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INTRODUCTION

Anthropogenic factors affecting fertility dur-
ing cultivation of agricultural crops under irrigated 
conditions affect the quality of humus and agro-
chemical properties of irrigated soils of the Zer-
avshan River valley. Furrow irrigation, as a factor 
of anthropogenic impact, significantly changes the 
morphological and genetic properties of soils.

A scientifically based system of irrigated ag-
riculture ensures the creation of new cultural an-
thropogenic soils with higher fertility and provid-
ed with good quality humus [1, 2], which depends 
on climatic conditions, duration and rate of irri-
gation, as well as the level of applied agricultural 
technology [3–7]. However, there is a place for 
the use of a primitive irrigation system on slope 
areas, irrigation erosion occurs, the intensity of 
which depends on the shape and steepness of the 
slope, the resistance of the soil and parent rock 

to the destructive action of water, as well as the 
applied irrigation technology [8]. In the gray soil 
zone, many studies have been conducted on soils 
subject to irrigation and recommendations have 
been developed to reduce erosion [9–23], which 
highlight the influence of erosion processes on 
some indicators that determine the agrochemical 
and physical properties of eroded soils.

A special place in recent publications is 
given to the study of the influence of irrigation 
erosion on the transformation and migration of 
organic matter with washed-off soil aggregates 
[24–26]. However, there are very few in-depth 
studies on the influence of irrigation erosion 
processes on the qualitative composition of soil 
organic matter, and the available information is 
quite contradictory.

In the soils of the Zeravshan River val-
ley, poor in humus, the most important element 
of mineral nutrition of plants – nitrogen, which 
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correlates with the humus content is in the first 
minimum [27], and the need of agricultural crops 
for it is satisfied by the introduction of nitrogen 
fertilizers, but the coefficient of its use by plants 
on irrigation-eroded soils is low due to large loss-
es as a result of washout, which negatively affects 
the environment [28]. One of the ways to reduce 
nitrogen losses from soil and fertilizers is the use 
of nitrification inhibitors, which reduce nitrifica-
tion activity, increase the period of nitrogen use 
by fertilizers and eliminate the risk of nitrate pol-
lution of water sources [29–31]. 

The balance of nitrogen fertilizers, its trans-
formation and migration in soils, the extent of bi-
ological fixation from the atmosphere and the use 
of nitrification inhibitors have been studied under 
various conditions and on various crops [32–36]. 
It should be noted that the effectiveness of nitri-
fication inhibitors on irrigation-eroded meadow-
gray soils, especially when cultivating row crops 
with furrow irrigation, has been poorly studied.

The main zone for tobacco cultivation is the 
slope soils of the Urgut region. They have good 
natural drainage, are not saline, and are also quite 
fertile for this zone of gray soils. However, ir-
rigation along furrows on slopes often leads to 
the washout of the upper most fertile soil layer, 
deterioration of the agrochemical and physical 
properties of the soil due to the manifestation of 
irrigation erosion.

Increasing the fertility of sloping soils 
should be considered taking into account the im-
pact of erosion processes and the introduction 
of methods to reduce erosion processes during 
irrigation. In this regard, conducting compre-
hensive scientific research necessary to develop 
methods to protect lands subject to irrigation 
erosion from washout, as well as studying the 
effect of nitrification inhibitors using the isotope 
15N on the nitrogen balance and reducing its 
losses when growing tobacco on meadow-gray 
soil subject to irrigation erosion, is of great sci-
entific and practical importance.

METHODOLOGY

In order to study the agrochemical parameters 
of irrigation-eroded soils of the Zeravshan River 
valley, expeditionary research was conducted. 
Irrigation-eroded meadow-gray soils of the foot-
hill zone of the Samarkand region were studied. 
Using soil and agrochemical maps, land use plans 

and direct soil examination, the types, subtypes 
and the degree of erosion were determined.

Fifteen reference sections were laid in the 
most typical places. In order to study the tendency 
of changes in agrochemical parameters down the 
soil profile, soil samples were taken from differ-
ent soil horizons for analysis. The samples were 
dried in a dark place.

In fresh samples, ammonium nitrogen was de-
termined using Nessler’s reagent, nitrate nitrogen 
by the Grandval-Lyaju method. In dried samples, 
the granulometric composition was determined 
according to Kachinsky [37], mobile phospho-
rus and exchangeable potassium by the Machigin 
method [38]. The humus content was determined 
by the Tyurin method as modified by Nikitin and 
Simakov, the fractional and group composition 
of humus by the Tyurin method as modified by 
Ponomareva and Plotnikova [37], and the gross 
content of NPK in one soil sample by the method 
of Maltseva and Gritsenko.

To establish the content of soil nitrogen avail-
able to plants, in addition to determining the sum 
of nitrate and exchangeable ammonium nitro-
gen, we supplemented this information with the 
determination of alkaline-hydrolyzable nitrogen 
according to Kornfield [38], which makes it pos-
sible to establish the nearest reserve of mineral 
nitrogen for carbonate soils.

On the upper part of the slopes of the mead-
ow-gray soil massifs, on which full-size (plot 
area 200 m2) field experiments with tobacco were 
carried out, small-plot field experiments with the 
same crop were laid out. Nitrogen was applied 
against the background of RK in the form of urea 
enriched with 15N – 23–25%. Labeled urea was 
applied manually, trying to simulate the applica-
tion of nitrogen fertilizers in field conditions as 
much as possible, into the lateral parts of the ridge 
to a depth of 10–15 and 20–25 cm. Plots measur-
ing 120 × 100 cm were placed in 1 tier across 
the slope, with the long side across the furrows. 
Thus, 2 rows of tobacco were fertilized only with 
labeled urea. The experiments were repeated 4 
times, the variants with labeled nitrogen were 
laid down in 2 replicates. Total nitrogen was de-
termined by the Ginzburg method [38]. The iso-
topic composition of nitrogen was determined on 
a mass spectrometer. The yield was determined 
using the method of using accounting plots on 
each plot, and then recalculated per hectare. In 
parallel, the efficiency of mineral fertilizers was 
calculated using the difference method [38]. The 
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data were processed by the method of disper-
sion analysis in accordance with the methodol-
ogy described in [39]. In all experiments (in the 
corresponding variants), the nitrification inhibi-
tor 1-carbamail-3(5)-methylpyrazole (KMP) was 
used at a dose of 3 kg/ha. To control the possible 
entry of washed-off labeled nitrogen from fertil-
izers into plants located on the slope below the 
experimental plots, plant samples were taken, the 
total nitrogen content and its isotopic composi-
tion were determined. Samples were taken after 
the third watering (the second after the introduc-
tion of labeled nitrogen) and when recording the 
yield from every 2 subsequent meters of rows, 
starting from the second meter from the lower 
edge of the plot. 5 plants were selected from each 
two-meter plot. During the first period (1 month 
after the introduction of fertilizers), traces of la-
beled nitrogen were detected up to 9–11 m below 
the variant without a nitrification inhibitor and up 
to 3–5 m when a nitrification inhibitor was intro-
duced. During harvesting, traces of labeled nitro-
gen from fertilizers were detected only in plants 
located 1–3 m below the plots of variants without 
a nitrification inhibitor.

RESULTS AND DISCUSSION 

The studies have established that erosion pro-
cesses lead to a significant change in the humus 
content of the soil. Thus, the humus content in the 
meadow-gray soil on the washed-out part is 1.0% 
and in the washed-out part 1.6% (Table 1). If on 
the washed-out meadow-gray soil its content at a 
depth of 0–30 cm is from 0.8±0.2 to 1.0±0.2, then 
on the washed-out parts of the slope it is 1.5 times 
more 1.0±0.2–1.7±0.2% (Table 1).

The studies have shown that on the washed-
out part of the slope there is a sharp decrease in 
the humus content towards the lower soil hori-
zons, and on the washed-out ones the distribution 
of humus along the soil profile is more uniform. 
It should be noted that the composition of humus 
is fulvate-humate, with a medium degree of hu-
mification, with a relatively low content of hy-
drolyzable substances (59.8–63.0% in meadow-
gray soil) and a relatively high content of non-
hydrolyzable residue, and as a result of irrigation 
erosion, the amount of hydrolyzable substances 
decreases by 3.2–4.5% (Table 1).

It is known that humus of the best quality usu-
ally has a large amount of humic acids. In the soils 

studied by us, on both parts of the slope there is 
more fulvic acids (Table 2). The content of humic 
acids is higher on washed varieties. In general, 
meadow-gray soils contain 27.5–29.9% of humic 
acids from the total humus content.

The ratio of Cgc:Cfc on meadow-gray soils 
is 0.71–0.9, while on washed varieties this indi-
cator is closer to one. The predominant group of 
hydrolyzable compounds is fulvic acids, the con-
tent of which varies slightly depending on ero-
sion. Mobile humic acids of the first fraction in 
meadow-gray soils make up an insignificant part 
(2.2–2.8%). The largest part of humic acids is 
represented by the second fraction, the content of 
which is slightly higher on the washed part of the 
slope. The high content of the second fraction is 
due to the saturation of the soil with bases and the 
fixation of humic substances with calcium, which 
makes up 72–85% of the total content of absorbed 
cations. Humic acids associated with clay miner-
als and stable forms of sesquioxides account for 
8–8.5% in meadow-gray soils, with some increase 
in this fraction noted in alluvial soil varieties ().

A slightly different trend is noted among ful-
vic acids. Thus, if fractions 1 and 3 are higher 
on the washed-out part than on the washed-out 
part, then fraction 1, on the contrary, increases in 
the lower washed-out part of the slope. The pre-
dominant fraction of fulvic acids (17.2–19%) is 
calcium-bound fraction 2.

According to our data, irrigation erosion leads 
to a decrease in humic acids on washed-out soil, 
the composition of humic substances changes to-
wards an increase in their amount in the washed-
out part, as well as an increase in the second frac-
tions of humic and fulvic acids (Figure 1).

Along with a decrease in organic matter in 
the soil, irrigation erosion leads to a change in the 
content of gross and plant-available phosphorus 
compounds, so on washed-out meadow-gray soils 
the content of gross phosphorus in the arable (0–
30 cm) layer is from 0.10±0.02 to 0.13±0.03%, 
on washed-out soils 0.13±0.02–0.21±0.03% (Ta-
ble 1). At the same time, if at a depth of 80–100 
cm in washed-out soils the amount of phosphorus 
sharply decreases to 0.02–0.04 ± 0.01%, then at 
the same depth in washed-out soils it is 0.03–0.05 
± 0.01%. The decrease in phosphorus content 
in the soil profile of the washed-out part of the 
slope is more abrupt than in the washed-out part, 
i.e. phosphates in the washed-out soil are evenly 
distributed over the soil profile. The same pattern 
is noted for the change in the content of mobile 
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phosphorus, which in a meter-thick layer of the 
washed-out part ranges from 2.0±1.0 to 14.7±6.7 
mg/kg, and in the washed-out part 7.6±3.1–
27.0±9.4 mg/kg (Table 1).

No significant change in the content of gross 
potassium in the washed-out and washed-out differ-
ence was noted, however, the amount of exchange-
able potassium in the lower part of the slopes is 
much greater than in the upper part (Table 1).

In the sierozem zone, the main element lim-
iting the yield is nitrogen. In places subject to 
irrigation erosion, nitrogen is lost as a result of 
washout and leaching. The nitrogen content in 
the arable layer of meadow-gray soils varies from 
0.07 to 0.15%. As a result of irrigation erosion, 
its content in the arable layer of washed-out soils 
decreases significantly and there is some increase 
in the alluvial part of the slopes (Table 1).

It is known that the assimilation of nitrogen 
by plants is not always the same and largely de-
pends on the properties of the soil, the ratio and 
presence of factors of growth and development 
of plants, their physiological state and biological 

activity of the soil. In this regard, studying the ni-
trogen regime of soils is quite difficult, especially 
in irrigated conditions.

We have found that soil ammonium nitro-
gen in meadow-gray soils before sowing occurs 
to a depth of 90 cm, most of it is concentrat-
ed in the arable and subarable layer. The con-
tent of ammonium nitrogen does not exceed 30 
mg / kg on washed-out soils. On alluvial soils, 
its concentration is significantly higher. Thus, 
in the 0–30 cm layer of the washed part there 
were 22.0–33.0 kg/ha, and in the reclaimed part 
40.5–60.1 kg/ha of NH4. Nitrate nitrogen in the 
washed part in early spring was 11.7–14.8 kg/
ha, while in the reclaimed part it was 15.1–23.4 
kg/ha (Table 3). The nitrification process in the 
reclaimed part of the soil is activated somewhat 
later than in the washed part. Nitrates are pres-
ent in all genetic horizons of the soil, and in the 
lower horizons of the soil their concentration is 
significantly higher than that of ammonium ni-
trogen. It should be noted that in the reclaimed 
soils in the lower horizons the nitrate content is 

Table 1. Content of humus and various forms of NPK in irrigation-eroded meadow-gray soil

Horizons, cm Humus, %
Gross forms, % Digestible forms, mg/kg

Nitrogen Phosphorus N P2O5 K2O

Meadow-chernozem soils (average for 15 sections)

Washed away

0–10 1.0±0.2 0.09±0.03 0.13±0.03 8.9±7.2 14.7±6.7 220±40

10–20 0.9±0.3 0.08±0.03 0.12±0.04 10.3±5.1 12.5±3.9 300±53

20–30 0.8±0.2 0.07±0.02 0.10±0.02 10.2±4.2 11.2±5.9 300±42

30–40 0.6±0.2 0.06±0.01 0.09±0.02 3.1±2.1 10.6±4.1 200±33

40–50 0.4±0.2 0.05±0.01 0.08±0.02 3.1±2.0 9.2±3.8 140±28

50–60 0.4±0.1 0.04±0.01 0.07±0.02 1.1±1.0 7.5±3.1 140±20

60–70 0.3±0.1 0.02±0.01 0.06±0.01 2.8±1.2 7.0±2.9 100±26

70–80 0.3±0.1 0.02±0.01 0.05±0.01 1.7±1.1 5.8±5.1 100±19

80–90 0.2±0.1 0.01±0.01 0.04±0.01 1.9±1.3 4.3±2.5 60±15

90–100 0.2±0.1 0.01±0.01 0.02±0.01 0.5±0.5 2.0±1.0 50±27

Washed

0–10 1.7±0.2 0.14±0.04 0.21±0.03 18.3±11.3 27.0±9.4 420±80

10–20 1.6±0.3 0.12±0.04 0.20±0.02 11.8±6.3 24.0±13.2 380±43

20–30 1.0±0.2 0.10±0.02 0.13±0.02 12.4±5.8 21.0±9.3 380±67

30–40 0.9±0.2 0.08±0.02 0.13±0.03 9.8±5.0 17.4±5.1 320±34

40–50 0.7±0.2 0.06±0.01 0.11±0.04 6.8±4.3 16.0±4.8 240±60

50–60 0.6±0.1 0.05±0.01 0.10±0.02 5.8±3.9 14.0±6.2 200±38

60–70 0.5±0.2 0.04±0.01 0.10±0.01 3.9±2.0 13.0±3.8 150±24

70–80 0.3±0.2 0.03±0.01 0.08±0.01 4.5±2.0 11.2±4.1 140±36

80–90 0.2±0.1 0.02±0.01 0.05±0.01 2.2±2.0 9.4±7.8 120±20

90–100 0.2±0.1 0.02±0.01 0.03±0.01 1.6±1.5 7.6±3.1 90±25
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2–2.5 times higher than in the same horizons of 
the washed soils (Table 1).

In meadow-serozem soil, the total content of 
gross nitrogen in the soil profile is directly de-
pendent on the amount of humus. The C:N ra-
tio remains high at 5.8–7.1. A smaller portion of 
the total nitrogen is in mineral form, and at the 
beginning of the growing season, the concentra-
tion of ammonium nitrogen is significantly lower 
than nitrate nitrogen. This is due to the lower soil 
temperature, i.e., the lower activity of the nitrifi-
cation process during this period, and, naturally, 
the leaching of nitrates in winter. The content 
of alkaline-hydrolyzable nitrogen on reclaimed 
meadow sierozems is higher than on washed-out 
ones, while the potential for increasing nitrogen 
available to plants is significant (Table 3).

Hardly hydrolyzable and non-hydrolyzable 
fractions of nitrogen in meadow-gray soil on re-
claimed areas are higher than on washed-out areas.

Determination of factors that increase the 
efficiency of nitrogen fertilizers when used to-
gether with a nitrification inhibitor for tobacco 
on irrigation-eroded meadow-gray soils and an 
explanation for the sharp increase in the use of 
nitrogen fertilizers by these crops (determined 
by the difference method) when a nitrification in-
hibitor is added is possible only in experiments 
using nitrogen-15.

The scheme of small-plot experiments with 
nitrogen-15 is fragments of more complete 
schemes of field experiments. The crop yields 
in the corresponding variants of small-plot and 
full-size field experiments turned out to be very 
close (Figure 2). The coefficient of fertilizer ni-
trogen use by tobacco plants, determined by the 
isotope method, was slightly lower and amounted 
to 32.5% in the variant without a nitrification in-
hibitor, and 46.6% with the inhibitor applied. The 
use of a nitrification inhibitor increased the use of 
fertilizer nitrogen by the aboveground mass from 
27.1 to 38.8%, the fixation of fertilizer nitrogen 
in the soil increased from 21.4 to 29.3%, while 
losses with solid runoff and discharge water de-
creased from 10.3 to 4.5%.

Losses of fertilizer nitrogen due to leaching 
from the half-meter soil layer and volatilization 
decreased with the application of a nitrification 
inhibitor from 35.8 to 19.6%.

After harvesting, 26.8% of the nitrogen ap-
plied remained with the tobacco roots in the half-
meter layer and was fixed in the soil in the variant 
without a nitrification inhibitor, and 37.1% with 
the inhibitor applied. The amount removed from 
this soil layer with the above-ground mass of 
plants alienated from the field and losses due to 
washout, volatilization and leaching in these vari-
ants was 73.2 and 62.9%, respectively.

Table 2. Quality of humus in the arable layer of meadow-gray soils

Soil HA FA HA+FA Humins Сгк
Сфк

Meadow-chernozem washed away 27.5
9489

32.1
10994

59.8
20181

40.2
11785 0.71

Meadow-chernozem reclaimed 29.9
6309

33.1
15431

63.0
32256

37.0
18944 0.90

Note: *– in the numerator % of the total humus content, **– in the denominator in kg/ha.

Figure 1. Fractional composition of humus in the arable layer of meadow-gray soils
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The use of nitrification inhibitors had a 
positive effect not only on the use of fertiliz-
er nitrogen by tobacco plants, but also on the 
share of soil and fertilizer nitrogen in the total 
amount of nitrogen supplied to plants. Thus, 

the share of fertilizer nitrogen in the total nitro-
gen removal by plants with the application of 
a nitrification inhibitor increased from 41.8 to 
50.9%, and the share of soil nitrogen decreased 
from 58.2 to 49.1%.

Table 3. Content of various nitrogen fractions in meadow-chernozem soil 

Depth, cm C/N N total, kg/ha N-NH4 kg/ha, 
% of gross

N-NO3 kg/ha, % 
of gross

N-NН4+N-NО3 
кг/га, % к gross

Alkaline hydrolyzable, 
kg/ha, % of gross

Washed away

0–10 6.8 1188 33/2.8 11.7/1.0 44.7/3.8 128/10.7

10–20 6.5 1128 28/2.5 14.5/1.3 42.5/3.8 109/9.7

20–30 6.5 1015 22/2.1 14.8/1.6 36.8/3.7 89/8.7

30–40 6.5 822 16.4/2.0 4.2/0.5 20.6/2.5 65.6/8.0

40–50 5.8 705 8.4/2.0 4.4/0.6 12.8/1.8 53/7.5

50–60 5.8 512 6/1.2 2.8/0.6 8.8/1.8 35.8/7.0

60–70 5.8 262 4/1.6 3.7/1.4 7.7/3.0 20.4/7.8

70–80 - 274 3/10.5 2.4/0.9 5.4/1.4 19/6.9

80–90 - 144 2/1.5 2.7/1.9 4.7/3.4 11/7.6

90–100 - 148 - 0.7/0.5 0.7/0.5 8/5.4

Washed

0–10 7.1 1792 44.8/2.5 23.4/1.3 68.2/3.8 187.4/10.4

10–20 7.1 1536 60.1/3.9 15.1/1.0 65.2/4.9 168/10.9

20–30 6.4 1320 40.5/3.1 16.4/1.2 46.9/4.3 129/9.8

30–40 6.4 1120 24/2.1 13.7/1.2 37.7/3.3 92/8.2

40–50 6.4 810 15/1.8 9.2/1.1 24.2/2.9 70/8.6

50–60 5.8 630 /1.9 8.3/1.3 20.3/3.2 52/8.2

60–70 - 399 6.0/1.5 7.2/1.8 13.2/3.3 23/5.8

70–80 - 402 4.5/0.2 6.1/1.5 10.6/2.7 25.6/0.4

80–90 - 405 1.5/0.4 3.0/0.8 4.5/1.2 16.5/4.1

90–100 - 130 - 2.1/1.6 2.1/1.6 10/7.6

Figure 2. Nitrogen balance of labeled urea in a small-plot experiment with tobacco.
The denominator is the use of nitrogen by the above-ground mass of plants.
The numerator is the use of nitrogen by the entire vegetative mass of plants
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CONCLUSIONS

Based on the study of irrigation-eroded mead-
ow-gray soils of the Urgut district, the following 
conclusions can be made:
	• Irrigation water mostly washes away fine 

silty, organic-matter-rich soil particles. Due 
to this, the thickness of the humus horizon in-
creases on the washed part of the slope. On 
the washed part of the slope, a sharp decrease 
in the humus content is observed towards the 
lower soil horizons, and on the washed ones, 
the distribution of humus along the soil profile 
is more uniform.

	• Erosion processes lead to a decrease in the 
content of the sum of N-NO3 + NH4 and alka-
line-hydrolyzable nitrogen in the arable and, 
partially, subarable horizons of washed soils. 
At the same time, its amount increases on 
washed varieties.

The use of a nitrification inhibitor on tobac-
co plantations on washed meadow-gray soils 
contributed to a more rational use of soil nitro-
gen reserves, significantly reduced the washout 
of fertilizer nitrogen. The latter is especially 
important, since tobacco plantations in the Ur-
gut region are located on fairly steep slopes. 
The use of a nitrification inhibitor against the 
background of a single application of the en-
tire dose of urea affected individual items of 
the nitrogen balance of fertilizers: it increased 
fixation in the soil from 21–30% to 29–34%, 
and losses with solid runoff and discharge water 
decreased by 2 times in experiments from 12 
to 5%, the amount of losses due to volatiliza-
tion and leaching from a half-meter soil layer 
decreased from 36–39% to 11–20%.
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