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Abstract. This article presents the results of a study on the effect of mineral fertilizers on the growth and 
formation of large-sized saplings of small-leaved linden (Tilia Cordata Mill) and silver birch (Betula 
Pendula Roth.) in a typical sierozem of the Tashkent region. The main criterion for assessing the effect of 
fertilizers and the feasibility of their use is the growth of saplings. It has been established that the growth of 
saplings of small-leaved linden and silver birch is enhanced by the use of mineral fertilizers. At the same 
time, the growth rate depends on the doses and the ratio of the fertilizers used. 

 
 

1 Introduction  
 

Reduced field space and a lack of vital nutrient elements are contributing to the drop in productivity [1]. Fertilizer is 
used to control the delivery of critical elements [2, 3]. Essential nutrient deficiencies have become the most common 
cause of yield losses [4]. The elements are required as a major factor in enhancing growth, yield, and quality, as well 
as a factor in lowering negative environmental impact [5-8]. It is a well-known fact that fertilizer consumption and 
productivity have a beneficial relationship. Fertilizers are responsible for a 50-60 percent rise in agricultural 
production in recent years. As a result, one of the most basic requirements for achieving the potential yield is the 
availability of key nutrient components. Plants primarily obtain nutrients from the soil. The optimal growth of plants 
is also impacted by physico-chemical-biological features of soil, such as soil texture, organic matter, cation exchange 
capacity, pH, electrical conductivity, and soil microbial activity [9-12]. Chemical fertilizers are a useful input for 
increasing crop production, although large doses have been linked to decreased soil characteristics and crop yields 
over time. Organic or mineral fertilizers, such as cow manure, on the other hand, help to retain the soil's qualities [13]. 
When developing a technology for growing large-sized seedlings of drooping birch on irrigated lands, the use of 
mineral fertilizers is of great importance [14]. The results of work on the use of fertilizers in forestry in foreign 
countries [15-22] as well as in the Republic of Uzbekistan showed that the introduction of mineral fertilizers is one of 
the most important factors contributing to an increase in the stability, safety and growth rate of woody plants. The 
results of work on the use of fertilizers in forestry in foreign countries, as well as in our republic, scientific works [23-
27] showed that the introduction of mineral fertilizers is one of the most important factors contributing to an increase 
in the stability, safety and intensity of growth of woody plants. 
Studying of assimilation issue of mineral nutrition elements in the plant growth process makes it possible to perceive 
the needs of seedlings in nutrients. It also allows to some extent control some physiological processes, in particular, 
nutritional processes in order to obtain good sustainable yields [28]. This judgment is corresponded with our research. 
To create a unit of dry matter, seedlings of different tree species require an unequal amount of basic elements of root 
nutrition. As attested to by the percentage of nutrients in various organs of linden plant [29]. 

 
2 Materials and Methods     
 

In 2015-2017 We had studied the effect of mineral fertilizers on the growth of two-year-old silver birch seedlings. The 
method of field experiment according to B.A Dospekhov [14], laboratory analyzes according to the method 
“Agrochemical, agrophysical and microbiological studies of soil analysis”. The climatic conditions of the area of the 
experimental site were given according to the data of the Tashkent meteorological station. The experiments were 
carried out on the territory of the research and experimental farm "Darkhan" at NIILKh on typical gray soils of the 
Tashkent region with humus content in the topsoil of 1.18%, total nitrogen is 0.09-0.12%, phosphorus is 0.15-0, 18%. 
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The amount of absorbed phosphorus in the arable horizon of the soil is very low - 28.0 mg / kg of soil, and also a 
small amount contains ammonia and nitrate forms of nitrogen - 10.2-19.0 mg / kg of soil. 
 
3 Results and Discussion  
 

 
Annual 

  
Biennial 

Fig.1. Growth of one- and two-year-old seedlings of small-leaved linden, depending on mineral fertilizers 
 

 
Fig.2. Two-year saplings of small-leaved linden tree fertilized with a full complex of mineral fertilizers (N90P60K30) 
 
When developing a technology for growing large-sized seedlings of small-leaved linden and  silver birch on irrigated 
lands, the issue of the use of mineral fertilizers is also important.The study of the effect of mineral fertilizers on the 
growth of two-year-old seedlings of small-leaved linden are shown in Fig. 1. The growth and development of two-
year-old small-leaved linden saplings increased significantly in the second year of their life moreover the effect of 
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fertilizers during this period was more pronounced. Observations done in the second year of life of the small-leaved 
linden after planting show that the largest growth of two-year-old linden seedlings in height was seen in the variant 
with N90P60K30 (see Fig.1). 
With a double feeding with nitrogen and phosphorus, where the increase in height was greater compared to the control 
by 24%, and the diameter at the root collar by 20.6% (experimental accuracy P = 3.6-2.4). In the variant N60P30, 
where nitrogen and phosphorus were introduced with one feeding, the increase in height was 18.2% in diameter, 
14.1% compared to the control (experimental accuracy P = 4.2-2.0). 
Our observations showed that two-year-old seedlings of small-leaved linden in all variants with fertilization in 
comparison with the control had greener color of leaves and an increased leaf area (see Fig. 2, Table 1.). For example, 
on the N90P60K30 variant, the leaf apparatus was 6.6 thousand / cm² more per model plant than on the control 
variant. 
Apparently, mineral fertilizers enhance the growth of the linden leaf area; thereby contributing to an increase in plant 
growth in height and further actively forming the crown (see Table 1). 

 
Table 1. Influence of mineral fertilizers on the formation of crowns of two-year old seedlings of small-leaved linden (for 1 model 
sapling) 

Variants Number of 
branches, pcs. 

The total length of 
the branches cm 

Number of 
leaves, pcs. 

Leaf area, 
thousand / cm² 

Control 6 455 79 15.9 
N30P30 8 680 83 21.1 
N60P30 9 692 89 24.5 
N90P60K30 10 705 91 27.6 

 
Plants in fertilized variants not only grew better, but also developed faster. If the control trees had an average of 5-6 
pcs of less developed lateral branches, then with the use of fertilizers, were 8-10 pcs, of branches. The conditions of 
mineral nutrition affect the accumulation of dry mass of linden seedlings and its organs. It was also observed that in 
the second year of growing model seedlings with the use of fertilizers there was noticeable increase in the mass of 
leaves, stems and roots, as well as the entire seedling in comparison with the control option by 1.5-2 times (see Table 
2).  
 
Table 2. Accumulation of dry matter by two-year old seedlings of small-leaved linden, depending on mineral fertilizers 

Variants Dry mass of 1 model sapling Root length, cm 
Leaves  Stems  Root  Total 

gr % 
Control n/f 12.3 22.0 24.0 58.3 100 1380 
N30P30 19.0 30.0 36.7 85.7 130.0 1492 
N60P30 24.5 35.6 48.3 108.4 186.2 1570 
N90P60K30 36.0 41.0 52.0 129.0 222.1 1682 

 
Table 3. The content of nitrate nitrogen and mobile phosphorus in 0-75 cm soil layer under two-year-old small-leaved linden 
seedlings, mg / kg for air-dry soils 
 

Variants 
 

Timing of taking  samples 
15.06.16 15.07.16 20.08.16 

Nitrates 
Control 10.7 6.7 3.2 
N30P30 12.8 17.1 10.0 
N60P30 18.0 19.3 11.2 
N90P60K30 21.5 20.0 12.0 

Phosphorus 
Control n/f 22.0 27.5 19.0 
N30P30 20.5 30.2 20.7 
N60P30 24.1 31.8 22.0 
N90P60K30 26.0 35.0 21.3 

 
This is particularly notable when applying full mineral fertilizers (N90P60K30), the dry weight of 1 model seedling 
was 129.0 g in the control variant, and this figure corresponded to only 58.3 g, which is 122.1% of the dry weight 
gain. Good results were obtained in the variant with the N60P30 consumption, where the dry weight of the seedling 
exceeded the control variant by 86.2%.Application of fertilizer favorably affects the development of root systems. As 
has shown by biometric measurements of the linden length taproots, in the N90P60K30 variant, their length is almost 
1.5 times greater than the control, which was 1682 cm, in relation to the control, which indicated 1380 cm. The data of 
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The amount of absorbed phosphorus in the arable horizon of the soil is very low - 28.0 mg / kg of soil, and also a 
small amount contains ammonia and nitrate forms of nitrogen - 10.2-19.0 mg / kg of soil. 
 
3 Results and Discussion  
 

 
Annual 

  
Biennial 

Fig.1. Growth of one- and two-year-old seedlings of small-leaved linden, depending on mineral fertilizers 
 

 
Fig.2. Two-year saplings of small-leaved linden tree fertilized with a full complex of mineral fertilizers (N90P60K30) 
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lands, the issue of the use of mineral fertilizers is also important.The study of the effect of mineral fertilizers on the 
growth of two-year-old seedlings of small-leaved linden are shown in Fig. 1. The growth and development of two-
year-old small-leaved linden saplings increased significantly in the second year of their life moreover the effect of 
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fertilizers during this period was more pronounced. Observations done in the second year of life of the small-leaved 
linden after planting show that the largest growth of two-year-old linden seedlings in height was seen in the variant 
with N90P60K30 (see Fig.1). 
With a double feeding with nitrogen and phosphorus, where the increase in height was greater compared to the control 
by 24%, and the diameter at the root collar by 20.6% (experimental accuracy P = 3.6-2.4). In the variant N60P30, 
where nitrogen and phosphorus were introduced with one feeding, the increase in height was 18.2% in diameter, 
14.1% compared to the control (experimental accuracy P = 4.2-2.0). 
Our observations showed that two-year-old seedlings of small-leaved linden in all variants with fertilization in 
comparison with the control had greener color of leaves and an increased leaf area (see Fig. 2, Table 1.). For example, 
on the N90P60K30 variant, the leaf apparatus was 6.6 thousand / cm² more per model plant than on the control 
variant. 
Apparently, mineral fertilizers enhance the growth of the linden leaf area; thereby contributing to an increase in plant 
growth in height and further actively forming the crown (see Table 1). 

 
Table 1. Influence of mineral fertilizers on the formation of crowns of two-year old seedlings of small-leaved linden (for 1 model 
sapling) 

Variants Number of 
branches, pcs. 

The total length of 
the branches cm 

Number of 
leaves, pcs. 

Leaf area, 
thousand / cm² 

Control 6 455 79 15.9 
N30P30 8 680 83 21.1 
N60P30 9 692 89 24.5 
N90P60K30 10 705 91 27.6 

 
Plants in fertilized variants not only grew better, but also developed faster. If the control trees had an average of 5-6 
pcs of less developed lateral branches, then with the use of fertilizers, were 8-10 pcs, of branches. The conditions of 
mineral nutrition affect the accumulation of dry mass of linden seedlings and its organs. It was also observed that in 
the second year of growing model seedlings with the use of fertilizers there was noticeable increase in the mass of 
leaves, stems and roots, as well as the entire seedling in comparison with the control option by 1.5-2 times (see Table 
2).  
 
Table 2. Accumulation of dry matter by two-year old seedlings of small-leaved linden, depending on mineral fertilizers 

Variants Dry mass of 1 model sapling Root length, cm 
Leaves  Stems  Root  Total 

gr % 
Control n/f 12.3 22.0 24.0 58.3 100 1380 
N30P30 19.0 30.0 36.7 85.7 130.0 1492 
N60P30 24.5 35.6 48.3 108.4 186.2 1570 
N90P60K30 36.0 41.0 52.0 129.0 222.1 1682 

 
Table 3. The content of nitrate nitrogen and mobile phosphorus in 0-75 cm soil layer under two-year-old small-leaved linden 
seedlings, mg / kg for air-dry soils 
 

Variants 
 

Timing of taking  samples 
15.06.16 15.07.16 20.08.16 

Nitrates 
Control 10.7 6.7 3.2 
N30P30 12.8 17.1 10.0 
N60P30 18.0 19.3 11.2 
N90P60K30 21.5 20.0 12.0 

Phosphorus 
Control n/f 22.0 27.5 19.0 
N30P30 20.5 30.2 20.7 
N60P30 24.1 31.8 22.0 
N90P60K30 26.0 35.0 21.3 

 
This is particularly notable when applying full mineral fertilizers (N90P60K30), the dry weight of 1 model seedling 
was 129.0 g in the control variant, and this figure corresponded to only 58.3 g, which is 122.1% of the dry weight 
gain. Good results were obtained in the variant with the N60P30 consumption, where the dry weight of the seedling 
exceeded the control variant by 86.2%.Application of fertilizer favorably affects the development of root systems. As 
has shown by biometric measurements of the linden length taproots, in the N90P60K30 variant, their length is almost 
1.5 times greater than the control, which was 1682 cm, in relation to the control, which indicated 1380 cm. The data of 
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the conducted research shows that the linden seedlings actively form the crown under the influence of fertilizers. 
Because of the longer growth period; this sort by the second year of life manages to assimilate a significant part of the 
applied fertilizers and increase the synthesis of organic substances due to them.  
To study the content of nitrates and mobile forms of phosphorus in the soil, our studies were carried out in June, 
during the period of increased growth of seedlings and their increased consumption of nutrients (Table 3).Under 
irrigation conditions, the content of nitrates and phosphates in the soil largely depends on the dose and timing of 
mineral fertilizers and on the growth rate of linden seedlings. For example, the amount of nitrates and phosphoric acid 
in June-July in the fertilized variants was higher than in the control. In this regard, on fertilized plots, seedlings grew 
much better and absorbed more nutrients than control plants. By the end of the growing season (August, September), 
their content decreases, both in the control and in the variants with the use of fertilizers, the data obtained are 
presented in Table 3. 
Analysis of the materials obtained allows us to conclude that at different times of sampling for nitrates and 
phosphorus, the highest indicators were noted in variants N60P30 at the beginning and end of the growing season for 
nitrate 18.0 mg / kg and 11.2 mg / kg, for phosphorus these values accordingly amounted to 24.1 mg / kg and 22.0 mg 
/ kg. 
In the variant N90P60K30, nitrate at the beginning and end of the growing season had values of 21.5 mg / kg and 12.0 
mg / kg, for phosphorus, respectively, 26.0 mg / kg and 21.3 mg / kg. And in the N30P30 variant, the indicators for 
the content of nitrates and phosphorus were not differ much from those in the control variant. The results of the 
analysis showed that the highest percentage of the main nutrients are contained in the leaves, fewer in the roots and 
even less in the stems. Thus, the nitrogen content at the beginning of the vegetation was 1.37%, at the end 2.07%. 
However, the highest nitrogen content was seen in July-August, which corresponded to the following indicators - 
3.23-3.32%. The phosphorus content in the leaves at the beginning of the growing season was 0.56%, at the end of the 
growing season 0.59%. And besides that, the highest number of phosphorus in the leaves indicated in the months of 
July and August, respectively, 0.73-0.79%. The potassium content at the beginning of vegetation was 1.26%, at the 
end was 0.96%. The highest phosphorus proportion in the leaves was in August-September. The nitrogen content in 
stems during the growing season varied slightly, from 1.50% at the beginning of the season to 1.65% at the end of the 
season. Similarly, as for phosphorus, fluctuations during the growing season were insignificant and amounted to 
0.56% at the beginning of the growing season and 0.63% at the end. As for potassium, it was noted that at the 
beginning of the growing season its content was greater than -1.63% than during the entire growing season. In the 
roots, the presence of nitrogen, potassium and phosphorus varied   in minor amounts during the growing season. 
The content of the main nutrients in the leaves of two-year-old saplings of small-leaved linden, depending on 
fertilizers, are given in Table 4. 
Fertilization did not significantly affect the amount of nitrogen in the leaves of linden seedlings during vegetative 
growth due to their more intensive accumulation of dry matter and the effect of "dilution" taking place. Only at the 
end of the growing season of linden saplings in variants with fertilization of the plant was characterized by a higher 
accumulation of nitrogen than in the control. 

 
Table 4. The content of the main nutrients in the leaves of two-year-old saplings of small-leaved linden, depending on fertilizers 
(in% of dry matter weight) 

 
Variants 

Timing of taking  samples 
25.05.16 15.07.16 20.08.16 

Nitrogen 
Control n/f 
N30P30 
N60P30 
N90P60K30 

1.20  
1.35  
1.48  
1.52  

1.42 
1.40 
1.42 
1.53 

 1.86 
 1.90 
 2.02 
 2.07 

Phosphorus 
Control n/f 
N30P30 
N60P30 
N90P60K30 

0.40 
0.46 
0.40 
0.38 

0.30 
0.32 
0.38 
0.38 

0.27 
0.38 
0.44 
0.48 

 Potassium 
Control n/f 
N30P30 
N60P30 
N90P60K30 

1.29 
1.37 
1.48 
1.56 

1.34 
1.38 
1.40 
1.38 

1.60 
0.62 
1.68 
1.74 

 
So, in the control at the end of vegetation, nitrogen indicators were 1.86%, in fertilized variants, it was, respectively, 
from 1.90% to 2.07%. For phosphorus, these indicators at the end of the growing season were 0.27% in the control, 
and with fertilizers from 0.38% to 0.48%. For potassium in the control 1.60% and with fertilization variants, these 
indicators ranged from 0.62% to 1.74%.The pattern of phosphorus absorption during the growing season of seedlings 
was the same as for nitrogen, the values themselves were higher. A clear effect of fertilizers on the percentage of 

phosphorus in linden leaves was not found until July, and since August, its content slightly increased both in the 
fertilized and in the control variants. The maximum potassium content in the leaves of linden saplings occurs at the 
same time as for nitrogen and phosphorus. Fertilization had not significantly affected the potassium content in the 
leaves of linden seedlings during vegetative growth due to its sufficient amount in the soil. It should be noted that a 
high content of nitrogen, phosphorus and potassium occurs in the first months of the growing season of saplings and 
especially during budding and full leafing.  
 

 
Annual 

 
Biennial 

Fig.3. Growth of one- and two-year-old silver birch saplings depending on mineral fertilizers 
 

 
1                                                               2 

Fig.4. Two-year-old silver birch seedlings:1. General view of the experimental site; 2. Fertilized with a full complex of mineral 
fertilizers (N90P60K30) 
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the conducted research shows that the linden seedlings actively form the crown under the influence of fertilizers. 
Because of the longer growth period; this sort by the second year of life manages to assimilate a significant part of the 
applied fertilizers and increase the synthesis of organic substances due to them.  
To study the content of nitrates and mobile forms of phosphorus in the soil, our studies were carried out in June, 
during the period of increased growth of seedlings and their increased consumption of nutrients (Table 3).Under 
irrigation conditions, the content of nitrates and phosphates in the soil largely depends on the dose and timing of 
mineral fertilizers and on the growth rate of linden seedlings. For example, the amount of nitrates and phosphoric acid 
in June-July in the fertilized variants was higher than in the control. In this regard, on fertilized plots, seedlings grew 
much better and absorbed more nutrients than control plants. By the end of the growing season (August, September), 
their content decreases, both in the control and in the variants with the use of fertilizers, the data obtained are 
presented in Table 3. 
Analysis of the materials obtained allows us to conclude that at different times of sampling for nitrates and 
phosphorus, the highest indicators were noted in variants N60P30 at the beginning and end of the growing season for 
nitrate 18.0 mg / kg and 11.2 mg / kg, for phosphorus these values accordingly amounted to 24.1 mg / kg and 22.0 mg 
/ kg. 
In the variant N90P60K30, nitrate at the beginning and end of the growing season had values of 21.5 mg / kg and 12.0 
mg / kg, for phosphorus, respectively, 26.0 mg / kg and 21.3 mg / kg. And in the N30P30 variant, the indicators for 
the content of nitrates and phosphorus were not differ much from those in the control variant. The results of the 
analysis showed that the highest percentage of the main nutrients are contained in the leaves, fewer in the roots and 
even less in the stems. Thus, the nitrogen content at the beginning of the vegetation was 1.37%, at the end 2.07%. 
However, the highest nitrogen content was seen in July-August, which corresponded to the following indicators - 
3.23-3.32%. The phosphorus content in the leaves at the beginning of the growing season was 0.56%, at the end of the 
growing season 0.59%. And besides that, the highest number of phosphorus in the leaves indicated in the months of 
July and August, respectively, 0.73-0.79%. The potassium content at the beginning of vegetation was 1.26%, at the 
end was 0.96%. The highest phosphorus proportion in the leaves was in August-September. The nitrogen content in 
stems during the growing season varied slightly, from 1.50% at the beginning of the season to 1.65% at the end of the 
season. Similarly, as for phosphorus, fluctuations during the growing season were insignificant and amounted to 
0.56% at the beginning of the growing season and 0.63% at the end. As for potassium, it was noted that at the 
beginning of the growing season its content was greater than -1.63% than during the entire growing season. In the 
roots, the presence of nitrogen, potassium and phosphorus varied   in minor amounts during the growing season. 
The content of the main nutrients in the leaves of two-year-old saplings of small-leaved linden, depending on 
fertilizers, are given in Table 4. 
Fertilization did not significantly affect the amount of nitrogen in the leaves of linden seedlings during vegetative 
growth due to their more intensive accumulation of dry matter and the effect of "dilution" taking place. Only at the 
end of the growing season of linden saplings in variants with fertilization of the plant was characterized by a higher 
accumulation of nitrogen than in the control. 

 
Table 4. The content of the main nutrients in the leaves of two-year-old saplings of small-leaved linden, depending on fertilizers 
(in% of dry matter weight) 

 
Variants 

Timing of taking  samples 
25.05.16 15.07.16 20.08.16 

Nitrogen 
Control n/f 
N30P30 
N60P30 
N90P60K30 

1.20  
1.35  
1.48  
1.52  

1.42 
1.40 
1.42 
1.53 

 1.86 
 1.90 
 2.02 
 2.07 

Phosphorus 
Control n/f 
N30P30 
N60P30 
N90P60K30 

0.40 
0.46 
0.40 
0.38 

0.30 
0.32 
0.38 
0.38 

0.27 
0.38 
0.44 
0.48 

 Potassium 
Control n/f 
N30P30 
N60P30 
N90P60K30 

1.29 
1.37 
1.48 
1.56 

1.34 
1.38 
1.40 
1.38 

1.60 
0.62 
1.68 
1.74 

 
So, in the control at the end of vegetation, nitrogen indicators were 1.86%, in fertilized variants, it was, respectively, 
from 1.90% to 2.07%. For phosphorus, these indicators at the end of the growing season were 0.27% in the control, 
and with fertilizers from 0.38% to 0.48%. For potassium in the control 1.60% and with fertilization variants, these 
indicators ranged from 0.62% to 1.74%.The pattern of phosphorus absorption during the growing season of seedlings 
was the same as for nitrogen, the values themselves were higher. A clear effect of fertilizers on the percentage of 

phosphorus in linden leaves was not found until July, and since August, its content slightly increased both in the 
fertilized and in the control variants. The maximum potassium content in the leaves of linden saplings occurs at the 
same time as for nitrogen and phosphorus. Fertilization had not significantly affected the potassium content in the 
leaves of linden seedlings during vegetative growth due to its sufficient amount in the soil. It should be noted that a 
high content of nitrogen, phosphorus and potassium occurs in the first months of the growing season of saplings and 
especially during budding and full leafing.  
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Fig.3. Growth of one- and two-year-old silver birch saplings depending on mineral fertilizers 
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Fig.4. Two-year-old silver birch seedlings:1. General view of the experimental site; 2. Fertilized with a full complex of mineral 
fertilizers (N90P60K30) 
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Consequently, fertilizing of linden saplings after planting and in the second year of life must be carried out during the 
budding period (late May, early June), when  height  growth of linden happens rapidly, which was confirmed in our 
studies with fractional application of full mineral fertilizer (N90P60K30). 
Biometric indicators of one and two-year-old silver birch seedlings, depending on fertilizers, are given in Fig. 3 and 4. 
From the data shown in Fig. 3, it can be seen that mineral fertilizers had a higher positive effect on the growth of two-
year-old silver birch seedlings compared to small-leaved linden. 
It was found that for the growth and formation of two-year-old silver birch seedlings, the best conditions are created 
when complete mineral fertilizers (N90P60K30) are applied with two-time nitrogen and phosphorus fertilization 
during full leafing (May) and at the beginning of height growth (second half of June) of saplings. 
The saplings height, the diameter at the root collar, the dry weight, the number of shoots and leaves in general, had the 
highest rates in this variant. For example, the height of two-year-old birch saplings was 290.4 cm versus 248.2 cm in 
the control, which was an increase of 17%. 
In this case, the total weight of the organs of the model seedling was 1104.2 g, the number of shoots is 30 pieces and 
the number of leaves is 328 pieces in comparison 805.0 g; 18; 126 appropriate controls (see Table 5).    

 
Table 5. Accumulation of dry matter by two-year-old seedlings of silver birch depending on mineral fertilizers 

 
Variants 

Dry mass of 1 model 
sapling 

 
Total 

 

Length of root 
system 

leaves stems root g. % cm % 
Control n/f 231.1 356.0 218.0 805.0 100 181 100 
N30P30 242.0 364.1 248.2 854.3 106.1 188 103.8 
N60P30 356.0 378.0 267.0 1002.0 112.5 209 115.4 
N90P60K30 358.9 392.3 350.0 1104.2 113.7 225 124.3 

 
The introduction of nitrogen and phosphorus at a dose of 30 kg / ha during bud opening did not have an effective 
impact of the growth and formation of two-year-old birch seedlings. 
Somewhat better results were obtained with the introduction of N60P30 with one nitrogen fertilization (30 kg / ha) 
during  full leafing, where the average height of two-year-old saplings was 280.4 cm, the diameter at the root collar 
was 29.4 mm versus 248.2 cm and 25, 0 mm according to the control. In addition, in the fertilized variants of two-
year-old birch saplings, they had a lively color of leaves and a large leaf surface (see Table 6). 

 
Table 6. Formation of crowns of two-year-old silver birch seedlings depending on mineral fertilizers 

 
 

Variants 

Number of 
branches 

The total length of 
the branches, cm 

per one model sapling 
Number of 
leaves, pcs.  

Leaf area, 
cm2 

Total length of 
roots, cm 

Control n/f 18 210 126 4220 142 
N30P30 21 282 210 5332 156 
N60P30 26 380 240 8870 162 
N90P60K60 30 480 328 10740 173 

 
Table 7. The content of the main nutrients in the leaves of two-year-old silver birch saplings, depending on fertilizers (in% of dry 
matter weight) 

 
Variants  

Timing of taking  samples 
25.05.16 15.07.16 20.08.16 

Nitrogen 
Control n/f 
N30P30 
N60P30 
N90P60K30 

2.26 
2.33 
2.52 
2.70 

2.30 
2.42 
2.60 
2.81 

2.18 
2.28 
2.40 
2.36 

Phosphorus 
Control n/f 
N30P30 
N60P30 
N90P60K30 

0.34 
0.30 
0.35 
0.32 

0.38 
0.40 
0.40 
0.42 

0.36 
0.38 
0.34 
0.34 

 Potassium 
Control n/f 
N30P30 
N60P30 
N90P60K30 

1.35 
2.00 
2.20 
2.41 

1.44 
1.72 
1.68 
1.70 

1.44 
1.38 
1.50 
1.52 

 
For example, the leaf area per 1 model seedling was 5332 cm² in N30P30, 8870 cm² in N60P30, 10740 cm² in 
N90P60K30 versus 4220 cm² of the control. Increased doses of nitrogen in most cases caused abundant branching and 

leafing, which was very important for use in landscaping. For example, in the variant N90P60K30 there were 30 pcs 
of branches, and in the variant N60P30 there were 26.0 pcs. of branches, in the control there were only 18 pcs. Two-
year-old birch seedlings looked like three-year old ones with a well-developed leaf apparatus and thin physiologically 
active roots.  It should also be mentioned that planting material with an underdeveloped root system, when planted in 
a permanent place, does not take root well.  To achieve high survival rate and good growth of young woody plants, 
planting material should be purposefully formed. Saplings should have a squat stem and a well-developed network of 
thin, physiologically most active roots. We had studied the content of nitrogen; phosphorus and potassium in the 
leaves of two-year-old birch saplings in order to substantiate the timing and dose of fertilization (see Table 7). The 
data are given in Table 7 indicate that the application of N90P60K30 contributed to an increase in the content of 
nitrogen and potassium in the leaves of birch seedlings. With a small dose of nitrogen (60 kg / ha), its content in the 
leaves decreases. As for the phosphorus content in the leaves, it is worth noting that it changed little depending on the 
applied fertilizers. Apparently the optimal amount of fertilizer, in which the nutrients were absorbed in the best way, 
was the N90P60K30 variant. In summary, and as mentioned earlier, the application of fertilizers in doses and ratios - 
N90P60K30, providing the best nutritional conditions, and, accordingly, growth can be called optimal for silver birch 
saplings. Experiments show that linden differs from birch in less nitrogen and potassium content and more 
phosphorus. The application of nitrogen fertilizers in a mixture with phosphorus and potassium (N90P60K60) 
contributed to an increase in the content of nitrogen and potassium, a decrease in phosphorus in linden leaves. 
For example, if the phosphorus content in the leaves of birch saplings against the background of nitrogen-phosphorus 
fertilizers (N60P30) is 0.70%, while in non-fertilized plants it was 1.07%. 
Such a change in the ratio of nutrients assimilated by plants during the growing season had a very strong effect on the 
growth and development of plants. In this regard, the general condition of birch seedlings differed little from the 
control plants. Therefore, in the second half of the growing season, when the most intensive formation of dry matter is 
taking place, it is very important to fully supply birch saplings with nutrients. According to the variant with 
N90P60K60, where such conditions were created (feeding with nitrogen in mid-June), the plants differed from the 
plants of other variants in terms of branching power, high growth in height and diameter, consequently, a crown was 
formed that met the needs of ornamental gardening. Our data, as well as the work of other researchers reviewed in the 
literature review, showed that the effectiveness of fertilizers depends primarily on its dose and the ratio in the nutrient 
medium between nitrogen, phosphorus and potassium. For birch seedlings, there should be more nitrogen in the 
fertilizer than phosphorus and potassium, about one and a half and two times. In such conditions, the seedlings grow 
successfully and healthy. 
 
4 Conclusions  

 

In conclusion, mineral fertilizers, depending on the doses and timing of application, significantly improve the growth 
and condition of saplings of small-leaved linden and silver birch. In this regard, in order to accelerate the growth and 
development of saplings, for the first time in years of growth, they need fertilization. It should be said that the 
application of fertilizers in doses and ratios - N90P60K30, providing the best nutritional conditions, and, accordingly, 
can be called optimal for the growth and development of large-sized saplings of small-leaved linden and silver birch. 
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Consequently, fertilizing of linden saplings after planting and in the second year of life must be carried out during the 
budding period (late May, early June), when  height  growth of linden happens rapidly, which was confirmed in our 
studies with fractional application of full mineral fertilizer (N90P60K30). 
Biometric indicators of one and two-year-old silver birch seedlings, depending on fertilizers, are given in Fig. 3 and 4. 
From the data shown in Fig. 3, it can be seen that mineral fertilizers had a higher positive effect on the growth of two-
year-old silver birch seedlings compared to small-leaved linden. 
It was found that for the growth and formation of two-year-old silver birch seedlings, the best conditions are created 
when complete mineral fertilizers (N90P60K30) are applied with two-time nitrogen and phosphorus fertilization 
during full leafing (May) and at the beginning of height growth (second half of June) of saplings. 
The saplings height, the diameter at the root collar, the dry weight, the number of shoots and leaves in general, had the 
highest rates in this variant. For example, the height of two-year-old birch saplings was 290.4 cm versus 248.2 cm in 
the control, which was an increase of 17%. 
In this case, the total weight of the organs of the model seedling was 1104.2 g, the number of shoots is 30 pieces and 
the number of leaves is 328 pieces in comparison 805.0 g; 18; 126 appropriate controls (see Table 5).    

 
Table 5. Accumulation of dry matter by two-year-old seedlings of silver birch depending on mineral fertilizers 

 
Variants 

Dry mass of 1 model 
sapling 

 
Total 

 

Length of root 
system 

leaves stems root g. % cm % 
Control n/f 231.1 356.0 218.0 805.0 100 181 100 
N30P30 242.0 364.1 248.2 854.3 106.1 188 103.8 
N60P30 356.0 378.0 267.0 1002.0 112.5 209 115.4 
N90P60K30 358.9 392.3 350.0 1104.2 113.7 225 124.3 

 
The introduction of nitrogen and phosphorus at a dose of 30 kg / ha during bud opening did not have an effective 
impact of the growth and formation of two-year-old birch seedlings. 
Somewhat better results were obtained with the introduction of N60P30 with one nitrogen fertilization (30 kg / ha) 
during  full leafing, where the average height of two-year-old saplings was 280.4 cm, the diameter at the root collar 
was 29.4 mm versus 248.2 cm and 25, 0 mm according to the control. In addition, in the fertilized variants of two-
year-old birch saplings, they had a lively color of leaves and a large leaf surface (see Table 6). 

 
Table 6. Formation of crowns of two-year-old silver birch seedlings depending on mineral fertilizers 

 
 

Variants 

Number of 
branches 

The total length of 
the branches, cm 

per one model sapling 
Number of 
leaves, pcs.  

Leaf area, 
cm2 

Total length of 
roots, cm 

Control n/f 18 210 126 4220 142 
N30P30 21 282 210 5332 156 
N60P30 26 380 240 8870 162 
N90P60K60 30 480 328 10740 173 

 
Table 7. The content of the main nutrients in the leaves of two-year-old silver birch saplings, depending on fertilizers (in% of dry 
matter weight) 

 
Variants  

Timing of taking  samples 
25.05.16 15.07.16 20.08.16 

Nitrogen 
Control n/f 
N30P30 
N60P30 
N90P60K30 

2.26 
2.33 
2.52 
2.70 

2.30 
2.42 
2.60 
2.81 

2.18 
2.28 
2.40 
2.36 

Phosphorus 
Control n/f 
N30P30 
N60P30 
N90P60K30 

0.34 
0.30 
0.35 
0.32 

0.38 
0.40 
0.40 
0.42 

0.36 
0.38 
0.34 
0.34 

 Potassium 
Control n/f 
N30P30 
N60P30 
N90P60K30 

1.35 
2.00 
2.20 
2.41 

1.44 
1.72 
1.68 
1.70 

1.44 
1.38 
1.50 
1.52 

 
For example, the leaf area per 1 model seedling was 5332 cm² in N30P30, 8870 cm² in N60P30, 10740 cm² in 
N90P60K30 versus 4220 cm² of the control. Increased doses of nitrogen in most cases caused abundant branching and 

leafing, which was very important for use in landscaping. For example, in the variant N90P60K30 there were 30 pcs 
of branches, and in the variant N60P30 there were 26.0 pcs. of branches, in the control there were only 18 pcs. Two-
year-old birch seedlings looked like three-year old ones with a well-developed leaf apparatus and thin physiologically 
active roots.  It should also be mentioned that planting material with an underdeveloped root system, when planted in 
a permanent place, does not take root well.  To achieve high survival rate and good growth of young woody plants, 
planting material should be purposefully formed. Saplings should have a squat stem and a well-developed network of 
thin, physiologically most active roots. We had studied the content of nitrogen; phosphorus and potassium in the 
leaves of two-year-old birch saplings in order to substantiate the timing and dose of fertilization (see Table 7). The 
data are given in Table 7 indicate that the application of N90P60K30 contributed to an increase in the content of 
nitrogen and potassium in the leaves of birch seedlings. With a small dose of nitrogen (60 kg / ha), its content in the 
leaves decreases. As for the phosphorus content in the leaves, it is worth noting that it changed little depending on the 
applied fertilizers. Apparently the optimal amount of fertilizer, in which the nutrients were absorbed in the best way, 
was the N90P60K30 variant. In summary, and as mentioned earlier, the application of fertilizers in doses and ratios - 
N90P60K30, providing the best nutritional conditions, and, accordingly, growth can be called optimal for silver birch 
saplings. Experiments show that linden differs from birch in less nitrogen and potassium content and more 
phosphorus. The application of nitrogen fertilizers in a mixture with phosphorus and potassium (N90P60K60) 
contributed to an increase in the content of nitrogen and potassium, a decrease in phosphorus in linden leaves. 
For example, if the phosphorus content in the leaves of birch saplings against the background of nitrogen-phosphorus 
fertilizers (N60P30) is 0.70%, while in non-fertilized plants it was 1.07%. 
Such a change in the ratio of nutrients assimilated by plants during the growing season had a very strong effect on the 
growth and development of plants. In this regard, the general condition of birch seedlings differed little from the 
control plants. Therefore, in the second half of the growing season, when the most intensive formation of dry matter is 
taking place, it is very important to fully supply birch saplings with nutrients. According to the variant with 
N90P60K60, where such conditions were created (feeding with nitrogen in mid-June), the plants differed from the 
plants of other variants in terms of branching power, high growth in height and diameter, consequently, a crown was 
formed that met the needs of ornamental gardening. Our data, as well as the work of other researchers reviewed in the 
literature review, showed that the effectiveness of fertilizers depends primarily on its dose and the ratio in the nutrient 
medium between nitrogen, phosphorus and potassium. For birch seedlings, there should be more nitrogen in the 
fertilizer than phosphorus and potassium, about one and a half and two times. In such conditions, the seedlings grow 
successfully and healthy. 
 
4 Conclusions  

 

In conclusion, mineral fertilizers, depending on the doses and timing of application, significantly improve the growth 
and condition of saplings of small-leaved linden and silver birch. In this regard, in order to accelerate the growth and 
development of saplings, for the first time in years of growth, they need fertilization. It should be said that the 
application of fertilizers in doses and ratios - N90P60K30, providing the best nutritional conditions, and, accordingly, 
can be called optimal for the growth and development of large-sized saplings of small-leaved linden and silver birch. 
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