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Abstract

The article presents data on the effects of individual and combined applications of mineral (NPK) and organic fertilizers on the biomass of roots,
stubble residues, aboveground plant parts and grain yield of amaranth cultivated in sierozem-meadow soils of the Zeravshan Valley, Uzbekistan. The
field experiments followed a two-phase design. First, the impact of different nitrogen fertilizer doses (N150-300) (combined with phosphorus and
potassium fertilizers-P150K200) was evaluated. Second, the study examined the effects of separate versus joint applications of chemical and organic
fertilizers on amaranth productivity. The application of nitrogen fertilizers against a background of phosphorus and potassium, as well as the
combined use of mineral and organic fertilizers, significantly increased the mass of root and stubble residues, aboveground biomass and grain yield
in amaranth plants. These findings indicate a deficiency of mobile nutrients in the soil, which limits optimal amaranth growth. Therefore, when
applying nitrogen fertilizers against the background of P150K200, complete mineral fertilizers (NPK), 30 t/ha of cattle manure and combined use of 30
t/ha of manure with different NPK rates, the yield of grain and biomass of the aboveground and underground parts of amaranth increases
significantly. For example, nitrogen fertilizers at rates from 150 kg/ha to 300 kg/ha against the background of P150K200 increased the amaranth yield
by 4.26-27.04 c/ha or by 46.46-94.87 c/ha. The application of complete mineral fertilizers (NPK) compared to the control without fertilizers - by 8.87-
20.14 c/ha or 50.06-113.66 %, 30 t/ha of cattle manure - 14.01 ¢/ha or 79.06 %. The combined application of 30 t/ha of manure with different rates of
mineral fertilizers increased the amaranth grain yield by 16.56-20.65 c/ha or 93.45-116.53 %. However, when the rate of nitrogen fertilizers increased
from 250 kg/ha to 300 kg/ha, the amaranth yield did not increase significantly. The same pattern was observed when the rate of mineral fertilizers
increased from N250P175K125 to N300P210K150. Increasing the rate of mineral fertilizers against the background of 30 t/ha of manure from
N100P70K50 to N150P105K75 and to N200P140K100 did not have a significant effect on the amaranth yield. However, there was a significant
difference in the amaranth yield between the N100P70K50+30 t/ha of manure and N200P140K100+30 t/ha of manure variants. The best results were
obtained in the variants where 30 t/ha of manure+N200P140K100 and 250 kg/ha of nitrogen were added against the background of phosphorus and
potassium fertilizers (P150K200). Thus, mineral and organic fertilizers improve the nutrition, growth and development of amaranth plants and
significantly increase the biomass and grain yield of amaranth in the conditions of sierozem -meadow soils of the Zeravshan valley.
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Introduction the ideal protein (comparable to egg protein) is rated at 100
points, casein from milk scores 72 points, soy 68, wheat 58, corn
44 and amaranth 75 points (20). Amaranth leaves can
accumulate up to 29 % high-quality protein on a dry-weight
basis. In addition to its high protein content, amaranth seeds
serve as a valuable source of oil and squalene (21). Squaleneis a
hydrocarbon derived from isoprene and acts as a precursor to
triterpenes and steroid compounds. Amaranth oil contains 8 %
squalene, making it a significant source of this compound (22).
Amaranth also contributes to soil health by leaving behind
substantial root and stubble residues (20, 21, 23, 24). In chestnut
soils, research conducted over three years found that amaranth
cultivation produced 7.58-9.37 t/ha of root residues and 1.16-
2.09 t/ha of stubble residues (12). These residues positively
impact humus formation and soil nutrient content (25-27).

Amaranth is an important agricultural crop, recognized by FAO
(2010) as the “crop of the 21st century” and is a C4 plant (1-3)
known for its high productivity, drought resistance, salt
tolerance and adaptability to a various of soil and climatic
conditions. Amaranth is responsive to agricultural practices,
resistant to pests and diseases and capable of synthesizing and
accumulating high-quality protein (4-15). Amaranth products
are considered among the most nutritionally valuable
agricultural crops (16, 17). The protein content in amaranth grain
ranges from 13.1 % to 21.5 % (18), significantly higher than that
of wheat and other cereal crops. In terms of essential amino acid
composition (lysine, valine, tryptophan, threonine, methionine),
amaranth surpasses all other crops, including soybeans (19). If
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Furthermore, the remains of amaranth roots and
stubble increase the level of organic matter in the soil,
stimulating the activity of microorganisms involved in humus
formation and nutrient cycling. This effect is particularly
notable in the sierozem soils and meadow-sierozem soils of
the Zeravshan Valley, where microbiological activity is
naturally high (28). According to previous studies (29),
genotypic specificity plays the most significant role in biomass
formation and amaranth yield accumulation. Its contribution
to amaranth biomass formation is 31 %, while weather
conditions contribute 26 % and soil conditions 22 %. The
amaranth plant is responsive to the application of mineral
fertilizers and nitrogen makes the greatest contribution to the
formation of biomass (10 %), followed by potassium (7 %) and
phosphorus (4 %) (29). The application of mineral fertilizers
during amaranth cultivation significantly increases yield and
improves product quality (30, 31). Amaranth tolerates calcium
1.5-2 times more than corn and zinc 1.4-2.1 times more (31).
Organic and organomineral fertilizers also significantly affect
the growth, development, yield and quality of amaranth
products (32-35). When compost is combined with mineral
fertilizers, amaranth green mass yield reaches 18.9 t/ha,
compared to 17.6 t/ha when using only NPK (36).

Fertilizers positively impact plant height, leaf number
and area, dry mass, nutrient content and overall crop quality of
amaranth (32, 37-41). Based on their effects on growth, yield, leaf
number and stem girth, fertilizers are ranked as follows: cattle
manure > compost > NPK 15-15-15 (42). Compost from cattle
manure enhances amaranth grain growth, yield and quality
more effectively than compost from bird droppings (43). The
nutritional composition of amaranth follows the order: grain >
leaves > stem.

Amaranth exhibits high resistance to harmful elements
due to the release of specialized root exudates that help
cleanse the arable soil layer (44). It effectively removes toxic
substances, including petroleum products and heavy metals,
from the soil (45). In the Zeravshan valley, soils contaminated
with heavy metals are commonly found (46-48). Additionally,
large amounts of heavy metals are carried by the wind each
year from the dried-up bottom of the Aral Sea, further polluting
irrigated soils. Since the soils of the Aral Sea basin contain
significant heavy metal concentrations-primarily in a non-
adsorbed, water-soluble form-they pose a serious
environmental risk (49). Amaranth plays a crucial role in
mitigating heavy metal contamination in these soils,
contributing to improved soil health and environmental
sustainability.

Table 1. Design of field experiments

Material and Methods

The experiments were conducted on old-irrigated meadow-
sierozem soils in the Djambay district of the Samarkand region of
Uzbekistan. The experiment 1 took place from 2015 to 2017 and
the experiment 2 - from 2017 to 2019. In experiment 1, against the
background of P150K200, the effect of different doses of nitrogen
fertilizers (from 150 to 300 kg/ha) on the dynamics of nutrients in
the soil, plant nutrition, biomass accumulation and amaranth
yield was studied. The experiment 2 examined the separate and
combined application of mineral and organic fertilizers (Table 1).
The soil in the experimental fields had a medium loamy texture.
In the arable layer of the first experiment, the humus content was
1.32 %, with total nitrogen, phosphorus and potassium levels of
0.128 %, 0.174 % and 2.8 %, respectively. Ammonium nitrogen (N
-NH,) was 8.8 ppm, nitrate nitrogen (N-NO,) was 17.6 ppm,
mobile phosphorus was 22.6 ppm and exchangeable potassium
was 200 ppm and the soil pH was 7.4. In the second experiment,
the arable soil layer contained 1.12 % humus, with total nitrogen,
phosphorus and potassium levels of 0.108 %, 0.164 % and 2.38 %,
respectively. Ammonium nitrogen was 14.5 ppm, nitrate nitrogen
was 17.3 ppm, mobile phosphorus was 214 ppm and
exchangeable potassium was 220 ppm. The soil pH was 7.35
(Table 2).

Nitrogen fertilizers were used in the form of ammonium
nitrate - NH4NO; (34.5 % N), phosphorus fertilizers - simple
superphosphate (Ca (H.POs) 2H,O + 2CaS0. (18 % P,0s)) and
amorphous (NHsH,PO, (11 % N and 46 % P,0s)), potassium
fertilizers - in the form of potassium chloride (KCl (60 % K,0)).
Semi-rotted cattle manure was used as an organic fertilizer,
containing an average of 0.5 % total nitrogen, 0.25 %
phosphorus and 0.6 % potassium. Semi-rotted cattle manure
was used as organic fertilizer. Its content of total nitrogen
averaged 0.5 %, phosphorus - 0.25 %, potassium - 0.6 %.

The first field experiment consisted of six variants,
arranged in four replicates across 24 plots. The second
experiment included ten variants, arranged in four replicates
across 40 plots. Each plot measured 40 m in length and 5.6 m in
width, with a total area of 224 m? of which 112 m? were
designated as accounting plots. Each plot contained eight rows,
with the four middle rows used for data collection and the two
outer rows serving as protective buffers. In the counting rows,
100 model plants were selected for biometric measurements
and phenological observations, distributed at the beginning,
middle and end of the rows according to a 33:34:33 schemes.
Humus content in the soil was determined by the Tyurin
method, total nitrogen, phosphorus and potassium - by the

1-experience: 2015-2017

2-experience: 2017-2019

1. Control (without fertilizers)
2. P1soKzno-background (PK)
3. PK+N1sq
4. PK +N2go
5- PK +N250
6- PK +N300

1. Control (without fertilizers)
2- N 100 P70 KSO
3.N1soP10sK7s
4- N200P140 KlOO
5- N250P175 K125
6- N300P210K150

7. 30 t/ha manure
8. N10oP0Kso+30 t/ha of manure
9. Ni50P105K75+30 t/ha of manure

10.N200P140K100+30 t/ha of manure

Table 2. Agrochemical properties of soils of experimental fields

Number of Total, % Mobile forms, ppm
N : H s % H
° experiments umus, “ N P05 K.0 N-NH, N-NO: P,0s K.0 P
1 Experiment 1 1,32 0,128 0,174 2,80 8,8 17,6 22,6 200 7,40
2 Experiment 2 1,12 0,108 0,164 2,38 14,5 17,3 21,4 220 7,35
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Maltseva-Gritsenko  method. Ammonium nitrogen was
determined photometrically on a spectrophotometer, nitrate
nitrogen - photometrically, by the Grandval-Lyazh method.
Mobile phosphorus was determined by the Machigin method on
a spectrophotometer and exchangeable potassium-Protasov on
a flame photometer. Soil pH was measured by the ionometric
method using a pH meter (50). Amaranth grain yield and above-
ground biomass were determined through continuous
harvesting of plants from the accounting plots, while stubble
and root residue masses were measured separately in
designated plots within each experimental site. The collected
data were statistically calculated by Excel. The obtained data
were processed statistically by the method of dispersion analysis
at the significance level of 95 %. The significance of the
difference in data between the variants was determined by the
smallest significant difference at the level of 0.05. The accuracy
of the experiment was determined by the error of the
experiment.

Results and Discussion

In experiment 1, the application of nitrogen fertilizers (N 150-300)
against the background of phosphorus and potassium fertilizers
significantly increased the content of ammonium and nitrate
nitrogen in the soil throughout the entire growing season of
amaranth. At the same time, the content of mobile phosphorus
and exchangeable potassium increased compared to the
background. This situation was enhanced with an increase in the
rates of nitrogen fertilizers against the background of
phosphorus and potassium fertilizers and reached the highest
value in the variants where nitrogen fertilizers were applied at
rates of 250 kg/ha and 300 kg/ha against the background of
P150K200. Thus, nitrogen fertilizers combined with phosphorus
and potassium improve soil nutrients and amaranth nutrition. In
the second experiment, where the effect of separate and
combined application of mineral and organic fertilizers on the
nutrient regime of the soil and the yield of amaranth was
studied, the application of mineral and organic fertilizers
increased the amount of mobile nutrients and thereby improved
the nutrient regime of the soil and the nutrition of amaranth
plants, which has a positive effect on the biomass of the above-

ground and underground parts of amaranth, as well as its grain
yield. The highest nutrient regime of the soil was observed with
the combined application of mineral and organic fertilizers.
Thus, when using minerals, including nitrogen and organic
fertilizers, especially with the combined application of mineral
and organic fertilizers, the nutrient regime of the soil is
significantly improved.

An increase in the content of mobile nutrients due to the
application of mineral fertilizers, including nitrogen and organic
fertilizers, contributed to a greater accumulation of biomass in
roots, crop residues, above-ground organs and amaranth grain.
In the first experiment, where nitrogen fertilizers were studied,
the root mass depended on the nitrogen fertilizer rate. With an
increase in the nitrogen fertilizer rate, the amaranth root mass
increased and the highest root mass was observed in the
variants with the application of nitrogen fertilizers at a rate of
250 and 300 kg/ha against the background of phosphorus and
potassium fertilizers. For example, in the control variant without
fertilizer application, the root mass on average over 3 years was
98.02 c/ha and with the application of only phosphorus and
potassium fertilizers (P150K200) - 106.83 c/ha, with the use of
nitrogen fertilizers at a rate of 150 kg/ha against the background
of phosphorus and potassium fertilizers-114.34 c/ha, at rates of
200; 250 and 300 kg/ha - 118.88; 124.01 and 125.77 c/ha,
respectively (Table 3). Nitrogen fertilizers increased the root
mass by 7.51-18.94 c/ha or 7.03-17.73 %. The use of mineral and
organic fertilizers also increased the root mass of amaranth. This
effect was especially noticeable with the combined application
of mineral and organic fertilizers. For example, the root mass in
the control variant on average over 3 years was 101.73 c/ha, in
the N100P70K50 variant - 108.06 c/ha, in the N150P105K75,
N200P140K100, N250P175K125, N300P210K150 variants -
114.93; 125.04; 134.90; 146.35 c/ha, respectively (Table 4). The
application of 30 t/ha of semi-rotted manure significantly
increased the root mass of amaranth plants compared to the un
fertilizer control. The effect of 30 t/ha of manure on the root
mass was higher than that of N150P105K75, but lower than that
of N200P140K100. With the combined application of mineral and
organic fertilizers, the root mass was the highest. Thus, the root
mass of plants with the application of 30 t/ha of manure was

Table 3. The effect of nitrogen fertilizer rates on the mass of root amaranths

Root mass, c/ha

Average, Compared to control Compared to the background

No Variants 2015 2016 2017 °®b¢ " ha  ciha % c/ha %
1. Control (without fertilizers) 95,48 99,47 99,10 294,05 98,02 0 100 - -
2 P150K200- background 103,76 108,76 107,98 320,50 106,83 8,81 108,99 0,00 100,00
3. background +N+50 112,23 116,58 114,21 343,02 114,34 16,32 116,65 7,51 107,03
4 background +Nzgo 116,44 122,08 118,11 356,63 118,88 20,86 121,28 12,05 111,28
5. background +Nas0 121,68 126,90 123,44 372,02 124,01 25,99 126,51 17,18 116,08
6. background +Nago 123,22 128,90 125,18 377,30 125,77 27,75 128,31 18,94 117,73
Table 4. Effect of fertilizers on root mass (0-70 cm) of amaranth
Compared to
No Variants Root mass by year, c/ha Total, c Average ;ﬁr 3 control
2017 2018 2019 years, cha c/ha %
1. Control (without fertilizers) 106,09 98,31 100,78 305,18 101,73 0,00 100
2. N100P70Ks0 111,45 106,96 105,78 324,19 108,06 6,33 106,22
3. N1soP105K7s 116,06 113,18 115,56 344,8 114,93 13,20 112,98
4, N200P140K100 126,85 118,59 129,68 375,12 125,04 23,31 122,91
5. N2soP175K125 133,60 135,76 135,35 404,71 134,90 33,17 132,61
6. N3z00P210K150 143,71 148,86 146,48 439,05 146,35 44,62 143,86
7. 30 t/ha of manure 117,96 118,32 119,64 355,92 118,64 16,91 116,62
8. N100P70Ks0+30 t/ha of manure 129,31 130,33 132,46 392,10 130,70 28,97 128,48
9. N1s0P10sK75+30 t/ha of manure 138,62 142,14 141,81 422,57 140,86 39,13 138,46
10. N200P140K100+30 t/ha of manure 155,09 155,87 160,05 471,01 157,00 55,27 154,33
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118.64 c/ha and in the variants N100P70K50+30 t/ha of manure,
N150P105K75+30 t/ha of manure, N200P140K100 + 30 t/ha of
manure this indicator was 130.70: 140.86 and 157.00 c/ha (Table
4). When only mineral fertilizers were applied, the root mass of
amaranth plants increased by 6.22-43.86 % and when only 30 t/
ha of manure was applied - 16.62 % and when mineral fertilizers
were applied together with 30 t/ha of manure - 28.48-54.33 %
(Table 4).

The mass of amaranth plant stubble residues also
depended on the application of mineral fertilizers, including
nitrogen fertilizers and manure. In the first experiment, the
application of different rates of nitrogen fertilizers significantly
increased the mass of amaranth stubble residues. The smallest
mass of amaranth plant stubble residues was observed in the
control variant, where fertilizers were not applied. The use of
only phosphorus-potassium fertilizers increased the mass of
amaranth plant stubble residues compared to the control, but it
was less than in the variants where nitrogen fertilizers were
applied. With an increase in the rate of nitrogen fertilizers, the
mass of stubble residues increased.

However, increasing the nitrogen fertilizers rate from 250
kg/ha to 300 kg/ha did not result in a significant increase in the
mass of stubble residues. For example, in the control variant
without application of nitrogen fertilizers, the mass of stubble
residues on average over three years was 33.65 c/ha and in the
variant with application of only phosphorus-potassium fertilizers
(background) - 36.30 c/ha and in the variants background+N150,
background+N200, background+N250, background+N300 -
38.67; 41.56; 44.19 and 44.87 c/ha, respectively (Table 5).
Consequently, nitrogen fertilizers against the background of
phosphorus-potassium fertilizers significantly increase the mass
of stubble residues and thereby contribute to an increase in the
material for humus formation. In the second experiment, when
applying mineral and organic fertilizers separately and jointly,
the mass of stubble residues of amaranth plants increases,
which has a positive effect on the humification processes of the
soil. With an increase in the rate of mineral fertilizers, the mass of
stubble residues of amaranth increased. But with an increase in

the rate of mineral fertilizers from N250P175K125 to
N300P210K150, no significant increase in the mass of stubble
residues was observed. For example, in the control variant,
without applying fertilizers, the mass of stubble residues was on
average 28.67 c/ha over three years and in variants N100P70K50,
N150P105K75 and N200P140K100 - 31.39; 34.41 and 37.36 c/ha,
respectively, for variants N250P175K125 and N300P210K150 -
40.78 and 43.08 c/ha. When applying mineral fertilizers in
different doses, the mass of amaranth plant stubble residues
increased by 2.72-14.41 c/ha or 9.49 - 50.26 % (Table 6). Applying
only manure at a rate of 30 t/ha led to an increase in the mass of
amaranth stubble residues by 6.97 c/ha or 24.31 % compared to
the control without fertilizers, obtaining a mass of stubble
residues of 35.64 c/ha. The highest mass of amaranth stubble
residues in the experiment was obtained with the combined
application of mineral and organic fertilizers, especially with
increased rates of mineral fertilizers. For example, in the variants
with the application of mineral fertilizers N10OP70K50 and 30 t/
ha of manure, the mass of stubble residues was 39.82 c/ha and
in the variants N150P105K75+30 t/ha of manure and
N200P140K100 + 30 t/ha of manure - 42.83 and 45.67 c/ha. At the
same time, the mass of stubble residues increased by 11.15;
14.16 and 17.00 c/ha or 38.89; 49.39 and 59.30 %, respectively
(Table6).

Thus, the application of minerals, including nitrogen and
organic fertilizers significantly increases the mass of stubble
residues of amaranth plants, which has a positive effect on the
humus formation processes. Key performance indicators for
amaranth include above-ground biomass and grain yield. The
use of fertilizers contributed to an increase in the biomass of the
above-ground part of plants and the yield of amaranth grain. In
the first experiment, the effect of nitrogen fertilizer rates was
studied. Nitrogen nutrition is important due to the low humus
content in the soil conditions of our republic. Thus, nitrogen
fertilizers significantly optimize the nutrition of amaranth plants,
improve plant growth, accumulation and development of
biomass and have a positive effect on the productivity of
agricultural crops. When feeding amaranth with natural soil
nutrients, including mineral nitrogen, according to the average

Table 5. Effect of nitrogen fertilizer doses on the mass of amaranth crop residues

Mass of crop residues, Compared to the
No Varaints c/ha Total, ¢ Av:lr:age, Compared to control background
2015 2016 2017 c/ha % c/ha %
1 Control without fertilizers 35,17 33,40 32,38 100,95 33,65 0 100 - -
2 P150K200- background 37,53 35,81 35,57 108,91 36,30 2,65 107,88 0,00 100,00
3 background +N4sg 40,18 38,43 37,41 116,02 38,67 5,02 114,92 2,37 106,53
4, background +Noog 42,89 41,78 40,01 124,68 41,56 7,91 123,51 5,26 114,49
5 background +Nasg 45,59 4436 42,63 132,58 44,19 10,54 131,32 7,89 121,74
6 background +N3oo 46,40 44,98 43,22 134,60 44,87 11,22 133,34 8,57 123,61
Table 6. Effect of fertilizers on crop residue mass
Mass of amaranth stubble residues b
No Variants year, c/ha y Total, c Aver: ge, Compared to control
2017 2018 2019 c/ha c/ha %
1. Control without fertilizers 27,12 29,12 29,76 86,00 28,67 0,00 100
2. N100P70Ks0 30,84 31,36 31,97 94,17 31,39 2,72 109,49
3. N1s0P105K7s 34,74 33,3 35,19 103,23 34,41 5,74 120,02
4. N200P140K100 38,36 36,11 37,62 112,09 37,36 8,69 130,31
5. N2soP175K125 40,25 42,55 39,53 122,33 40,78 12,11 142,24
6. N300P210K150 43,42 44,46 41,37 129,25 43,08 14,41 150,26
7. 30 t/ha of manure 32,83 36,67 37,42 106,92 35,64 6,97 12431
8. N100P70Kso+30 t/ha of manure 39,40 39,61 40,46 119,47 39,82 11,15 138,89
9. N1s0P10sK75+30 t/ha of manure 41,95 43,27 43,27 128,49 42,83 14,16 149,39
10 N200P140K100+30 t/ha of manure 46,98 44,62 45,42 137,02 45,67 17,00 159,30
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Table 7. The impact of nitrogen fertilizer rates on amaranth grain yield (2015-2017)

Yield, c/ha

Compared to control

No Variant 2015 2016 2017 retabe  Average,c/ha %
1. Control without fertilizers 7,26 9,55 10,7 27,51 9,17 0 100
2. P150K200- background 10,85 12,30 17,15 40,30 13,43 4,26 146,46
3. background +Ns 22,31 24,60 26,05 72,96 24,32 15,15 265,21
4. background +Nzgo 28,07 28,03 28,85 84,95 28,32 19,15 308,83
5. background +Nas 32,20 37,33 34,58 104,11 34,70 25,53 378,41
6. background +N3oo 33,73 38,67 36,22 108,62 36,21 27,04 394,87
LSD os,c/ha 2,69 3,02 2,51
Sx, % 4,16 4,18 3,40

three-year data of experiments conducted in 2015-2017, the
grainyield is 9.17 c/ha (Table 7).

This means that the soil fertility, including mobile
nutrients, especially mineral nitrogen, in sierozem-meadow soils
is very low, which is insufficient for adequate nutrition of
amaranth plants. Improvement of the phosphorus-potassium
regime of the soil due to the use of phosphorus-potassium
fertilizers had a positive effect on grain yield due to optimization
of phosphorus-potassium nutrition of the amaranth plant. At the
same time, the amaranth grain yield increased from 9.17 c/ha to
13.43 c/ha or 4.26 c/ha or 46.46 % compared to the control
without fertilizers. The use of nitrogen fertilizers significantly
enhanced the amaranth grain yield. As the rate of nitrogen
fertilizers increased in the soil, the sources of nitrogen nutrients
in the form of ammonium and nitrates increased and the yield of
amaranth grain increased. However, with an increase in the rate
of nitrogen fertilizers from 250 kg /ha to 300 kg/ha against the
background of P150K200, the yield of amaranth grain did not
increase reliably, that is, the increase in yield was not statistically
confirmed. This means that the rates of nitrogen fertilizers of 250
and 300 kg/ha have the same effect on the yield of amaranth
grain against the background of P150K200.

For example, when applying nitrogen fertilizers at the
rate of 150 kg/ha against the background of P150K200, the
amaranth grain yield is 24.32 c/ha, which is 15.15 c/ha or 165.21
% more than the control without fertilizers, or 10.89 c¢/ha or 81.09
% more than the background. In the background+N200 variant,
the grain yield was 28.32 c/ha, the additional yield compared to
the control without fertilizers was 19.15 c/ha or 208.83 % and
14.89 c/ha or 110.87 % compared to the background of
P150K200, respectively. In the background+N250 variant, these
indicators were 34.70 c/ha, 25.53 c/ha, 278.41 %, 21.27 c/ha,
158.38 %, respectively (Table 7). The use of mineral and organic
fertilizers, increasing the amount of mobile nutrients in the soil,
optimizing the soil nutritional regime and improving plant

Table 8. The impact of fertilizers on amaranth grain yield (2017-2019)

nutrition conditions, had a significant positive effect on the
productivity of the amaranth crop. The average three-year yield
of amaranth grain in 2017-2019 under unfertilized control was
17.72 c/ha. The use of mineral fertilizers resulted in a reliable
increase in the yield of amaranth grain due to a significant
improvement in the nutrient regime of the soil and nutrition of
amaranth plants. At the same time, with an increase in the rate
of mineral fertilizers, the yield of amaranth grain also increased
reliably. With an increase in the rate of mineral fertilizers from
N250P175K125 to N300P210K150, the yield of amaranth grain
did not increase reliably. Consequently, the soil is saturated with
mobile nutrients when mineral fertilizers are applied against a
natural background at the rate of N250P175K125 and a further
increase in the rate of mineral fertilizers does not lead to an
improvement in the nutrient regime of the soil and a reliable
increase in grain yield. For example, in the N100P70K50 variant,
the average amaranth grain yield in 2017-2019 was 26.59 c/ha
and in the N150P105K75, N200P140K100, N250P175K125,
N300P210K150 variants, this figure was 30.79; 35.89; 37.86 c/ha,
respectively. At the same time, in the N100P70K50 variant, the
grain yield increased by 8.87 c/ha compared to the control
without fertilizers, while in the other variants, where only
mineral fertilizers were used, this figure was 13.07; 15.07; 18.17;
20.14 c/ha or 73.76; 85.05; 102.54; 113.66 % respectively (Table
8).

Thus, with an increase in the rate of mineral fertilizers
from N250P175K125 to N300P210K150, the amaranth grain yield
does not statistically increase. This shows that N250P175K125 is
the optimal fertilizer rate in the amaranth crop fertilization
system using only mineral fertilizers. The amaranth grain yield
significantly increased with only organic fertilizers compared to
the unfertilized control. At the same time, the grain yield in the
variant with 30 t/ha of manure was higher than the yield
obtained from a small dose of mineral fertilizers and was the
same as in the variants using mineral fertilizer rates of
N150P105K75, N200P140K100. In the variant with 30 t/ha of

Grain yield by year, c/ha

Average for three Compared to control

No Variants 2017 2018 2019 Total, c years, c/ha </ha %
1. Control without fertilizers 15,35 19,03 18,78 53,16 17,72 0,00 100,00
2. N100P70Ks50 25,43 26,50 27,83 79,76 26,59 8,87 150,06
3. N150P105K75 28,98 30,90 32,50 92,38 30,79 13,07 173,76
4. N200P140K100 30,83 33,38 34,15 98,36 32,79 15,07 185,05
5. N250P175K125 34,08 36,60 36,98 107,66 35,89 18,17 202,54
6. N300P210K150 35,78 38,55 39,25 113,58 37,86 20,14 213,66
7. 30 t/ha of manure 30,48 31,10 33,60 95,18 31,73 14,01 179,06
8. N100P70Ks0+30 t/ha of manure 33,53 32,98 36,33 102,84 34,28 16,56 193,45
9. N150P105K75+30 t/ha of manure 35,43 35,48 37,73 108,64 36,21 18‘49 204,35
10 N20oP120K100+30 t/ha of manure 37,53 37,70 39,88 115,11 38,37 20,65 216,53
LSDos, c/ha 2,61 3,61 3,52
SX %, % 2,90 3,39 3,62
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manure, the amaranth grain yield was 31.73 c/ha and increased
by 14.01 c/ha or 79.06 % compared to the control variant
without fertilizer.

The application of mineral fertilizers against the
background of semi-rotted cattle manure at a dose of 30 t/ha
has a positive effect on increasing the grain yield. It is possible to
significantly increase the yield of amaranth grain even with a
high dose of fertilizers, using part of them in the form of organic
fertilizer and the rest in mineral form. With an increase in the
dose of mineral fertilizers, the loss of mobile nutrients increases
due to volatilization in the form of gas, leaching and chemical
absorption. This situation was evident in a field experiment in
the variants of combined application of mineral and organic
fertilizers. According to the experiment, the highest yield was
observed in the variant of combined application of mineral and
organic fertilizers. For example, when adding semi-rotted
manure at the rate of 30 t/ha, the average yield of amaranth
grain in 2017-2019 was 31.73 c/ha and in the variants
N100P70K50+30 t/ha of manure, N150P105K75+30 t/ha of
manure, N200P140K100+30 t/ha of manure - 34.28; 36.21; 38.37
¢/ha, respectively. At the same time, compared to the control
without fertilizers, the yield increase in these four variants was
14.01; 16.56; 18.49; 20.65 c/ha or 79.06; 93.45; 104.35; 116.53 %. In
these variants, due to mineral fertilizers, compared to the variant
of 30 t/ha of manure, an additional yield of 2.55; 4.48; 6.64 c/ha
or 8.04; 14.12; 20.93 % was obtained (Table 8). Thus, mineral
fertilizers significantly increase the yield of amaranth grain both
when applied separately against the background of the natural
nutrient regime of the soil and when applied together with
organic fertilizers (against the background of 30 t/ha of semi-
rotted cattle manure). Therefore, in the absence of organic
fertilizers, it is advisable to use mineral fertilizers at the rate of
N250P175K125 and in the presence of manure, the combined
use of mineral and organic fertilizers at the rate of
N200P140K100 + 30 t/ha of manure to obtain a high yield of
amaranth grain. The application of nitrogen fertilizers at
different rates also affected the biomass of the above-ground
part of amaranth. Nutrition of amaranth plants with natural
nutrients in the control variant without the application of
fertilizers did not ensure the growth and development of plants
and high yield of the above-ground part of amaranth. As a result,
the yield of above ground biomass in the control without the
application of fertilizers was very low. The application of
phosphorus-potassium fertilizers without nitrogen increased the
yield of the above-ground biomass of amaranth but did not
allow obtaining high biomass of amaranth.

These findings indicate that the accumulation of
amaranth aboveground biomass does not accelerate with

improved phosphorus-potassium nutrition of the amaranth
plant. This shows that nitrogen nutrition is important for the
amaranth plant and that the nitrogen regime in sierozem
meadow soils is very poor due to the small amount of humus.
For example, in the unfertilized control variant, the yield of
amaranth aboveground biomass over three years (2015-2017)
averaged 303.24 c/ha, while in the background variant P150K200
this figure was 431.21 c/ha. At the same time, the yield of
amaranth aboveground biomass increased by 127.97 c/ha or
42.20 % compared to the control without fertilizers (Table 9).
However, when nitrogen fertilizers were applied, the yield of
aboveground amaranth biomass increased and the highest
biomass of the aboveground part of amaranth was obtained in
the background+N250 and background+N300 variants. At the
same time, the difference in the yield of aboveground biomass
between these two variants was not statistically confirmed, that
is, this difference was within the statistical error. This means that
the background + N250 and background + N300 variants have
the same effect on the yield of aboveground biomass of
amaranth and with an increase in the rate of nitrogen fertilizers
from 250 kg / ha to 300 kg / ha, the aboveground biomass does
not increase. Thus, the yield of aboveground biomass of
amaranth in the background + N150 variant was 665.15 c¢/ha and
in the background + N200, background + N250 and background
+ N300 variants - 837.32; 925.30; 941.22 c/ha, respectively (Table
9).

Moreover, in the variants where nitrogen fertilizers were
applied at rates of 150; 200; 250; 300 kg/ha, an additional yield
was obtained compared to the phosphorus-potassium
background (P150K200) of 233.94; 406.11; 494.09; 510.01 c/ha or
54.25; 94.18; 114.58; 118.27 %, respectively. In the variants with
the use of nitrogen fertilizers, compared to the control without
fertilizers, the additional yield of aboveground biomass was
361.91; 534.08; 622.06; 637.98 c/ha or 119.35; 176.12; 205.14;
210.39 %, respectively. Therefore, the optimal option for the
yield of aboveground amaranth biomass is the
background+N250 option.

Thus, the use of nitrogen fertilizers and an increase in
their rate reliably affect the grain of the amaranth crop and the
yield of above-ground biomass. The optimal rate of nitrogen
fertilizer application in the amaranth crop fertilization system is
250 kg/ha against the background of P150K200. The application
of mineral and organic fertilizers had a significant effect on the
yield of above-ground biomass of amaranth. Improving the
nutrient regime of the soil and optimizing the nutrition of
amaranth plants using mineral and organic fertilizers had a
positive effect on the formation of the above-ground biomass of
the amaranth plant. Nutrition of amaranth plants with natural

Table 9. The effect of doses of nitrogen-containing fertilizers on the biomass of the above-ground part of amaranth

Yield of biomass, c/ha

Average yield, _Compared to control

No Variants 2015 2016 2017 Total, c c/ha c/ha %
1 Control (without fertilizers) 292,97 301,25 315,50 909,72 303,24 0,00 100,00
2 P150K200- background 408,68 429,34 455,60 1293,62 431,21 127,97 142,20
3. background +N1s0 641,60 670,05 683,80 1995,45 665,15 361,91 219,35
4. background +Nago 830,13 832,23 849,60 2511,96 837,32 534,08 276,12
5 background +Nasg 917,68 932,81 925,40 2775,89 925,30 622,06 305,14
6 background +N3qg 934,93 956,25 932,48 2823,66 941,22 637,98 310,39
LSDos, c/ha 65,03 68,53 71,81
Sx %, % 3,35 3,45 3,58
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nutrients in the control without fertilizers did not allow the
accumulation of aboveground biomass in large quantities. Thus,
in the variant without fertilizer application, the vyield of
aboveground biomass of amaranth was minimal. For example,
in 2017-2019, in the control variant, where fertilizers were not
applied, an average of 364.45 c/ha of aboveground biomass was
obtained. As a result of the use of mineral fertilizers, the average
three-year vyield of aboveground biomass in 2017-2019
significantly increased. At the same time, as the rate of mineral
fertilizers increased, the yield of aboveground biomass of
amaranth increased. However, with an increase in the rate of
mineral fertilizers from N250P175K125 to N300P210K150, no
significant increase in the biomass of the aboveground part of
amaranth was observed. The difference in biomass between
these variants was not statistically significant. A statistically
significant difference was noted for other rates of mineral
fertilizers. This confirms that higher mineral nutrient levels
positively influence above-ground biomass production. For
example, if in the control variant without fertilizers the biomass
of the aboveground part was on average 364.45 c/ha over three
years, then in variants N100P70K50, N150P105K75,
N200P140K100, N250P175K125, N300P210K150 - 398.02; 446.12;
493.43; 553.83 c/ha, respectively. At the same time, the increase
in biomass yield obtained from the action of mineral fertilizers,
compared to the control without fertilizers, was 33.57, 81.67;
128.98; 158.93; 189.38 c/ha or 9.21; 22.41; 35.39; 43.61; 51.96 %,
respectively (Table 10). Consequently, the optimal rate of
mineral fertilizers in terms of their effect on the biomass of the
above-ground part of amaranth is N250P175K125.

The application of organic fertilizers in the form of semi-
rotted cattle manures at the rate of 30 t/ha led to a significant
increase in the above-ground biomass of amaranth. The yield of
the above-ground biomass of amaranth was 469.28 c/ha, an
increase compared to the control without fertilizers of 104.83 ¢/
ha or 28.76 %.

The use of mineral fertilizers at different rates against the
background of semi-rotted cattle manures at the rate of 30 t/ha
made it possible to maximize the yield of aboveground
amaranth biomass. When applying mineral fertilizers at the rate
of N100P70K50, N150P105K75, N200P140K100 against the
background of 30 t/ha of manure, the yield of aboveground
amaranth biomass on average over three years was 564.46;
583.97; 623.29 c/ha, the yield increased compared to the control
without fertilizers was 200.01; 219.52; 258.84 c/ha or 54.88; 60.23;

71.02 %. In these variants, compared with the variant with the
application of 30 t/ha of manure, the yield increase was 95.18;
114.69; 154.01 c/ha or 20.28; 24.44; 32.82 % (Table 10). Thus, the
use of mineral fertilizers against the background of organic
fertilizers significantly increases the yield of aboveground
amaranth biomass.

Conclusion

Thus, the use of mineral and organic fertilizers when growing
amaranth for grain significantly increases the grain yield and
aboveground biomass of amaranth. When using only mineral
fertilizers for growing amaranth, the optimal fertilizer rate is
N250P175K125 and when using mineral and organic fertilizers
together - N200P140K100 + 30 t/ha of manure.
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