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Abstract — The article considers the issue revealing the 
impact of slow-acting nitrogen fertilizers on the formation of leaf 
area and winter wheat productivity. A number of research was 
conducted in 2014-2017 in the forest-steppe zone of the Tyumen 
region, on leached chernozem, a predecessor is pure steam. In the 
period of earing the development of the leaf apparatus of winter 
wheat has been intensified by 0.18–4.73%, with respect to the 
control (without fertilizers) and other compared variants. 
Concerning the structure of winter wheat yield, within the period 
of study, the third, fourth and sixth variants of the experiment 
are traced, in which the control variant (without fertilizers) was 
exceeded by the largest number of indicators to the yield 
structure. The yield in the third, fourth and fifth variants was 
close in value, respectively, 3.36-3.41 kilo/ha, which is higher by 
0.27-0.32 kilo/ha. The second option with the introduction of urea 
(60 kg / ha ai) appeared to be less effective: the average yield 
increase was 0.66% relative to the control. The yield of winter 
wheat, depending on the weather conditions of winter period, can 
vary from 2.20 to 4.58 t/ha, with a yield increase of up to 0.51 
kilo/ha, which can positively affect the economic efficiency of 
cultivation and distribution of this yield in the Northern forest-
steppe of the Tyumen region. It was established that the highest 
yield increase compared with the control one was obtained in the 
sixth variant with fertilization including carbamide encapsulated 
according to “Si” technology. 

Keywords — mineral fertilizers, leaf area, crop yield winter 
wheat 

I.  INTRODUCTION 
The climatic and soil resources of the Tyumen region 

allow to cultivate winter wheat. On average for 40 years the 
yield of spring wheat was 14.4 c/ha rather than winter wheat 

was 16.2, which is by 1.8 c/ha higher than the yield of spring 
wheat [1]. 

Improving the sustainability of grain production, 
increasing a gross harvest is considered to be one of the key 
elements in production. One of the components of the 
resource-saving technology in wheat growing is the use of 
mineral fertilizers [2-9]. 

At present, the State Agricultural University of the 
Northern Trans-Urals produces slow-acting nitrogenous 
fertilizers that have been gained with “Si” technology [10]. 

For three years in the experimental field of the Northern 
Trans-Urals the field experiment has been conducted aimed at 
studying the influence of the mineral fertilizers on the leaf 
area and winter wheat yield  

II. SUBJECTS AND METHODS 
In this vein, the aim of the current research is to study the 

efficacy of slow-acting nitrogenous fertilizers on leaf area 
formation and winter wheat productivity.  

The soil used in the experiment is leached chermozem, 
humus substance is 7.65-9.05% [11]. The experiment dealt 
with the standard sort of winter wheat “Novosibirskay 32”, 
with six experiment variants to apply fertilizers according to 
the experiment agenda. A seed time is the first part of 
September. The periodicy of the experiment is quadruplex, a 
square of a field is 30 м2. Agro-equipment is conventional to 
be used for a culture in this zone. A predecessor is pure steam. 
Six variants have been studied: 

 № 1 – control (without fertilizers); 
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 № 2 – carbamide (60 kg/ha ai.) 

 № 3 – carbamide encapsulated within "Si" technology 
(60 kg/ha ai.); 

 № 4 – carbamide encapsulated within "Si" technology 
(30 kg/ha ai.); 

 № 5 – 4 – carbamide encapsulated within "Si" 
technology (30 kg/ha ai.) + KCl (30 kg/ha ai.); 

 № 6 – 4 – carbamide encapsulated within "Si" 
technology (60 kg/ha ai.) + KCl (30 kg/ha ai.) + P2O5 
(40 kg/ha.ai.). 

 The fertilizers have been added simultaneously with 
seeding. All records and observations have been conducted in 
accordance with mainstream approaches; the results have been 
processed with a dispersion method [12].  

III. RESULTS  
The average annual air temperature and the amount of total 

precipitation contributed to the growth and the development of 
winter wheat under the conditions of the Northern forest-
steppe of the Tyumen region. While doing the research, the 
temperature mode and a number of sediments during the 
growing season differed in different time/years in terms of the 
sum relating to active temperatures and moisture availability. 
Their distribution over the growing season was uneven, with a 
lack of precipitation due to air temperatures increase. 

Thus, years 2014-2015 have been characterized by a harsh 
cold winter with a minimum temperature of January of -
31.0°С that is below the average annual temperature by 3.30° 
С. The same years had a very rainy summer; the precipitation 
fell exceeded the average annual number by 10 mm. In 
general, during 2014-2015 years 153.1 mm of precipitation 
fell, this is 35 mm lower than the average rate. 

2015-2016 years have been marked with warm winters, the 
air temperature varied from -1.0 0С in daytime to -25.0 - 
32.00С at night. In February, there was observed in the 
afternoon a sharp warming that was up to + 1.00С. Such an 
abnormal winter led to the partial death of winter wheat. The 
air temperature in the spring-summer period was almost at the 
level of the average annual value, which is 84.10С, the 
precipitation fell was 28 mm above the norm. This allowed us 
to seed in spring all-year-old grasses into winter wheat (pea-
oat mixture). In the third decade of July we harvested green 
mass. 

2016-2017 years also have been characterized by warm 
summers with temperatures above the average annual rate of 
2.0° in July, and the precipitation was 11 mm below normal. 
The average annual precipitation in the zone of the experiment 
was 300 mm, which is 29 mm higher the average rate. The 
most crop years were 2016-2017, because during the spring-
summer growing season, the optimal conditions were 
established for winter wheat yields growing; the sum of 
temperatures exceeded the average rate of the annual 
temperature by 10.4°C. 

Based on the weather conditions in the years of conducting 
the experiment, the winter-hardiness of plants was noted in 
4.8-5.0 points in the first and third year of the experiment, in 
the second year the winter resistance was 2 points. 

The photosynthetic activity of plants is the main process 
that determines the productivity of plants [13]. Mineral 
fertilizers had a positive effect on leaf surface. For 2014-2017 
the sort “Novosibirskay 32” formed the largest leaf area in the 
earing phase, with the use of 6th variant, its value was 46.17 
kilo m2 /ha, which is by 4.73 kilo m2/ha more compared with 
the control. 

We noted that in the period of earing the development of a 
leaf area of winter wheat was intensified by 0.18–4.73%, with 
respect to the control (without fertilizers) and other compared 
variants. In variant No. 1, there was noted a decrease in the 
leaf area by 2.92 kilo m2/ha. 

The yield and elements of its structure are the main 
indicators determining the effectiveness of mineral fertilizers 
that are used to increase the productivity of the crop [14-15]. 

Field germination of plants in the years of the experimental 
study was 72-80%, which is typical to the conditions of the 
Northern Trans-Urals. By harvesting time plants livability 
reached 82-89%. The highest productive tillering potential 
was noted in the third, fourth and sixth variants of the 
experiment (1.8-1.9); in the other variants of the experiment 
the productive tillering potential were 1.6-1.7. 

The height of the wheat plants on the sort under study 
varied depending on the variants of the experiment to be used. 
The highest plant height was noted in the second and sixth 
variants - 106 cm; in the control variant this indicator was 100 
cm; the fourth variant was 2 cm higher; and the fifth one was 2 
cm lower. The minimum height of the plants was noted in the 
third variant, it was 82.3 cm. 

Analyzing the structure of the yield, the following 
conclusion can be made that the maximum height of a piece of 
wheat has been noted in the fourth variant, it was 9.9 cm. in 
other variants that were studied the height of a piece of wheat 
ranged from 8,0 cm and on the fifth variant it was up to 9.5 cm 
at the control time (table 1). 

No. 3 and 6 were pointed out for a number of pieces of 
wheat, they reached 18-19 items; No. 2 and 3 had 17 spikelets 
in a piece of wheat if leveled with the control variant. The fifth 
variant demonstrated the tendency of the indicator decrease.  

Concerning the number of grains in a piece of wheat we 
can note an increase from 34 grains in the fifth variant up to 
38 in the sixth one. The control variant, No. 2 and 4 there were 
formed 36 grains in a piece of wheat. No. 3 and 6 exceeded 
the variant without fertilizers by 1-2 grains in a piece of 
wheat; the rest variant were at the control level, with one 
exception No. 5 which contained 34 grains in a piece of wheat.  

The maximum grain mass was documented in No. 4 and 6 
variants, it was 1.37-1.36g. Respectively. This value is higher 
the control variant by 0,35-0,34g. In No. 2 and 3 the gain mass 
accounted to 1.10-1.12g; the decrease in the grain mass that 
was lower the variant without fertilizers was noted in No 5.  
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TABLE I.  YIELD STRUCTURE OF NOVOSIBIRSKAY 32 DEPENDING ON THE EXPERIMENT VARIANT, 2014-2017 

Experiment variant 
Height of a 

piece of wheat, 
cm 

Number of spikelets in 
a piece of wheat, items 

Number of grains in 
a piece of wheat, 

items  

Mass of grains 
from one piece of 

wheat, g 

Mass of 
1000 grains, 

g 

Control (without fertilizers) 9 .5 17 36 1 .02 28 .5 

Carbamide (60 kg/ha ai.) 8 .2 17 36 1 .10 30 .4 

Carbamide encapsulated within "Si" 
technology (60 kg/ha ai.) 9 .0 19 37 1 .12 30 .3 

Carbamide encapsulated within "Si" 
technology (30 kg/ha ai.) 9 .9 17 36 1 .36 37 .8 

Carbamide encapsulated within "Si" 
technology (60 kg/ha ai.) + KCl (30 kg/ha. ai.) 8 .0 16 34 1 .00 33 .3 

Carbamide encapsulated within "Si" 
technology (60 kg/ha ai.) + KCl (30 kg/ha. ai.) 
+ P2O5 (40 kg/hа ai.) 

9 .2 18 38 1 .37 36 .5 

 
 

The mass of 1000 grains has changed depending upon the 
experiments to be applied. The values of changes ranged from 
28,5g. in the control variant up to 37,8g. in No. 4. It should be 
noted that No. 6, where the mass of 1000 grains also exceeded 
the control variant by 9,03g. all variants under study exceeded 
the control one (without fertilizers) by 1,8-8,0g. 

In general, regarding the structure of winter wheat yield for 
the years when the experiment was being conducted, we noted 
No. 3, 4 and 6 variants, where there is observed the 
exceedance of the control variant (without fertilizers) in so-
important indicators as the length of a piece of wheat, ear 
grain content, the mass of 1000 grains and the mass of grains 
from one piece of wheat.  

In 2014-2015 the maximum yield was noted in No. 4 with 
carbamide encapsulated within Si technology (30 kg/ha ai.) 
and it amounted to 2,73 kilo/hа. Some drops in yield there 
were noted No. 5, 3 and 6 variants in by 0.45; 0.37 and 0.31 
kilo/hа respectively. No. 2 demonstrates not significant 
exceedance of the control variant, by 0,17 kilo/hа.  

In warmer weather, in 2016-2017, the maximum yield was 
noted in the experiment 4,58 kilo/hа when No. 6 applied, that 
exceeded the control variant by 0,71 kilo/hа.  

The significant increase in yield we gained in No. 3, 4, 5 
and 6: the exceedance over the control one by 0,19-0,49 
kilo/hа. The exception was in No. 2 carbamide (60 kg/ha ai.) 
where there was observed the tendency to the yield fall by 
0,13 kilo/hа (table 2). 

On average for the years of conducting the experimental 
study, the maximum yield was gained in No. 6, where the 
carbamide encapsulated within Si technology was added (N 
(60 kg/hа ai.) + KCl (30 kg/hа ai.) + P2O5 (40 kg/hа ai.)) and 

it amounted to 3.55 kilo/hа, that exceeds the control variant by 
0.51 kilo/hа, and equals to 16.81% of the yield growth.  

The yield numbers in No. 3, 4 and 5 were close to the 
maximum one and it amounted to 3.36-3.41 kilo/hа, that is 
higher by 0.27-0.32 kilo/hа than the control variant is (3.04 
kilo/hа). 

TABLE II.  FERTILIZERS INFLUENCE ON WINTER WHEAT YIELD, 
KILO/HA  

Experiment variant 
Yield, kilo/hа Growth 

2014-
2015 

2016-
2017 Average kilo/hа % 

Control (without 
fertilizers) 2 .20 3 .87 3 .04 - - 

Carbamide (60 kg/ha ai.) 2 .37 3 .74 3 .06 0 .02 0 .66 
Carbamide encapsulated 
within "Si" technology 

(60 kg/ha ai.) 
2 .57 4 .14 3 .36 0 .32 10 .53 

Carbamide encapsulated 
within "Si" technology 

(30 kg/ha ai.) 
2 .73 4 .09 3 .41 0 .27 8 .89 

Carbamide encapsulated 
within "Si" technology 

(60 kg/ha ai.) + KCl (30 
kg/ha. ai.) 

2 .65 4 .06 3 .36 0 .32 10 .53 

Carbamide encapsulated 
within "Si" technology 

(60 kg/ha ai.) + KCl (30 
kg/ha. ai.) + P2O5 (40 

kg/hа ai.) 

2 .51 4 .58 3 .55 0 .51 16 .78 

НСР05 – 0.21 

Among all studied variants, No. 2 turned to be less 
effective when we added carbamide (60 kg/ha ai.) and in 
numbers we gained 3.06 kilo/hа, that practically equals to the 
control level. 
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Nitrogenous fertilizers allowed to increase the yield of 
winter wheat, except the variant with carbamide (60 kg/ha ai.) 

– 0.02 kilo/hа. In general, all studied variants brought the 
exceedance in yield from 0.66% to 16.81%. 

Carbamide (60 kg/ha ai.)
Carbamide encapsulated 
within "Si" technology 

(60 kg/ha ai.)
Carbamide encapsulated 

within "Si" technology (60 
kg/ha ai.) + KCl (30 kg/ha. 
ai.) + P2O5 (40 kg/hа ai.)

Carbamide encapsulated 
within "Si" technology 

(30 kg/ha ai.)Carbamide encapsulated within 
"Si" technology (60 kg/ha ai.) + 

KCl (30 kg/ha. ai.)
 

Fig. 1. Growth in yield depending on experiment variant, % 

The growth of winter wheat in the experiment variants is 
introduced in fig. 1. 

IV. CONCLUSION 
Natural and climatic conditions during the years of 

conducting the experiment and the fertilizers to be used 
showed that the largest leaf area was formed in the earing 
phase, when using No. 6 and it amounted to 46.17 kilo m2/ha, 
which is 4.73 kilo m2/ha more compared to the control 
variant. No. 3, 4 and 6 were pointed out for the best indicators 
regarding the yield structure. Thus, the yield of winter wheat, 
depending on the weather conditions of a winter period, can 
vary from 2.20 to 4.58 kilo/ha, with a yield increase of up to 
0.51 kilo/ha, which can positively affect the economic 
efficiency of cultivation and distribution of this crop in the 
Northern forest-steppe of the Tyumen region. 

Consequently, it was stated that the maximum yield 
growth compared to the control level took place in No. 6 
(carbamide encapsulated within "Si" technology (60 kg/ha ai.) 
+ KCl (30 kg/ha. ai.) + P2O5 (40 kg/hа ai.)) and it amounted to 
16.81%. 
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