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Abstract. Fertilizers play an important role in regulating soil humus concentration and 

crop productivity. The optimal and rational application of fertilizer provides higher quality 
yield. In this study, the impact of mineral and organic fertilizers (manure) on the growth and 
development of cabbage has been explored. The use of mineral fertilizers on natural and organic 
backgrounds contributed to the increase in the average plant mass to 2,862 and 3,333 g. The 
yield capacity when using mineral fertilizers increased to 41.0 t/ha, the increase in yield to 
control was 9,3 t/ha or 29,3 %. The creation of an organic background increased the yield of 
cabbage by 3.5 t/ha in comparison with natural, and mineral fertilizers on the organic 
background by 10,2 t/ha. The use of fertilizers in agriculture is one of the key factors of 
conservation and optimization of soil fertility and crop productivity.

Key words: fertilizer, nutrition condition, cabbage, yield, quality.

INTRODUCTION
Irrigated foothill dark chestnut soils 

of the Trans-Ili Alatau are agri terrains of 
intensive farming. On these soils, agricul
tural crops are intensively cultivated, in 
particular white cabbage and potatoes. By 
gross harvest white cabbage takes first 
place among vegetable crops. The basis 
for increasing crop yields and improving 
the obtained product quality and increas
ing soil fertility is chemicalization of farm
ing. To obtain high harvests of cabbage 
and improve the quality of cabbage, it is 
required to apply optimal doses of fertiliz
ers. The greatest return on fertilizers is 
obtained when they are applied taking 
into account the plants' need for nutrients 
and provision of soil with mobile nutri
ents.

The most important condition for 
increasing the effectiveness of fertilizers is 
the determination of optimal doses and 
ratios of nutrients, taking into account the 
biological characteristics of cultivated 
crops, planned yields, soil-climatic, 
organizational and economic conditions

and properties of the used fertilizers.
Currently, there is a trend of 

biologization of land cultivation, which 
assumes the use of organic fertilizers 
(manure, bird droppings, etc.), straw, 
siderates, humates combined with 
moderate doses of mineral fertilizers in 
order to preserve and optimize soil 
fertility.

The most important factor in pre
serving soil fertility is the use of fertiliz
ers. Fertilizers play an important role in 
regulating humus concentration and crop 
productivity. Organic fertilizers, as a rule, 
determine the formation of humus re
serves, the composition of new humus 
substances and soil energy potential, have 
a complex effect on all factors of soil fertil
ity such as biological, agrophysical, agroe- 
cological and phytosanitary. Therefore, in 
intensive farming, the required optimiza
tion of specific parameters of humus state 
can be achieved by applying organic ferti
lizers into soil [1, 2].

Mineral fertilizers have a direct and 
indirect effect on humus concentration
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and composition. Their direct impact is 
manifested in the changed conditions of 
humus formation: the reaction of the envi
ronment, peptization of humic substances, 
and the effect on soil biochemical activity. 
Indirect - in the increased biomass of plant 
residues entering the soil in fertilizers ap
plication, which contributes to the reduc
tion of humus loss in comparison with not 
fertilized soil [3-5].

Due to the indirect effect, the effect 
of mineral fertilizers is much weaker than 
that of organic fertilizers. Nevertheless, the 
positive role of mineral fertilizer systems 
in preserving humus, reducing its losses, 
especially on humus-poor soils, is clearly 
manifested.

The data of G.P. Gamzikov and M.N. 
Kulagin [6] determined that the use of in
dustrial fertilizers reduces the loss of or
ganic matter and nitrogen in soils, in many 
cases stabilizing their quantity at the initial 
level.

Prolonged use of fertilizers increases 
the concentration of easy hydrolyzable and 
nitrogen-accessible nitrogen compounds, 
enriches them with water-soluble, hydro
philic organic substances, mobile humus 
fractions, increases humus activity.

Under the impact of mineral 
fertilizers, especially nitrogen fertilizers, 
the coefficient of humification of plant 
residues increases [7, 8]. It has been deter
mined that nitrogen of mineral fertilizers is 
included in all fractions of soil organic 
matter [9, 10].

The aim of these studies is to explore 
the effect of mineral fertilizers on the yield 
and quality of cabbage.

OBJECTS AND METHODS
The object of the study is the dark 

chestnut soil of the foothills of the Trans-Ili 
Alatau in conditions of irrigation and culti
vation of vegetable crops, in particular, the 
Kharkov winter cabbage variety.

The climate of the foothill belt of Ile 
Alatau is characterized by large daily and 
annual variations in air temperature, cold

winters, prolonged hot summers. The aver
age temperature in January is -6-140С frost 
and 22-250С in July

The average long-term annual pre
cipitation for the period above 100С is 175
250 mm, and the sum of air humidity defi
cits for this period is 1500-1700 mm.

On average, the soil freezes to the 
depth of 15-55 cm. The average duration of 
the frost-free period is 140-170 days [11, 
12].

Heat supply of vegetation period of 
the foothill belt allows to grow many heat- 
loving crops, including vegetables.

The research was carried out in two 
vegetable crop rotations:

1. In intensive vegetable rotation - on 
two backgrounds (natural and organic - 60 
tons/ha) with alternation of crops: cereals, 
late cabbage, cucumber, tomato and table 
root crops. Experimental studies were con
ducted on the late cabbage - Kharkov win
ter variety, where fertilizer variants were 
studied according to the following scheme:

N0 Р0К0 (control)
N60 Р3 0 К30

^20Р60К60
^80Р90К90
Soil research was carried out on two 

fertilizer variants:
1. N0 Р0К0- control (without fertiliz

ers).
2. ^ 2 0Рв0 Кв0 - a moderate dose of 

mineral fertilizers.
In the experiments, urea (46 % a.s.), 

double superphosphate (46 % a.s.) and 
potassium chloride (60 % a.s.) and half
repulsed manure (60 t /ha) were used. The 
area of the experiment is 0,5 ha, the plot 
area is 224 m2.

Manure and phosphate-potassium 
fertilizers were applied in autumn in plow- 
land, and nitric fertilizers - in the spring in 
deep cultivation.

2. Vegetables - grass-crop rotation 
with alternating crops - cereals with sow
ing perennial grasses, perennial grasses, 
potatoes, cabbage, cucumber, tomato, table
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root crops. Experimental studies were car
ried out on fertilizer variants according to 
the following scheme:

N0 Р0К0 
N60 Рб0Кб0 
^20Р120К 120 
^80Р180К180
Soil research was carried out on the 

following options:
1. N0 Р0К0 (control).
2. ^ 2 0 Р1 2 0К 120 - optimal dose of 

mineral fertilizers.
The experiment area is 0,5 ha, the 

plot area is 42 m2.
RESULTS AND DISCUSSION 
Growth and development o f  cabbage 

plants. In this research, the application of 
manure and mineral fertilizers to optimize 
the parameters of soil fertility has provided

favorable conditions for the nutrition of 
vegetable crops. High supply of plants with 
easily digestible forms of nutrients pro
moted their intensive growth and develop
ment, the formation of a larger biomass 
and, ultimately, production of high yields of 
vegetables, in particular cabbage.

The results of our studies have 
shown that the intensity of accumulation of 
biomass of vegetable plants depends on 
the conditions of their mineral nutrition.

At the beginning of vegetation, the 
weight of cabbage in the non-fertilized var
iant (control) was 11,6 grams, and on the 
background of mineral fertilizer, it in
creased to 17,7 g, which indicates the 
growth and development of cabbage under 
the influence of mineral fertilizers 
(figure1).

Figure 1- Growth and development of cabbage depending on nutrition condition
(weight, g: 1 plant)

The creation of an organic back
ground by applying 60 t/ha manure con
tributed to the improvement of growth 
and development of cabbage plants. So, 
the average weight of cabbage in the con
trol (without mineral fertilizers) increased 
by 2,6 g compared with natural back

ground, and in the options of mineral ferti
lizer - by 1,8 g.

Intensive growth and development 
of cabbage plants is observed in the first 
half of vegetation. The weight of 1 plant 
from the phase of 3-5 real leaves to the 
phase of head formation increased in aver
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age 90-100 times and amounted to 910g 
on natural background, and 1806 g on the 
organic background, in applying mineral 
fertilizers, the plant weight increased to 
1373 and 1718 g, respectively (figure 1).

The largest biomass of cabbage was 
formed by the period of technical ripeness. 
On the background without mineral ferti
lizers, the average weight of cabbage on a 
natural background was 1853 g, and on the 
organic one - 2262 g. The application of 
mineral fertilizers on different back
grounds increased the average weight of 
plants to 2,862 and 3,333 g (figure 2)

The same situation was observed on 
the background of vegetable-grass crop

rotation, where mineral fertilizers also 
contribute to the increase in the mass of 
cabbage plants.

In our studies, the late cabbage 
heads formation was relativelylow and 
made up 60,0% on a control variant of the 
intensive vegetable crop rotation on natu
ral background, and on fertilized variants 
63,5% (figure 2).

On an organic background, these fig
ures were 62,5 and 66,0% (figure 2).

The number of plants that formed 
cabbage heads on different backgrounds 
was 13,2 and 13,75 thous. pieces/ha, 13,97 
and 14,52 thous. pieces/ha on fertilized.
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Figure 2- Formation of cabbage heads depending on mineral nutrition
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The average w eight of cabbage 
head on different backgrounds w ithout 
the use of m ineral fertilizers amounted 
to 2 ,4 0 8 -2 ,5 6 8  g, and the use of m iner
al fertilizers contributed to the in
crease in the average weight of plants 
to 2 ,9 3 4 -3 ,1 3 0  g (figure 2).

The average w eight of cabbage 
plants on the background of vegetable- 
grass crop rotation was slightly less 
than in intensive vegetable rotation.

The conditions of growing, in par
ticular, m ineral nutrition, contribute to 
the intensive growth and developm ent 
of late cabbage.

Yield capacity and quality o f  cabbage. 
The results of our studies showed that the 
yield of vegetable crops and cabbage is 
largely determined by the conditions of 
their mineral nutrition and soil fertility.

The yield of white cabbage, depend
ing on the type of crop rotation 
(predecessor), the system of fertilizer ap
plication varies widely.

In intensive vegetable rotation with
out the use of organic-mineral fertilizers, 
the yield of late cabbage heads (Kharkov 
Winter), planted after barley, was 31,7 
tons/ha. The use of a full mineral fertilizer 
contributed to the increased crop yield to
41,0 t/ha (figure 3), while the yield in
crease to the control was 9,3 t/ha or 29,3 %.

Figure 3 - Cabbage yield in intensive crop rotation t /  ha

Creation of organic background 
(60 t/ha manure) increased the yield of 
cabbage by 3,5 t/ha in comparison with 
natural, and mineral fertilizers on organic 
background - by 10.2 t/ha.

The use of mineral fertilizers in 
crops of cabbage contributed to the in
creased yield of cabbage, both on a natural 
background and on organic (figure 3). A 
similar change in the yield of cabbage was

also observed in the conditions of vegeta- 
ble-grass crop rotation, where it was 
grown in terms of the turnover of the per
ennial leguminous grass. Without applica
tion of fertilizers 31,0 t/ha of cabbage 
heads were harvested. The introduction of 
a full mineral fertilizer contributed to the 
increased yield of cabbage to 37,3 t/ha 
and the increased yields to 20,3 % (table 1).
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Table 1 -Yield capacity of crops of vegetable-grass crop rotation, t/ha

Variants
Yield capacity of cabbage and potato

t/ha Yield gain
t/ha %

Potato
N0P0K0 17,2 - -
N120P120K120 22,8 5,6 31,6

Late Cabbage
N0P0K0 31,0 - -
N120P120K120 37,3 6,3 20,3

White cabbage, when forming a 
powerful biomass, can form high harvests 
of cabbage heads. Among vegetable crops, 
it is characterized by a long period of ab
sorption of nutrients and a high level of 
their removal. Therefore, cabbage is very 
responsive to the application of both or
ganic and mineral fertilizers. In our stud
ies, the use of fertilizers contributed to the 
significant increase in the yield of cabbage.

Along with productivity of agricul
tural crops, their quality indicators are 
also of great importance. This is especially 
important in growing vegetables, as many 
of them are eaten fresh. Vegetables are a 
"storehouse" of vitamins and valuable raw 
materials for the processing industry.

Every day the adult person needs 
about 400 g of vegetables and melons to 
meet the need for carbohydrates,

vegetable proteins, salts, acids, vitamins 
and other vital substances. Annual per 
capita should be 126 kg of vegetables, 20 
kg of melons and 100 kg of potatoes, 
including 35 kg of white cabbage [13].

The quality and shelf life of 
vegetable products are closely interrelated 
with the conditions of cultivation, in 
particular, mineral nutrition. Therefore, in 
our studies we also studied these issues.

The results of the research showed 
that the conditions of mineral nutrition 
have a significant effect on the quality and 
keeping quality of cabbage and vegetables. 
The dry matter content in the cabbage 
heads was 9,46 % on the background 
without fertilizer application, and in appli
cation of mineral fertilizers a slight 
tendency to decrease the dry matter was 
observed (9,20 %) (table 2).

Table 2 - Effect of mineral nutrition on the quality of cabbage

Fertilizer rates, kg/ha 
a.s. Dry matter Vitamin С, 

mg%
Total sugar,

% Nitrates, mg/kg

Intense vegetable crop rotation, Natural background
N0P0K0 9,46 32,72 4,60 236
N120P60K60 9,20 37,11 4,60 323

Organic background 60 t /  ha
N0P0K0 8,81 37,21 4,55 291
N120P60K60 9,12 40,38 4,60 420

Vegetable-grass crop rotation
N0P0K0 11,00 33,24 5,00 261
N120P120K120 11,06 37,44 5,31 465
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On an organic background without 
the use of mineral fertilizers, 8,81 % dry 
matter was contained in the cabbage, and 
on the fertilized variant - 9,12 %. Of the 
quality indicators of cabbage, the most 
valuable is the content of vitamin C. It was 
relatively high (32-40 mg %) and marked
ly increased under the influence of fertiliz
ers.

The total sugar content in the cab
bage was more leveled on the background 
of intensive vegetable crop rotation 
(4,60 %) and slightly increased on the

background of vegetable-grass crop rota
tion (5,0-5,31%). The increased content of 
nitrates in production was noted in vari
ants with fertilizer applications (323-465 
mg/kg), at the maximum permissible con
centration (MPC) of -500 mg/ 

kg wet weight (table 3).
The high concentration of nitrates in 

cabbages is also noted in conditions of 
vegetable-grass crop rotation, which is 
associated with a large amount of nitrogen 
in soil after alfalfa.

Table 3 - Effect of fertilizers on the shelf life of white cabbage

Variants Shelf life,
%

Total loss
es, %

Including

Natural los of 
weight

Partially
diseased
cabbage
heads

Completely
decayed

Cabbage heads grown on natural background
N0P0K0 74,8 25,2 9,7 7,1 8,4
N120P60K60 75,2 24,8 9,7 8,7 6,4

Cabbage heads grown on organic background (60 t/ha manure)
N0P0K0 74,0 26,0 9,5 8,2 8,3
N120P60K60 73,6 26,4 10,1 7,9 8,4

The results of the research have 
shown that conditions of mineral nutrition 
have a significant effect on preservation of 
the products for a long-term storage.

After storage (November-March), 
total loss of cabbage without the use of fer
tilizers amounted to 25,2 % (Table 3).

Preservation of cabbage heads, 
grown with the use of mineral fertilizers, 
was at the level of control. The use of min
eral fertilizers on the background of 60 t /  
ha of manure affected the preservation ca
pacity of cabbage (73.6 %) in 74,0-74,8 of 
control variant.

CONCLUSION
In order to preserve and enhance bio

productivity of dark chestnut soils in vege
table crop rotations, it is necessary to cre

ate a background for late cabbage by apply
ing 60 t/ha of manure and mineral fertiliz
ers in optimal doses (N1 2 0P6 0K6 0 ).

Intensive-vegetable crop rotation 
against the background of organic and or- 
ganic-mineral fertilizers increases humus 
concentration and elements of fertility of 
dark chestnut soils. From manure (60 t/ha), 
humus concentration increased by 4,1 %, 
from mineral fertilizers by 5,5 %, and by 
combination of organic-mineral fertilizers 
by 9,6 %.

The use of fertilizers in late cabbage 
in intensive crop rotation increases its 
yield on the natural background to 9,3 t/ha, 
on organic background - up to 10,2 t/ha, in 
vegetable-grass crop rotation - up to 6,3 t/ha.
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обеспечивает более высокое качество урожая. В данном исследовании изучено влияние 
минеральных и органических удобрении (навоза) на рост и развитие капусты. 
Применение минеральных удобрении на естественном и органическом фонах 
способствовало увеличению среднеи массы растении до 2862 и 3353 г. Урожаиность 
культуры при минеральном удобрении увеличилась до 41,0 т/га, прибавка урожая к 
контролю составила 9,3 т/га или 29,3 %. Создание органического фона повысило 
урожаиность капусты на 3,5 т/га по сравнению с естественным, минеральные удобрения 
на органическом фоне на 10,2 т/га. Использование удобрении в сельском хозяистве 
является одним из ключевых факторов сохранения и оптимизации почвенного 
плодородия и продуктивности культур.

Ключевые слова: удобрение, условие питания, капуста, урожаи, качество.
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