 61,1| 16,9 | 38,5(283,0| 4,1 0,9 0,19
3years| 7,3 | 2,85 0,25| 0,27| 2,1 | 77 60,0| 17,0 | 39,0{280,0| 4,4 0,8 0,18
average

From Table 10, the 3-year average amount of nitrogen, phosphorus and potassium in the soil
of the experimental plot before plowing (control option) where mineral and organic fertilizers
were not applied is 77, respectively; We see that it is 39 and 280 mg/kg.

Currently, in the cultivation of cucumbers in greenhouse conditions, in addition to providing
the soil with the optimal amount of micro- and macroelements necessary for the development
of cucumbers, great attention is paid to the use of physiologically active substances that
enhance the nutrition of the plant from the soil. Biohumus is one such substance. The results of
determining the main parameters of manure and biohumus used in the experiments are
presented in Table 11.
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Table 11: Some indicators of manure and biohumus used in greenhouse conditions

Ne Determined indicator 2019 years 2020 years 2021 years 3 years
3 years average average
Chemical composition of manure
1 Moisture% 69,0 67,8 65,7 70,8
2 Organic substances% 21,8 23,3 26,9 24
3 N,% 0,53 0,48 0,45 0,49
4 P20s, % 0,41 0,37 0,42 0,40
5 K.0,% 0,62 0,80 0,96 0,79
6 Ca0,% 1,47 1,35 1,34 1,39
7 MgO,% 0,17 0,14 0,12 0,14
Chemical composition of biohumus
8 pH salty milk 7,3 7,0 7,3 7,2
9 Moisture % 62,0 60,6 60,8 61,1
10 | Relative weight, g/cm3 0,71 0,73 0,72 0,72
11 | Amount of humus, % 28,3 29,9 30,1 29,4
12 | N, % 1,21 1,24 1,42 1,29
13 | P20s, % 0,83 0,77 0,83 0,81
14 | K:0, % 3,82 3,70 3,94 3,82
15 | Ca0, % 1,70 1,46 1,4 1,52
16 | MgO, % 1,20 1,40 1,04 1,21
17 | Cu, mg/kg 3,8 3,8 4,1 3,90
18 | Zn, mg/kg 54,2 48,4 50,4 51,0
19 | Co, mg/kg 0,3 0,4 0,2 0,3
20 | Mn, mg/kg 61,8 64,0 63,8 63,2
21 | Fe, mg/kg 258,0 277,0 266,0 267,0

From Table 11, the amount of nutrients contained in biohumus of different years differs
partially from each other in some parameters, depending on the composition of the initial
product (manure) in its preparation. However, in all cases, the amount of NPK contained in
biohumus is much higher than the amount of nutrients contained in manure and the soil of the
experimental area. For example, the results of the agrochemical analysis showed that the
amount of nitrogen, phosphorus, and potassium in the prepared biohumus was different from
the amount of nitrogen, phosphorus, and potassium in the experimental area: N-5.2; P- was 3.0
and K-1.8 times higher than nitrogen, phosphorus and potassium content of manure,
respectively, N-2.6, P-2.0 and K-4.8 times higher.

Since biohumus stores a large amount of nutrients, when added to the soil, it changes the
amount of nutrients in the soil. Since biohumus contains trace elements and humic acids, it has
an effect of enhancing plant development in cucumber cultivation.

Greenhouse soil treated with mineral fertilizer was used as a control option in the experiment.
The amount of mineral fertilizer applied to the soil in different years was determined based on
the level of nutrient supply of the greenhouse soil as a result of agrochemical analysis. For all
options, the plant was fed with the specified amount of mineral and organic fertilizer every 30
days.
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Application of mineral fertilizers was carried out in two stages. The amount of mineral
fertilizers calculated on the basis of the chemical analysis of the soil carried out in the first stage
was added. In the second stage, a certain amount of organic fertilizer-biohumus was added
according to different options.

The mineral fertilizer used in feeding is the same in all options: nitrogen 29 mg/kg (or 7.5
g/m2), phosphorus (P20s5) 19.5 mg/kg (or 5.0 g/m?2) and potassium (in terms of K20) was equal
to 23.5 mg/kg (or 6.0 g/m?). Mineral fertilizers were given in the form of ammonium nitrate
(22.0 kg/ha), double superphosphate (25 kg/ha) and potassium chloride (11 kg/ha).

Before and after all feedings, a sample was taken from the soil for agrochemical analysis, and
with the help of commonly used agrochemical analysis methods, the amount of nitrogen,
phosphorus, potassium in the soil was determined and its pH value was monitored. In the
experiment, feeding was carried out from one to four times according to the scheme established
in the experimental area in different variants.

Table 12 shows the agrochemical parameters of the greenhouse soil with mineral and organic
fertilizers before planting.

Table 12: Pre-planting agrochemical analysis of greenhouse soil plowed with different
amounts of mineral and organic fertilizers (biohumus, manure) (average 2019-2021)

Ne | Options pH Amount of mobile NPK in the soil before

transplanting, mg/kg

N P,0s KO
1 Nzs0P250K170 6,67 | 98,5 60,7 321,5
2 N350P250K170+610(1) 6,73 | 120,8 74,4 344,2
3 N350P250K170+620(1+1) 6,90 | 124,8 75,1 335,0
4 N350P250K170+630(141+1) 6,83 | 125,1 80,0 332,5
5 N3s50P250K170+B40(1+1+1+1) 6,90 | 123,2 75,0 330,2
6 N3soP2soK170+Bso) (1+1+1+1+1) 6,90 | 124,8 73,0 336,8
7 | Bso(2+1+1+1) 7,03 | 127,2 78,1 346,2
8 Bso(3+2+1+1+1) 7,13 156,5 83,8 376,0
9 N350P250K170+540(40) 7,10 198,5 117,0 430,7
10 N350P250K170+H90(3+2+2+2) 6,63 129,9 68,3 334,2

From the above results, the amount of nutrients contained in the soil of the field prepared for
planting seedlings in a wide range according to the type and rate of the applied fertilizer
(nitrogen 98.5-198.5 mg/kg, phosphorus 60.7-117.0 mg/kg, potassium 321, 5-430.7 mg/kg).

The amount of nutrients in the soil of the control option area is equal to: N-98.5 mg/kg, P-60.7
mg/kg and K-321.5 mg/kg. This shows that even without the use of biohumus, the field is
provided with sufficient amount of nutrients according to generally accepted gradations in
cucumber cultivation.

In all options, the same amount of biohumus - 1.0 kg/m? - put under the plow had a positive
effect on the physico-chemical parameters of the soil. The amount of nutrients in the mobile
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form in the soil of different years of the experiment was different in accordance with their
content in the used biohumus of these years. In all years, the amount of nutrients in the control
option was not lower than the optimal indicators (Appendix 1.).

It was noted that manure and biohumus applied to the soil had no significant effect on its pN
value. The pH value of the greenhouse soil in different options where biohumus was applied
was in the range of 6.30-6.60.

The salt concentration was close to the optimal value and varied in the range of 0.58 - 0.72%.
The use of biohumus led to a significant increase in the amount of nitrogen, phosphorus and
potassium in mobile form in the soil in all variants. An increase in the amount of nutrients was
observed from the first option, where biohumus was used. Agrochemical analyzes showed that
biohumus increases the amount of nutrients in the soil in accordance with the biohumus
standard (Table 4).

Determination of the level of phosphorus supply of the soil was based on the amount of P20s
available in mg of 1 kg of dry soil under greenhouse conditions. If the amount of phosphorus in
the soil is higher than 60 mg, then this is a sufficient amount for most plants. However, the
excess amount of phosphorus in the soil does not have a negative effect on the growth and
development of the plant (N.M. Gluntsov, 1989).

Table 4 shows that the use of biohumus at the rate of 1.0 kg/m? is enough to significantly
increase the amount of phosphorus in the soil, which increases the amount of P20s in the soil
by an average of 12.2-15.0 mg/kg or 17-20% in different years (Appendix 1). However, 1 kg/m?2
of biohumus added to the soil when applied in moderation did not cause a dramatic change in
potassium content. 1kg/m?2 of biohumus increases the amount of potassium by 3-5%. The
maximum accumulation of phosphorus in the soil (117.0 mg/kg) was observed in the 9th
option, where biohumus was applied under the plow in the amount of 4.0 kg/m?2. In the 10th
option, where 3.0 kg/m? of manure was used, and the 8th option, where 3.0 kg/m? of biohumus
was used, compared to the control option, the increase of total nitrogen was 1.30 and 1.60
times, respectively, and the increase of mobile phosphorus was 1.1 and 1, It was found that 4
times and the increase in potassium content was equal to 1.1 and 1.2 times.

In options 2-5, where 1.0 kg of biohumus was added to each square meter of the experimental
area, it was determined that the amount of nutrients was 1.25 times more than the control
option, 1.25 times more potassium and 1.10 and 1.23 times more phosphorus, respectively. In
variants 7-9 of the experiment, an increase in the amount of nutrients in the soil was observed
in accordance with the increase in the amount of biohumus (Table 4).

The highest indicator of the average amount of nutrients in the soil (N-195.8; P-117.0 and K-
430.7 mg/kg) corresponds to the 9th option with the addition of biohumus in the amount of 4
kg per square meter of the greenhouse area during plowing. The average amount of NPK in the
10th option, in which 3 kg of half-rotted manure was used under the plow for each square
meter: N-129.9; P-68.3 and K-334.2 mg/kg, which is close to the amount of nutrients in options
2-6, where 1.0 kg/m2 of biohumus was used.
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The analysis of the 3rd option, which was carried out to determine the amount of nutrients
from the greenhouse soil, was carried out 1 month after planting, corresponding to the period
of full flowering of the cucumber plant (the period of picking the first crop). The results of this
analysis are presented in Table 5. From the results of the soil analysis of the experimental area
presented in Table 13, we can see that the main part of the total nutrients accumulated in the
soil was absorbed by the plant during the period before flowering,.

Table 13: The result of pre-harvest agrochemical analysis of greenhouse soil
(average amount of NPK, 2019-2021, mg/kg)

NPK available in greenhouse soil before first
Ne | Options pH feeding, mg/kg

N P20s K20
1 N350P250K170 6,70 | 72,2 43,7 210,2
2 N3150P250K170+B10(1) 6,77 |92,1 56,0 233,2
3 N350P250K17o+520(1+1) 6,87 88,1 59,8 230,1
4 N350P250K17o+530(1+1+1) 6,83 90,5 56,3 224,9
5 N350P250K17o+54o(1+1+1+1) 6,90 86,9 60,5 230,6
6 N350P250K17o+550) (1+1+1+1+1) 6,90 95,0 55,2 232,8
7 | Bso(2+1+1+1) 7,00 | 89,4 54,2 243,1
8 Bgo(3+2+1+1+1) 7,10 | 116,0 63,6 260,5
9 N3150P250K170+B40(40) 7,00 | 148,8 101,8 274,9
10 N350P250K170+H90(3+2+2+2) 6,73 102,2 54,5 218,4

During the period before the first feeding (before flowering) in the experiments, it was
observed that the plant absorbed 22-27% of the total nitrogen, 19-23% of phosphorus, and 29-
33% of potassium. The total nutrient absorption coefficient is 1.25-1.35 for nitrogen, 1.25-1.30
for phosphorus and 1.42-1.56 for potassium in different options (Table 13 and Appendix 2).
During the experiments, one to four feedings were carried out according to the scheme. The
results of the analysis of the soil after the first feeding corresponding to the period of plant
development are presented in Table 14.

Table 14: The amount of nutrients accumulated in greenhouse soil after the first
feeding (average, 2019-2021)

Amount of total NPK accumulated in greenhouse
Ne | Options pH | soil after first feeding, mg/kg

N P.0Os K,0
1 N350P250K170 6,80 | 101,2 66,0 233,2
2 N350P250K17o+510(1) 6,80 138,1 87,0 281,1
3 N350P250K17o+520(1+1) 6,87 156,2 98,2 296,1
4 N350P250K17o+530(1+1+1) 6,97 158,3 97,6 294,4
5 N350P250K17o+54o(1+1+1+1) 6,90 165,9 100,6 295,6
6 N350P250K17o+550) (1+1+1+1+1) 6,90 162,2 110,1 299,6
7 Bso(2+1+1+1) 7,10 | 154,7 87,1 312,0
8 Bso(3+2+1+1+1) 7,10 | 215,2 125,0 378,3
9 N350P250K170+b640(40) 7,07 | 241,3 151,8 397,8
10 | NssoP2s0K170+Hgo(3+2+2+2) 6,53 | 164,4 84,8 292,5
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From the results of the soil composition test presented in Table 6, we can see that the amount
of nutrients in the soil of all options increased significantly after the first feeding. This change
was more significant in variants 3-9, where feeding with biohumus was carried out, and the
amount of NPK in the soil increased in accordance with the amount of applied biohumus. The
increase in the amount of NPK in all the variants using biohumus at the rate of 1.0 kg/m?
compared to the control was 1.41-1.70 times for nitrogen, 1.47-1.68 times for phosphorus, and
1.17-1.22 times for potassium. was found to be equal (Appendix 3).

Tables 15-16 show the results of greenhouse soil analysis before feeding (Table 157, Appendix
4) and after feeding (Table 16, Appendix 5) carried out by the period of gross ripening of
cucumbers.

Table 15: The amount of NPK available in the greenhouse soil before the 2nd feeding of
the plant during the period of gross productivity (average, 2019-2021)

NPK content in greenhouse soil before second
Ne Options pH | feeding, mg/kg
N P20s K20

1 N350P250K170 6,80 35,4 32,5 113,4
2 N350P250K17o+510(1) 6,67 59,7 49,0 152,2
3 N350P250K17o+520(1+1) 6,83 77,5 55,5 160,6
4 N350P250K17o+530(1+1+1) 6,80 79,7 57,5 165,2
5 N350P250K17o+54o(1+1+1+1) 6,90 83,3 57,1 168,0
6 N350P250K17o+550)(1+1+1+1+1) 6,90 79,1 66,2 174,5
7 Bso(2+1+1+1) 7,00 71,3 42,6 167,1
8 Bso(3+2+1+1+1) 7,07 121,7 75,6 237,5
9 N3150P250K170+B40(40) 6,97 163,0 104,0 230,0
10 N350P250K170+Hg0(3+2+2+2) 6,67 82,1 36,1 142,4

Table 16: Amount of total nutrients accumulated in greenhouse soil after 2nd feeding
(average, 2019-2021)

. Amount of NPK after the second feeding, mg/kg

Ne | Options pH N P,Os 0

1 N350P250K170 6,73 | 66,1 51,7 150,0
2 N350P250K170+B10(1) 6,83 | 105,2 75,1 195,9
3 N350P250K170+B20(1+1) 6,90 | 136,3 89,4 229,1
4 N350P250K170+B30(1+1+1) 6,80 | 149,5 109,6 260,5
5 N350P250K17o+54o(1+1+1+1) 6,97 162,5 105,7 257,7
6 N350P250K170+Bs0) (1+1+1+1+1) 6,93 155,3 113,2 265,7
7 | Beo(2+1+141) 7,00 | 1221 78,7 248,1
8 Bgo(3+2+1+1+1) 7,10 232,6 129,0 385,3
9 N350P250K170+640(40) 6,97 213,4 140,8 327,6
10 | N3soP2soKizo+Heo(3+2+2+2) 6,60 | 155,1 70,8 229,8

From the results presented in Table 7, it can be observed that the amount of nutrients in all
variants drastically decreases during the ripening period of the gross crop. The lowest amount
of nitrogen before feeding 2 (35.4 mg/kg) was observed in the control variant. As a result of
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feeding only with mineral fertilizer, the amount of nitrogen in the soil of the field corresponding
to this control option increased to 66.1 mg/kg (Table 16).

During the mass crop ripening period before the 2nd feeding, the amount of nitrogen in the soil
of the 2nd-7th variants was in the range of 60-80 mg/kg. A sharp decrease in the amount of
phosphorus during the full ripening of the cucumber crop was observed in options 1 and 7 and
option 10, where manure was used. The lowest level of phosphorus in these options was 32-42

mg/kg.

A comparison of the results of the soil analysis of the same options area in the period of the
formation of the gross crop of the plant in 2020-2021 showed that the amount of nutrients in
the soil in 2021 has higher values than in 2020. From the given tables 7-8, we can see that the
amount of potassium in the soil decreased by 1.6-1.8 times during 1 month by the time of
maturity of the gross harvest. As a result of the 2nd feeding, it was noted that the amount of
nutrients in the soil of options 4-6, which used biohumus, increased significantly (Appendix 5).

The highest amount of nitrogen in the field soil in the options where biohumus was used was
232.6 mg/kg in the 8th option, and the lowest amount was 149.5 mg/kg in the 2nd option. In
the second feeding, it was observed that the amount of phosphorus was in the range of 105-
140 mg/kg, and the amount of potassium was in the range of 248-385 mg/kg, except for options
1-3, where only mineral fertilizers were used.

Thus, a sufficiently high amount of nutrients was observed in all variants during the growth
period. The third and fourth feedings of the cucumber plant were carried out according to the
plan by the time of ripening of the gross crop.

Tables 17-18 show the results of the greenhouse soil composition analysis of the soil of the
experimental field in different variants of the 3rd stage of feeding before and after feeding the
plant.

The analysis of these tables shows that the amount of nitrogen accumulated after the second
feeding of the plant during the period of gross productivity before the 3rd feeding according to
different options is 39.8-70.7%, phosphorus is 23.4-52.1%, and potassium is 39.51- Up to
59.8% absorption was noted. A sharp decrease of the nutrient element was observed in options
1 and 3 for nitrogen, in options 1 and 7 for phosphorus, and in options 1 and 5 for potassium.

Another advantage of feeding with biohumus when growing cucumbers in greenhouse
conditions, compared to feeding only with mineral fertilizers, is that biohumus can retain
nutrients in its content without immediately transferring them to the soil solution and release
them in the amount needed by the plant. This can be clearly seen in Annex 6 and Table 17,
where the results of soil analysis before 3rd feeding are presented.

Comparing the amount of NPK in the soil of the control option fed only with mineral fertilizer
and options 8 and 9 without mineral fertilizer fed only with biohumus in the table, we can see
that the nutrient elements in the option with mineral fertilizer were sharply reduced in the
period before the next fertilization compared to the options where biohumus was used. In
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variants 8 and 9, where biohumus was used, high values of NPK remained stable throughout
the entire development period of the plant.

Table 17: The amount of NPK in the soil of the greenhouse before the 3rd feeding
during the period of gross plant production (average, 2019-2021)

NPK content in greenhouse soil before the third
Ne | Options pH feeding, mg/kg

N P05 K.O
1 N350P250K170 6,80 | 19,7 25,0 63,7
2 N3s0P250K170+B10(1) 6,83 | 41,4 45,0 116,6
3 N350P250K170+620(1+1) 6,87 | 39,9 47,8 120,0
4 N3s0P2s0K170+B30(1+1+1) 6,80 | 69,9 58,7 107,1
5 N350P250K17o+54o(1+1+1+1) 6,93 68,0 58,3 103,6
6 N3s0P250K170+Bs0) (1+1+1+1+1) 6,90 | 64,5 69,6 114,8
7 Bso(2+1+1+1) 6,97 |39,8 37,7 104,7
8 Bgo(3+2+1+1+1) 7,10 | 140,0 98,8 233,2
9 N350P250K170+B40(40) 7,00 | 112,0 96,9 168,2
10 N350P250K170+H90(3+2+2+2) 6,60 82,4 34,2 95,1

Table 18: The amount of total NPK accumulated in the soil after the 3rd feeding during
the gross production period of the plant (on average 2019-2021)

Amount of NPK in the soil after the third feeding,
Ne | Options pH mg/kg

N P.0Os K.O
1 N350P250K170 6,73 | 42,0 44,4 83,6
2 | NasoPasoKiro+Bio(1) 6,77 | 79,6 66,9 110,1
3 N350P250K170+B20(1+1) 6,80 | 82,2 70,2 123,9
4 N350P250K17o+530(1+1+1) 6,83 120,5 99,8 170,2
5 N350P250K17o+54o(1+1+1+1) 6,87 147,1 112,5 186,6
6 N350P250K170+550) (1+1+1+1+1) 6,90 143,6 121,0 207,7
7 | Boo(2+1+1+1) 6,93 | 87,0 68,7 184,5
8 | Bao(3+2+1+1+1) 7,07 | 210,5 144,0 324,5
9 N3150P250K170+B40(40) 6,93 | 145,6 122,6 198,6
10 N350P250K170+H90(3+2+2+2) 6,63 165,4 68,1 177,0

At this stage of the experiment, it was found that the nutrient content of the greenhouse soil in
options 5-8, where feeding with biohumus was carried out, compared to options treated only
with mineral fertilizers without biohumus.

After the third feeding, it was noted that the amount of nutrients in the soil of options 5-8, where
biohumus and mineral fertilizers were used, was significantly higher than in options 3 and 4,
where only mineral fertilizers were used without biohumus.

From Appendix 7 and Table 18, in options 5-8, where biohumus was used, after the last feeding,
compared to options 1-4, where feeding was carried out only with mineral fertilizers, nitrogen
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was 20-65 mg/kg or 16-82%, phosphorus was 20-50 mg/kg kg or 20-71%, and potassium 43-
84 mg/kg or 26-67% can be seen.

A similar situation is observed in the option where manure is used. After each feeding,
depending on the amount of manure used, an increase in nitrogen, phosphorus and potassium
content was observed compared to the control option.

In the experiment, the amount of NPK in the soil of the greenhouse corresponding to the options
1-4, where feeding with biohumus was carried out up to two times, increases in accordance
with the number of feedings with biohumus. For example, in the control variant where
biohumus was not used at all, the amount of nitrogen is 61% of the amount of nitrogen in
variant 2, where biohumus was used 1 time.

Of the options where feeding with biohumus was stopped, only 2 times biohumus was treated
in the soil of option 4, which retained a high nitrogen content of 120.5 mg/kg.

The changes in the above laws can be observed in P and K as well. After the 3rd feeding, the
amount of P and K in the soil of options 5 and 6 treated with mineral fertilizer and biohumus
was 12-20 mg/kg in terms of phosphorus compared to the amount in the 4th option, where
biohumus was used in the previous two feedings and only mineral fertilizer was used in the 3rd
feeding, and potassium was higher by 22-43 mg/kg.

It was found that the amount of nutrients in the soil of the biohumus-applied option was higher
in the 3rdyear of the experiment than in the first year. For example, in the first year, in the 5th
option, after the 3rd feeding, the amount of NPK accumulated in the soil of the greenhouse is
129.9; At 91.5 and 165.7 mg/kg, these indicators were N-165.6, P-126.6 and K-205.8 mg/kg in
the 3rd year of the experiment (Appendix 6).

Despite the fact that the amount of manure used in the options with manure was higher than
the amount of biohumus, the increase in the amount of nutrients in the soil was lower than in
the options where biohumus was used.

Soil analysis in options where feeding with biohumus was stopped during the period of gross
yield of cucumbers showed a significant decrease in the amount of nutrients in the soil at the
later stages of plant development.

From the third feeding to the fourth feeding, nitrogen in the control variant was from 42.0
mg/kg to 16.2 mg/kg; phosphorus decreased from 44.4 mg/kg to 25.4 mg/kg and potassium
decreased from 83.6 mg/kg to 20.6 mg/kg. By this period (that is, before the 4th feeding), the
amount of NPK in options 1-3 was on average 25-40% of the total amount of NPK accumulated
after the 3rd feeding.

After the 3rd feeding, the highest rate of absorbed nitrogen (61%) corresponded to the first
control variant, and the lowest absorption (27%) corresponded to the 8th variant. It was found
that the amount of total available phosphorus absorbed by plants of different variants was from
25 to 43%, and the absorbed amount of potassium was from 31 to 75%.
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4th feeding with mineral fertilizer and biohumus according to the experimental plan

implemented only in option 6.

Table 19: The content of NPK in the soil of the greenhouse before the 4th feeding of the
plant during the period of gross productivity (average, 2019-2021)

Amount of NPK in the soil before fourth feeding,
Ne | Options pH mg/kg

N P,0s K.O
1 N350P250K170 6,73 | 16,2 25,4 20,6
2 N350P250K170+B10(1) 6,73 33,4 49,9 58,3
3 N350P250K170+B20(1+1) 6,77 | 34,8 45,3 43,8
4 N350P250K170+B30(1+1+1) 6,80 | 60,3 65,2 55,8
5 N350P250K170+B40(1+1+1+1) 6,87 | 58,7 69,1 52,9
6 N350P250K17o+55o) (1+1+1+1+1) 6,87 62,2 86,2 64,6
7 Bso(2+1+1+1) 6,90 | 40,6 43,0 88,7
8 Bso(3+2+1+1+1) 6,97 | 153,7 115,3 223,8
9 N350P250K170+B40(40) 6,97 | 98,7 95,0 108,8
10 | N3soP2soKi7o+Heo(3+2+2+2) 6,63 | 97,7 36,3 68,9

Table 20: The content of NPK in the soil after the 4th feeding during the gross yield
period of the plant (average, 2019-2021)

NPK content in greenhouse soil after 4-feeding,
Ne | Options pH mg/kg

N P,0s K.O
1 N350P250K170 6,70 | 45,3 46,1 43,2
2 N350P250K170+B10(1) 6,70 | 63,4 66,3 81,6
3 N350P250K170+B20(1+1) 6,80 | 58,8 66,3 70,6
4 N350P250K17o+530(1+1+1) 6,80 89,9 91,1 92,9
5 N350P250K170+Ba0(1+1+1+1) 6,90 | 107,7 103,3 99,7
6 N350P250K170+550) (1+1+1+1+1) 6,90 123,7 122,5 157,6
7 Bso(2+1+1+1) 7,00 65,6 62,7 133,6
8 Bsgo(3+2+1+1+1) 7,10 188,9 137,3 267,1
9 N350P250K170+B640(40) 7,00 126,4 114,3 148,8
10 N350P250K170+H90(3+2+2+2) 6,67 127,0 59,3 108,3

From Table 20, the amount of mobile nitrogen, phosphorus and potassium in the soil of option
6, where biohumus was used at the rate of 1 kg/m2 in the fourth feeding, is 2.0, respectively,
compared to their initial amounts before feeding (Table 19 and Appendix 7); It can be seen that
it has increased by 1.4 and 2.4 times.

Thus, repeated feeding with biohumus significantly increased the amount of nutrients in the
soil. In options 1-3, where biohumus was not used in subsequent feeding, significantly lower
NPK content was observed. In all the years of the study, the amount of NPK in the soil of the
experimental field decreased significantly by the time of harvest. At this time, the advantage of
NPK in biohumus-fed variants was preserved compared to the control variant.
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In all options, the amount of mineral nitrogen in the soil increased in accordance with the
number of feedings. In some cases, the results of determination of nitrogen content obtained in
different years under the same option are not repeated (Appendix 8). But in most cases, the
difference between the results of the experiment in the same variant is not big. A similar
situation was observed for phosphorus and potassium.

When growing cucumbers in greenhouse conditions, potassium in the soil increases the yield
of the plant and improves the quality of the product. Generally, when cucumbers are grown in
soil with low potassium content, the proportion of non-standard crops increases. In all years of
the study, there was a tendency to decrease K20 in the soil with harvest. A relatively high
amount of exchangeable potassium was preserved in the variants where biohumus was used a
lot.

Thus, from the results of the agrochemical analysis of the soil corresponding to different stages
of plant development, in the studies conducted on the cultivation of cucumbers in greenhouse
conditions, it was noted that the amount of nutrients in the soil was significantly reduced due
to the formation of the amount of biomass corresponding to the dose of biohumus by the time
of the harvest.

It should be noted that the use of biohumus in combination with mineral fertilizer during the
cultivation of cucumbers in greenhouse conditions made it possible to maintain the amount of
nitrogen in the experimental plot at the same level as it was before planting seedlings at
different stages of plant development. The above trend was also maintained in the amount of
P20s5 and K20 in greenhouse soil after harvesting.

During the three-year research, after harvesting and ending the experiment, the amount of
nutrients in the plow layer of the soil of the experimental plot was monitored. Table 21 shows
the three-year average of the amount of nutrients in the soil after the experiment was
completed in 2019-2021.

Table 21: The results of the analysis of soil composition after harvesting the entire crop
(average 2019-2021)

Amount of NPK in the soil at the end of the
Ne | Options pH growing season, mg/kg

N P,0s K,0
1 N350P250K170 6,73 | 18,9 32,8 26,6
2 N350P250K17o+510(1) 6,77 27,9 51,7 49,1
3 N350P250K17o+520(1+1) 6,87 34,9 49,8 29,0
4 N350P250K17o+530(1+1+1) 6,80 45,5 73,8 38,1
5 N350P250K17o+54o(1+1+1+1) 6,90 50,8 80,3 50,6
6 N350P250K17o+550) (1+1+1+1+1) 6,93 64,0 101,4 100,4
7 Bso(2+1+1+1) 6,97 | 27,9 45,2 92,9
8 Bso(3+2+1+1+1) 7,03 | 110,0 119,3 221,0
9 N350P250K170+b640(40) 7,00 | 93,0 101,1 92,5
10 | NisoP2soKi7o+Hgo(3+2+2+2) 6,77 | 91,0 48,7 69,0
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From the results of the analysis of the fully harvested soil, it was observed that in the third year
of the experiment in greenhouse conditions, the amount of NRC in the soil was 1.8-2.0 times
higher than the amount of residual NRC in the first year of the experiment (Appendix 9). In the
control variant where biohumus was not used, such an increase in the amount of nutrients was
not observed in the following years of the experiment.

Comparing the amount of NPK determined after feeding for each option with the amount of NPK
before feeding in these options shows the increase in the amount of nutrients in 2019-2021: N-
1.2-1.7; P-1.2-2.0; It shows that K-1.2-2.3 times. This mainly corresponded to options 5-8, where
feeding with biohumus in the amount of 1.0 kg/m2 was carried out in several stages. According
to option 5, the amount of nitrogen in the soil increased from 50 mg/kg to 90 mg/kg, the amount
of phosphorus from 53 mg/kg to 101 mg/kg, and the amount of potassium from 49 mg/kg to 66
mg/kg was observed in the 3rd year.

In option 9, where 4.0 kg/m? of biohumus was used under the plow, at the end of the experiment,
the amount of NPK in the soil of the experimental plot decreased from the optimum. At the end
of the experiment, a significant decrease in NPK was observed in the soil of the site where
manure was used at the rate of 2 kg/m? for feeding.

As aresult of intensive use of the soil in greenhouse conditions, it was observed that the amount
of mineral substances necessary for the development of the plant, especially micro- and
macroelements in the mobile form, in the soil of the control option, where only mineral fertilizer
was used, was significantly reduced. Usually, in such cases, it is required to use high-quality
mineral fertilizers and other chemical compounds in order to obtain a high yield under closed
soil conditions. As a result, an excess amount of harmful chemicals accumulates in the crop. The
use of biohumus during feeding prevents such unpleasant situations.
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Pre-planting agrochemical analysis of greenhouse soil plowed with mineral and

Appendix 1

organic fertilizers (biohumus, gunk)

Amount of NPK in the soil before transplanting,
Ne | Options pH mg/kg
Nm | P,0s | K,0

2019 years

1 N3s0P250K170 6,8 96,5 58,5 323,5
2 N350P250K170+B10(1) 6,7 114,1 70,7 331,8
3 N350P250K170+520(1+1) 6,9 120,5 71,1 327,0
4 N3s0P250K170+630(1+1+1) 6,8 121,1 73,0 322,8
5 N350P250K170+B40(1+1+1+1) 6,9 120,2 71,7 319,9
6 N3s0P250K170+Bs0) (1+1+1+1+1) 6,9 121,1 70,7 327,8
7 Bso(2+1+1+1) 7,0 122,2 70,4 339,5
8 Bso(3+2+1+1+1) 7,1 150,3 80,1 364,0
9 N350P250K170+B40(40) 7,0 194,4 108,0 422,0
10 | N3soP2soKi70+Hgoo(3+2+2+2) 6,6 130,1 70,6 340,1
2020 years

1 Nzs0P250K170 6,7 104,5 60,0 322,5
2 N350P250K170+610(1) 6,8 120,1 73,9 344,8
3 N350P250K170+620(1+1) 6,9 123,5 76,1 337,0
4 N3soP2s0K170+B30(1+1+1) 6,9 125,1 78,0 332,8
5 N350P250K170+540(1+1+1+1) 6,9 123,2 75,7 329,9
6 N350P250K170+550) (1+1+1+1+1) 6,9 124,1 72,7 337,8
7 Bso(2+1+1+1) 7,0 126,2 77,4 348,5
8 Bso(3+2+1+1+1) 7,1 156,6 83,1 378,1
9 N350P250K170+B640(40) 7,2 197,0 119,8 432,0
10 N350P250K170+H90(3+2+2+2) 6,7 135,1 68,6 334,1
2021 years

1 N3s50P250K170 6,5 94,5 63,7 318,5
2 N350P250K170+51o(1) 6,7 128,1 78,7 356,1
3 N350P250K170+520(1+1) 6,9 130,5 78,1 341,0
4 N350P250K170+530(1+1+1) 6,8 129,1 89,0 341,8
5 N350P250K170+540(1+1+1+1) 6,9 126,2 77,7 340,9
6 N350P250K170+550) (1+1+1+1+1) 6,9 129,1 75,7 344,8
7 Bso(2+1+1+1) 7,1 133,2 86,4 350,5
8 Bso(3+2+1+1+1) 7,2 162,6 88,1 386,0
9 N350P250K170+540(40) 7,1 204,0 121,8 438,0
10 N350P250K170+H90(3+2+2+2) 6,6 124,5 65,7 328,5
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The result of soil analysis before pickin

APPENDIX-2

the first crop (NPK amount, mg/kg)

NPK available in greenhouse soil before first
Ne | Options pH feeding, mg/kg

N | P,0s | K0
2019 years
1 Nz50P250K170 6,6 72,4 43,4 198,0
2 N3s0P250K170+B10(1) 6,9 87,1 52,1 226,8
3 N350P250K170+620(1+1) 6,9 84,5 55,7 219,5
4 N3s0P250K170+630(1+1+1) 6,7 85,1 52,7 209,7
5 N350P250K170+Bao(1+1+1+1) 6,9 82,3 55,1 222,8
6 N3s0P2s0K170+Bso) (1+1+1+1+1) 6,9 91,1 51,9 212,3
7 Bso(2+1+1+1) 6,9 83,2 50,4 229,5
8 Bso(3+2+1+1+1) 7,1 108,3 61,1 249,0
9 N350P250K170+B40(40) 7,0 142,4 95,8 227,3
10 N350P250K170+H90(3+2+2+2) 6,7 111,2 52,6 225,1
2020 years
1 N3s50P250K170 6,7 73,2 46,6 209,6
2 N350P250K170+B10(1) 6,7 02,9 56,9 230,6
3 N350P250K170+520(1+1) 6,8 86,5 58,6 32,1
4 N350P250K170+530(1+1+1) 6,9 89,6 57,0 22,8
5 N350P250K170+540(1+1+1+1) 6,9 86,2 59,3 30,4
6 N350P250K170+550) (1+1+1+1+1) 6,9 94,8 55,2 235,1
7 | Bso(2+1+1+1) 70 B83 54,2 036,5
8 | Bao(3+2+1+1+1) 71 n17,0 64,0 D59,3
9 N350P250K170+B40(40) 7,0 148,0 102,2 290,8
10 N350P250K170+H90(3+2+2+2) 6,7 94,6 56,8 217,2
2021 years
1 Nzs0P250K170 6,8 70,9 41,0 23,0
2 N3s0P250K170+b610(1) 6,7 07,3 59,0 R42,3
3 N350P250K170+520(1+1) 6,9 93,4 65,1 238,7
4 N350P250K170+530(1+1+1) 6,9 96,8 59,2 242,3
5 N350P250K170+540(1+1+1+1) 6,9 92,4 67,2 238,6
6 N350P250K170+550) (1+1+1+1+1) 6,9 99,3 58,4 250,9
7 Bso(2+1+1+1) 7,1 06,9 58,1 63,4
8 Bso(3+2+1+1+1) 7,1 124,0 65,7 73,2
9 N3s0P250K170+B40(40) 7,0 156,0 107,4 806,6
10 | N3soP2soK170+Hgo(3+2+2+2) 6,8 100,9 54,0 213,0
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APPENDIX -3
The Amount Of Nutrients Accumulated In Greenhouse Soil After The First Feeding

Amount of NPK in greenhouse soil after the first
Ne | Options pH feeding, mg/kg
Nm | P,0s | K20

2019 years

1 N350P250K170 6,8 101,4 62,4 221,0
2 N3s0P250K170+B10(1) 6,9 131,1 81,1 270,7
3 N3s0P250K170+B20(1+1) 6,9 151,2 94,8 288,5
4 N3s0P2s0K170+B30(1+1+1) 7,0 150,2 92,0 291,5
5 N350P250K170+Bao(1+1+1+1) 6,9 161,2 92,8 296,5
6 N350P250K170+Bs0) (1+1+1+1+1) 6,9 158,2 102,8 286,5
7 Bso(2+1+1+1) 7,2 148,4 82,9 301,0
8 Bgo(3+2+1+1+1) 7,1 203,7 120,8 361,1
9 N350P250K170+B640(40) 7,2 241,6 152,5 383,5
10 N350P250K170+H90(3+2+2+2) 6,5 183,4 87,3 302,5
2020 years

1 N350P250K170 6,8 102,2 65,6 232,6
2 N350P250K170+B610(1) 6,7 136,9 88,9 280,5
3 N350P250K17o+520(1+1) 6,8 159,2 06,7 295,1
4 N350P250K17o+530(1+1+1) 6,9 155,7 09,3 289,6
5 N350P250K17o+54o(1+1+1+1) 6,9 166,1 100,0 293,1
6 N350P250K17o+550) (1+1+1+1+1) 6,9 161,9 109,1 297,3
7 Bso(2+1+1+1) 7,0 153,5 88,7 313,0
8 Bgo(3+2+1+1+1) 7,1 212,4 123,7 378,4
9 N350P250K17o+54o(40) 7,0 237,2 148,9 397,0
10 N350P250K170+H90(3+2+2+2) 6,5 166,8 84,5 284,6
2021 years

1 N350P250K170 6,8 09,9 70,0 246,0
2 N350P250K170+B610(1) 6,8 146,3 61,0 292,2
3 N350P250K17o+520(1+1) 6,9 158,1 103,2 304,7
4 N350P250K170+B30(1+1+1) 7,0 168,9 101,5 302,1
5 N350P250K170+B40(1+1+1+1) 6,9 170,3 108,9 297,3
6 N350P250K17o+550) (1+1+1+1+1) 6,9 166,4 118,3 315,1
7 Bso(2+1+1+1) 7,1 162,1 89,6 321,9
8 Bso(3+2+1+1+1) 7,1 229,4 130,4 395,3
9 N350P250K170+B40(40) 7,0 245,2 154,1 412,8
10 | N3soP2s0Ki70+Hgo(3+2+2+2) 6,6 143,1 82,7 290,4
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APPENDIX -4
The amount of NPK present in the greenhouse soil before the 2nd feeding of the plant
during the period of gross productivity

Amount of NPK present in greenhouse soil before
Ne | Options pH second feeding, mg/kg
Nm | P,0s | K,0

2019 years

1 N350P250K170 6,9 35,7 25,6 113,6
2 N350P250K170+B10(1) 6,7 49,3 41,9 123,8
3 N350P250K17o+520(1+1) 6,9 64,4 49,2 140,5
4 N3s0P2s0K170+B30(1+1+1) 6,8 68,3 50,1 148,2
5 N350P250K170+6a0(1+1+1+1) 6,9 76,4 45,4 143,6
6 N350P250K17o+550) (1+1+1+1+1) 6,9 71,4 54,3 150,2
7 Bso(2+1+1+1) 7,0 65,5 38,0 149,0
8 Bgo(3+2+1+1+1) 7,1 105,0 66,4 230,8
9 N350P250K170+B640(40) 7,0 153,0 98,0 262,9
10 N350P250K170+H90(3+2+2+2) 6,6 91,1 36,0 132,3
2020 years

1 N350P250K170 6,7 32,9 21,3 103,1
2 N350P250K170+B10(1) 6,6 58,8 47,6 150,6
3 N350P250K170+B620(1+1) 6,7 73,9 52,2 146,7
4 N3soP2s0K170+B30(1+1+1) 6,8 77,4 54,6 159,0
5 N350P250K170+Ba0(1+1+1+1) 6,9 72,8 55,7 158,7
6 N350P250K17o+55o) (1+1+1+1+1) 6,9 74,7 64,7 168,8
7 Bso(2+1+1+1) 7,0 68,8 40,6 152,6
8 Bsgo(3+2+1+1+1) 7,0 121,1 70,9 237,2
9 N350P250K170+B640(40) 6,9 161,0 104,1 17,7
10 N350P250K170+H90(3+2+2+2) 6,7 74,0 27,5 127,4
2021 years

1 N350P250K170 6,8 37,6 50,6 123,6
2 N350P250K17o+510(1) 6,7 71,0 57,4 182,3
3 N350P250K17o+520(1+1) 6,9 94,1 65,2 194,7
4 N350P250K17o+530(1+1+1) 6,8 93,5 67,8 188,5
5 N350P250K17o+54o(1+1+1+1) 6,9 100,8 70,1 201,6
6 N350P250K17o+550) (1+1+1+1+1) 6,9 91,3 79,5 204,4
7 Bso(2+1+1+1) 7,0 79,5 49,3 199,8
8 Bgo(3+2+1+1+1) 7,1 139,0 89,4 44,6
9 N350P250K17o+54o(40) 7,0 175,0 110,0 209,3
10 N350P250K170+H90(3+2+2+2) 6,7 81,2 a4,7 167,6
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APPENDIX -5

Amount of total nutrients accumulated in greenhouse soil after second feeding

Amount of total NPK accumulated after the second
Ne | Options pH [feeding, mg/kg
Nm | P,0s | K20

2019 years

1 N350P250K170 6,8 63,9 44,6 146,8
2 N3s0P250K170+B10(1) 6,9 95,8 62,1 177,3
3 N350P250K170+620(1+1) 6,9 128,0 75,9 216,8
4 N350P250K170+B30(1+1+1) 6,8 134,5 103,0 245,1
5 N350P250K170+B40(1+1+1+1) 6,9 150,7 93,0 248,1
6 N350P250K17o+550) (1+1+1+1+1) 7,0 146,7 102,0 245,0
7 Bso(2+1+1+1) 7,0 107,4 63,3 228,8
8 Bgo(3+2+1+1+1) 7,1 221,8 118,0 366,0
9 N350P250K170+B640(40) 7,0 205,9 142,0 315,7
10 N350P250K170+H90(3+2+2+2) 6,5 164,0 72,5 235,7
2020 years

1 N350P250K170 6,8 51,9 40,7 126,4
2 N350P250K170+B610(1) 6,7 102,3 71,7 194,3
3 N350P250K17o+520(1+1) 6,9 135,4 01,7 221,3
4 N350P250K17o+530(1+1+1) 6,8 144,0 108,8 258,4
5 N350P250K17o+54o(1+1+1+1) 6,9 159,4 104,9 254,1
6 N350P250K17o+550) (1+1+1+1+1) 6,9 151,3 108,9 268,2
7 Bso(2+1+1+1) 7,0 114,1 76,1 239,1
8 Bgo(3+2+1+1+1) 7,1 228,1 125,2 381,2
9 N350P250K170+B640(40) 7,0 210,1 132,3 322,8
10 N350P250K170+H90(3+2+2+2) 6,7 142,0 61,4 191,7
2021 years

1 N350P250K170 6,6 82,6 70,0 176,9
2 N350P250K170+B10(1) 6,9 117,5 01,5 216,0
3 N350P250K170+B20(1+1) 6,9 145,6 100,7 249,3
4 N350P250K170+630(1+1+1) 6,8 170,1 117,0 277,9
5 N350P250K170+Bao(1+1+1+1) 7,1 177,4 119,3 71,0
6 N350P250K170+Bs0) (1+1+1+1+1) 6,9 167,9 128,7 283,8
7 Bso(2+1+1+1) 7,0 144,8 04,8 76,3
8 Bso(3+2+1+1+1) 7,1 48,0 143,7 408,6
9 N350P250K170+B40(40) 6,9 24,1 148,2 344,4
10 | N3soP2s0Ki70+Hgo(3+2+2+2) 6,6 159,2 78,6 261,9
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The amount of NPK in the soil of the greenhouse before the 3rd feeding during the

APPENDIX -6

period of gross plant productivity

Amount of NPK present in the greenhouse soil

Ne | Options pH before the third feeding, mg/kg

Nm | P,0s | K,0
2019 years
1 N350P250K170 6,8 19,7 20,9 76,9
2 N350P250K170+B10(1) 6,9 36,5 36,6 102,7
3 N350P250K17o+520(1+1) 6,9 33,0 41,8 107,1
4 N3s0P2s0K170+B30(1+1+1) 6,8 55,5 51,2 93,2
5 N350P250K170+B4g(1+1+1+1) 6,9 50,8 50,7 92,2
6 N350P250K170+Bs0) (1+1+1+1+1) 6,8 52,7 61,9 95,3
7 Bso(2+1+1+1) 7,0 32,9 32,5 93,9
8 Bgo(3+2+1+1+1) 7,1 135,0 86,0 216,5
9 N350P250K170+B640(40) 7,0 100,0 83,7 150,6
10 N350P250K170+H90(3+2+2+2) 6,6 90,7 22,5 102,3
2020 years
1 N350P250K170 6,8 16,6 24,1 44,0
2 N3s0P250K170+610(1) 6,7 38,2 44,4 111,9
3 N350P250K170+B620(1+1) 6,8 40,1 45,5 118,6
4 N350P250K17o+53o(1+1+1) 6,8 72,3 58,2 103,6
5 N350P250K170+Bao(1+1+1+1) 7,0 66,6 58,5 105,8
6 N3s0P250K170+Bs0) (1+1+1+1+1) 6,9 61,9 70,7 120,3
7 Bso(2+1+1+1) 7,0 38,9 37,6 105,9
8 Bsgo(3+2+1+1+1) 7,1 139,0 03,6 225,0
9 N350P250K170+B640(40) 7,0 109,9 06,1 160,0
10 N350P250K170+H90(3+2+2+2) 6,7 77,5 29,8 72,9
2021 years
1 N350P250K170 6,8 22,8 30,1 70,1
2 N350P250K17o+510(1) 6,9 49,6 53,8 135,2
3 N350P250K17o+520(1+1) 6,9 46,5 56,1 134,3
4 N350P250K17o+530(1+1+1) 6,8 81,8 64,8 124,4
5 N350P250K17o+54o(1+1+1+1) 6,9 86,5 65,8 112,9
6 N350P250K17o+550) (1+1+1+1+1) 7,0 78,8 76,1 128,8
7 Bso(2+1+1+1) 6,9 47,5 13,0 114,4
8 Bsgo(3+2+1+1+1) 7,1 146,0 117,0 258,1
9 N350P250K17o+54o(40) 7,0 126,0 111,0 193,9
10 N350P250K170+H90(3+2+2+2) 6,5 79,0 50,2 110,1

URL: http://dx.doi.org/10.14738/aivp.113.14926

789



European Journal of Applied Sciences (EJAS)

Vol. 11, Issue 3, June-202

3

APPENDIX -7
Amount of NPK contained in the soil of the greenhouse before the 4th feeding during

the period of gross plant productivity

the amount of NPK contained in the soil before
Ne | Options pH fourth feeding, mg/kg

Nm | P,0s | K,0
2019 years
1 N350P250K170 6,8 14,3 23,2 19,3
2 N350P250K170+B10(1) 6,7 29,2 44,3 47,5
3 N350P250K17o+520(1+1) 6,7 24,7 36,1 30,6
4 N3s0P2s0K170+B30(1+1+1) 6,7 51,7 55,6 42,8
5 N350P250K170+Bao(1+1+1+1) 6,8 37,8 56,3 37,9
6 N350P250K170+Bs0) (1+1+1+1+1) 6,8 51,7 68,6 44,1
7 Bso(2+1+1+1) 7,0 37,1 36,4 79,5
8 Bso(3+2+1+1+1) 7,1 149,0 102,0 208,0
9 N350P250K170+B640(40) 7,0 90,0 78,6 96,0
10 N350P250K170+H90(3+2+2+2) 6,7 107,0 36,3 73,1
2020 years
1 N350P250K170 6,6 10,9 22,7 15,8
2 N3s0P250K170+610(1) 6,7 33,1 49,9 55,1
3 N350P250K170+B20(1+1) 6,7 34,9 42,4 47,6
4 N350P250K17o+53o(1+1+1) 6,9 59,1 66,4 54,0
5 N350P250K17o+54o(1+1+1+1) 6,9 64,6 73,5 47,6
6 N3s0P250K170+Bs0) (1+1+1+1+1) 6,9 60,8 83,1 63,7
7 Bso(2+1+1+1) 6,9 38,7 40,1 84,6
8 Bsgo(3+2+1+1+1) 6,9 152,0 116,0 228,0
9 N350P250K17o+54o(40) 7,0 08,1 87,5 108,7
10 N350P250K170+H90(3+2+2+2) 6,6 04,5 32,1 56,0
2021 years
1 N350P250K170 6,8 23,5 30,2 26,7
2 N350P250K17o+510(1) 6,8 38,0 55,6 72,2
3 N350P250K17o+520(1+1) 6,9 a4,7 67,5 63,1
4 N350P250K17o+530(1+1+1) 6,8 70,0 73,7 70,7
5 N350P250K17o+54o(1+1+1+1) 6,9 73,6 77,4 73,1
6 N350P250K17o+550) (1+1+1+1+1) 6,9 74,1 107,0 86,0
7 Bso(2+1+1+1) 6,8 16,1 52,6 102,2
8 Bsgo(3+2+1+1+1) 6,9 160,0 128,0 235,3
9 N350P250K17o+54o(40) 6,9 108,0 119,0 121,8
10 N350P250K170+H90(3+2+2+2) 6,6 91,6 40,4 77,7
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APPENDIX -8
The amount of NPK accumulated in the soil of the greenhouse after the 4th feeding of
the plant during the period of gross productivity

Amount of NPK accumulated in greenhouse soil
Ne | Options pH after 4-feeding, mg/kg

Nm | P,0s | K,0
2019 years
1 N350P250K170 6,7 43,3 27,6 34,6
2 N350P250K170+B10(1) 6,7 58,2 53,7 60,8
3 N350P250K17o+520(1+1) 6,8 46,2 50,1 57,4
4 N3s0P2s0K170+B30(1+1+1) 6,8 80,7 81,3 70,0
5 N350P250K17o+54o(1+1+1+1) 6,9 91,8 91,4 86,0
6 N350P250K17o+550) (1+1+1+1+1) 6,9 111,0 89,4 137,2
7 Bso(2+1+1+1) 7,0 52,1 47,1 124,3
8 Bso(3+2+1+1+1) 7,1 185,0 124,0 276,7
9 N350P250K170+B640(40) 7,0 116,0 98,0 179,3
10 N350P250K170+H90(3+2+2+2) 6,6 134,0 42,7 112,4
2020 years
1 N350P250K170 6,7 39,9 44,1 45,1
2 N350P250K170+B610(1) 6,7 62,1 65,3 88,4
3 N350P250K170+B620(1+1) 6,7 53,9 63,4 74,4
4 N350P250K170+B30(1+1+1) 6,8 89,1 02,1 101,2
5 N350P250K17o+54o(1+1+1+1) 6,9 103,6 105,6 91,7
6 N350P250K170+Bs0) (1+1+1+1+1) 6,9 119,8 130,0 156,8
7 Bso(2+1+1+1) 7,0 68,7 60,8 129,4
8 Bsgo(3+2+1+1+1) 7,1 186,0 138,0 250,7
9 N350P250K170+B640(40) 7,0 123,1 116,9 122,0
10 N350P250K170+H90(3+2+2+2) 6,7 119,0 58,5 85,3
2021 years
1 N350P250K170 6,7 52,5 66,6 49,9
2 N350P250K17o+510(1) 6,7 70,0 80,0 95,5
3 N350P250K17o+520(1+1) 6,9 76,2 85,5 79,9
4 N350P250K17o+530(1+1+1) 6,8 100,0 100,0 107,7
5 N350P250K17o+54o(1+1+1+1) 6,9 127,6 113,0 121,4
6 N350P250K17o+550) (1+1+1+1+1) 6,9 140,2 148,0 178,9
7 Bso(2+1+1+1) 7,0 76,1 78,3 147,0
8 Bsgo(3+2+1+1+1) 7,1 195,6 150,0 273,9
9 N350P250K17o+54o(40) 7,0 140,0 128,0 145,2
10 N350P250K170+H90(3+2+2+2) 6,7 128,0 76,8 127,2
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APPENDIX-9

. Amount of NPK in harvested soil, mg/kg
Ne | Options pH NM I P,0s ‘ K0
2019 years
1 N350P250K170 6,7 18,9 23,0 25,6
2 N3s0P250K170+B610(1) 6,7 27,9 41,5 30,2
3 N350P250K170+B20(1+1) 6,8 34,9 34,3 20,3
4 N3s0P2s0K170+B30(1+1+1) 6,8 45,5 56,2 29,7
5 N350P250K17o+54o(1+1+1+1) 6,9 50,8 52,8 36,4
6 N350P250K17o+550) (1+1+1+1+1) 6,9 64,0 67,3 78,3
7 Bso(2+1+1+1) 7,0 27,9 27,6 75,5
8 Bgo(3+2+1+1+1) 7,1 110,0 108,0 203,0
9 N350P250K17o+54o(40) 7,0 93,0 78,2 75,0
10 N350P250K170+H90(3+2+2+2) 6,8 91,0 39,9 78,3
2020 years
1 N350P250K170 6,7 [16,3 29,5 22,9
2 N350P250K17o+510(1) 6,7 40,4 50,5 45,0
3 N350P250K17o+520(1+1) 6,9 35,4 49,8 24,8
4 N350P250K17o+530(1+1+1) 6,8 63,4 75,0 35,9
5 N350P250K17o+54o(1+1+1+1) 6,9 76,2 87,0 49,0
6 N350P250K17o+550) (1+1+1+1+1) 7,0 79,7 107,0 97,0
7 | Bso(2+1+1+1) 69 B5,1 42,6 b1,3
8 Bgo(3+2+1+1+1) 6,9 (137,5 114,0 221,0
9 N3s0P250K170+B40(40) 7,0 1007,1 05,0 88,6
10 N350P250K170+H90(3+2+2+2) 6,8 90,1 44,4 34,1
2021 years
1 N350P250K17o 6,8 20,2 45,9 31,2
2 N350P250K170+B10(1) 6,9 50,0 63,1 72,1
3 N350P250K170+B20(1+1) 6,9 #8,6 65,3 41,9
4 N350P250K170+B30(1+1+1) 6,8 75,1 00,2 48,8
5 N350P250K17o+54o(1+1+1+1) 6,9 90,0 101,0 66,3
6 N3s0P250K170+Bs0) (1+1+1+1+1) 6,9 (01,0 130,0 126,0
7 Bso(2+1+1+1) 70 49,4 65,5 112,0
8 Bso(3+2+1+1+1) 7,1 [146,0 136,0 239,0
9 | NasoPasoKizo+Bao(40) 70 16,0 130,0 114,0
10 | N3soP2soKi7o+Heo(3+2+2+2) 6,7 100,0 61,8 04,6
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