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Abstract. The relevance of the study is conditioned by a decrease in the moisture supply of agricultural crops during 
the growing season due to climate changes and a tendency to reduce the moisture supply of agricultural crops. At 
the same time, the main approach to solving this problem is to combine fertigation with irrigation. The purpose of 
the study is to establish the dependence of the productivity of potatoes on the intensive farming system when using 
irrigation. Using the example of an agricultural enterprise typical for the region, the volume of nitrogen fertilisers 
applied to fully provide the crop during the growing season is estimated. To obtain scientific results, an analytical 
search was carried out and a field, laboratory, and statistical methods of processing the results were applied. As a 
result of the research, the distribution of nitrogen in comparison with losses in combination with organogenesis 
phases was optimised. To ensure communication between the plant, soil, and fertilisers, CAM 32 was used in doses 
of N30N15, which affected the structural indicators of the potato crop. When applying CAM 32 (N30) + H2O, the weight of 
tubers was obtained at the level of 4.65 kg/m2, and the yield increase was 0.5 t/ha. When using nitrogen with MgSO4, 
the yield increased to 1.5 t/ha compared to the control. In the process of transformation, it was found that the use of 
nitrogen nutrition CAM 32 (N15) + MgSO4 + Ca(NO3)2 + H2O contributed to the most intensive development of tuber mass 
up to 4.85 kg/m2 compared to the control – 4.6 kg/m2. In the final product, an increase in the fraction was observed 
and amounted to more than 55 g/plant. The analysis of yield indicates a positive trend in the use of nitrogen nutrition, 
where the increase was 2.5 t/ha. The studied data can be applied by agricultural producers in the Forest-Steppe and 
Polissia zones to obtain high yield gains when growing potatoes
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INTRODUCTION
From 2009 to the present, the agricultural sector of 
Ukraine provides economic growth and export poten-
tial growth, mitigating negative trends observed in other 
sectors of the national economy. In the future, further 
growth of agricultural production is expected, consid-
ering the significant share of highly fertile soils, flat 
terrain, and favourable climatic conditions. Despite the 
high agricultural potential of Ukraine, the level of its use 
remains insufficient. The reason for this is, among other 

things, the risks associated with a lack of moisture and 
adjustment of mineral nutrition.

Agriculture uses 70% of the total volume of fresh 
water [1; 2]. Ukraine is one of the least water-rich coun-
tries in Europe [3]. About 40% of the country’s area be-
longs to the Steppe zone, which can be considered a zone 
of risky farming where moisture is the limiting factor. 
In general, more than 50% of the country’s territory has 
insufficient moisture supply. Global climate changes, 
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which have also affected Ukraine, only exacerbate this 
problem [4; 5]. The area of land belonging to the dry and 
very dry zones has significantly expanded. This includes 
37% of arable land, while areas with sufficient moisture 
make up only 22.5% of arable land [6]. This trend will 
continue in the near future, which increases the urgency 
of expanding additional land irrigation.

In the second half of the 20th century, a powerful 
water management complex was created in Ukraine, 
providing only irrigation on an area of more than 2.5 mil-
lion hectares [3; 6]. Since 2000, the area of irrigated land 
has significantly decreased. And since the beginning of 
2014, the area of irrigated land has exceeded 500 thou-
sand hectares [3]. The introduction of intensive technol-
ogies, increasing the productivity of agricultural crops by 
introducing new varieties of intensive type, and general 
intensification of production only exacerbate the prob-
lem of moisture supply of agricultural crops. Notably, 
during 2020-2022, there was a gradual revival of irriga-
tion land reclamation. At the same time, this is already 
being done at a qualitatively new level, modern innova-
tive technologies and new equipment are being intro-
duced. In particular, areas with drip irrigation are ex-
panding at a faster pace. Thus, according to [3], the area of 
land under drip irrigation exceeded 75 thousand hect-
ares, of which about 53% are vegetables and melons, the 
rest are perennial plantings, row, technical, etc., and this 
trend will continue in the future. Despite the high cost, 
drip irrigation has a number of advantages that make 
this method of irrigation the most promising not only in 
Ukraine, but also in the world [7]. Significant advantages 
of drip irrigation include considerable savings in water 
and electricity. Electricity costs are reduced by 50-70%. 
Water consumption is reduced by up to 3.5 times, which 
is extremely important in the context of an increasing 
shortage of water resources. After all, more than 90% of 
the water supplied to the field is used by plants [8].

The adoption of the Strategy for the restoration and 
development of irrigation and drainage systems in Ukraine 
until 2030, approved by the Cabinet of Ministers [6], is 
an important step in intensifying work on the development 
of land reclamation and ensuring sustainable develop-
ment of crop production in the south of the country [7]. 
The Strategy provides substantiation for the need for ac-
celerated development of the land reclamation complex 
and defines the main strategic directions for its restoration 
on a modern basis. Over the past decades, the technical 
side has been developed quite deeply, and irrigation tech-
niques and technologies have been studied on a modern 
basis. The issues of regulating the water regime of irrigated 
lands are considered in [6-9].

One of the main goals of the Strategy is to maintain 
the priority of ensuring environmental protection tasks, 
including the preservation and reproduction of soil fer-
tility [6]. Therefore, one of the priority tasks should be to 
investigate the impact of modern irrigation technologies 
on the agroecological state of soils and ensure their high 
productivity. In the context of optimising the water supply 
of agricultural crops under irrigation conditions, the main 
factor that will determine productivity will be mineral nu-
trition of plants. Therefore, it is important to investigate 
the peculiarities of the development of a nutrient regime 
of soils in the conditions of using modern technologies 
of irrigation and cultivation of agricultural crops. More-
over, the consumption and removal of nutrients by ag-
ricultural crops on irrigated land increases significantly 
compared to dryland farming. Rational fertilisation is also 
an important measure to prevent soil degradation. After 
all, the analysis shows that in Ukraine there is a situation 
where irrational fertilisation is one of the reasons for the 
increased degradation of arable land [10; 11]. The analysis 
shows that the low level of application of organic and min-
eral fertilisers only compensates for the loss of nutrients 
used for crop formation by a third (Table 1).

Table 1. Removal of NPK by the marketable part of the crop and applied with fertilisers in Ukraine,  
2018, million tonnes

Indicators
Nutrients

Nitrogen Phosphorus Potassium

Removal with the marketable part
of the crop 1.849 0.727 0.566

Applied with fertilisers 1.431 0.402 0.318

Balance -0.418 -0.325 -0.248

Insufficient fertiliser saturation is observed on 
both rainfed and irrigated lands [9]. The result is pro-
gressive dehumification and trophic degradation of 
soils. At the same time, the removal of nutrients from the 
soil under irrigation conditions is 5% higher than under 
dryland farming. Therefore, optimising the nutrient re-
gime of irrigated soils and plant nutrition to preserve 

soil fertility and obtain stable yields is a top priority. The 
norms of fertilisers applied under irrigation conditions 
are associated with a high level of removal of nutrients 
by the crop.

It should also be noted that the system of appli-
cation of fertilisers in irrigation conditions is noticeably 
different from dryland farming. For example, fertigation 
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is widely used in drip irrigation [10]. During the period 
from 2005 to 2022, foliar top dressing of plants, precision 
farming technologies with regulation of mineral fertiliser 
doses, considering the spatial variability of the soil gust, 
became widespread. An important point is that the co-
efficients of use of nutrients from fertilisers and soil 
under irrigation conditions significantly differ from the 
indicators of rainfall conditions. All these aspects sig-
nificantly affect the development of a fertiliser system 
for agricultural crops in the context of the use of innova-
tive irrigation systems and intensive technologies. Most 
of these issues are currently insufficiently studied or 
practically not considered and require in-depth investi-
gation. When calculating fertiliser application rates, co-
efficients developed about 50 years ago and mainly for 
rain conditions are used [7]. Therefore, they are not very 
suitable for modern conditions of intensive production.

An equally important component is the impact 
of irrigation on the agroecological state of soils. Since 
land reclamation radically changes the entire soil com-
plex, affecting the development of the main soil regimes, 
properties, and even soil composition, it is important to 
study the effect of irrigation, and in particular, drip irri-
gation on soils. This is important both from the standpoint 
of preserving and reproducing soil fertility and rational 
and efficient use of irrigation water, fertilisers, pesticides, 
etc. In particular, the processes of migration, accumula-
tion, and transformation of fertilisers in the soil during 
drip irrigation, spatial distribution of nutrient compounds 
in moisture zones, and possible loss of nutrients, mecha-
nisms of absorption of nutrients by plants and dynamics 
of their accumulation in plants remain unexplored [11].

The introduction of modern innovative technol-
ogies on irrigated lands is not limited only to the use of 
modern equipment and irrigation technologies, as mod-
ern high-performance hybrids and intensive varieties, 
chemical agents, etc. are also used [12]. Modern farming 
systems are noticeably different from traditional ones, 
starting with a set of crop rotations and ending with a 
set of special measures. New varieties and hybrids of agri-
cultural crops that are actively put into production during 
2010-2020 differ significantly, both in terms of cultivation 
technologies and requirements for mineral nutrition. 
High productivity of agricultural crops, respectively, is 
ensured by optimal mineral nutrition of plants [13]. This 
requires clarification of the calculated norms of mineral 
and organic fertilisers based on the established coeffi-
cients of nutrient element utilisation for these crops. Ul-
timately, fertilisers and other agrochemicals account for 
20% of the cost of growing agricultural crops, and their 
efficient and rational use will save money and reduce the 
burden on the environment [14].

The structure of the crop is a quantitative and 
qualitative reflection of the vital activity of plant ele-
ments and organs, which determine the size of the crop 
and reflect the interaction of the body and the external 
environment at these stages of growth and develop-
ment [15]. Moreover, an analysis can determine what the 
yield value consists of, and synthesis – by what elements 
and at what share of their participation, a high yield is 
formed. Elements of the crop structure depend on many 
components and each of them has its own niche in the 
crop structure. The study of the potato yield structure 
shows a close correlation between the tuber yield and 
productivity components, primarily the weight of tubers, 
which, in turn, depends on the leaf surface area. The 
structure of the crop per unit area is determined by the 
number of tubers per plant (which depends on the number 
of stems in the bush and the number of tubers on one 
stem), the average weight of one tuber, and the number 
of plants per area [5; 13].

The purpose of the study consisted in determining 
the influence of potato feeding conditions and selecting 
types of nitrogen fertilisers for specific soil and climatic 
conditions through the formation of its productivity when 
using irrigation.

MATERIALS AND METHODS
Field studies were conducted in the Kyiv Oblast during 
2020-2022 on a farm located in the Forest-Steppe of 
Ukraine, the climate of this territory is temperate con-
tinental. In this region, the duration of the growing sea-
son ranges from 198-204 days, which is equivalent to the 
amount of moisture that evaporates, so to obtain profit-
able yield increases with such an amount, the moisture 
content of the natural zone is insufficient [10; 16].

To ensure the harvest, tubers of the Karrera elite 
variety were planted, the fraction was 35-50 mm, and the 
varietal fraction was 100% [12].

According to the standard of Ukraine DSTU 4013-2001 
“Varietal and sowing qualities of seed potatoes. TU”, potato 
seeds of the first reproduction must meet certain require-
ments, which include the fractionality of tubers [17]. 

Observations were carried out throughout the 
growing season on the quality indicators of water that 
was used for watering potatoes. The analysis of wa-
ter for irrigation was carried out in accordance with 
DSTU  8346:2015 [13]. The suitability of water for irriga-
tion was estimated according to DSTU 2730-94 [18].

According to the set goal, an experiment was laid 
down according to the field experiment scheme (Table 2), 
which provided for the study of the effect of nitrogen nu-
trition on the development of the structure and growth 
of potato yield [19].
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Table 2. Experiment scheme
No. Fertiliser variant BBCH phases

1 Control –

2 CAM 32 (N30) + H2O BBCH 60-69

3 CAM 32 (N30) + MgSO4 + H2O
BBCH 60-69
BBCH 71-79

4 CAM 32 (N15) + MgSO4+ Ca(NO3)2 + H2O
BBCH 60-69
BBCH 71-79
BBCH 80-89

Before laying the experiments, the following op-
erations were performed:

Autumn period:
– slitting 45 cm (John Deere 6195M + AGR 2.4);
– cultivation with a depth of 18-20 cm with the ad-

dition of KCl application rate of 300 kg/ha (John Deere 
8300 + Peliper).

Spring period:
– mulching CAM 26 + 2.6% sulphur (Tecnoma Laser) 

200 kg/ha;
– disking (John Deere 6195M + VADERSTAD) 5 cm;
– pre-planting cultivation for 12-18 cm and applica-

tion of liquid complex fertilisers (8:24) 150 kg/ha (John 
Deere 8300 + Peliper) ;

– planting (John Deere 6195M + Grimme GL 34KL) 
24.04.2021 + adding Selest top 1 l/ha and Bulbostim 1 l/t;

– after planting: introduction of MgSO4*7H2O (150 kg/‌ha) + 
+CAM 26 + 2.6% sulphur 200 l/ha (Tecnoma Laser);

– hilling (John Deere 6195M + Grimme GF 75-4);
– application of Zenkor liquid (Tecnoma Laser) 600 g/‌ha
– introduction of CaCO3 100 kg/ha into the flowering 

phase (MVU-6 watering can);
– desiccation with Reglon Super v.r.k. (2 l/ha) with In-

uma IAS 4030 EVOLUTION sprayer + John Deere tractor;
– mechanised potato harvesting unit ROPA + John 

Deere tractor.

According to the experiment, fertilisers were 
applied to critical phases of organogenesis that corre-
sponded to BBCH phases of the culture. During the entire 
growing season, irrigation was carried out with drum-type 
irrigation systems using 5-fold irrigation with a spout 
rate of 250 m3/ha. 

For a more accurate analysis of biometric indica-
tors of potatoes, plant samples were selected during the 
growth and development phases: flowering, fruit devel-
opment, and fruit ripening. To characterise the develop-
ment of crops, such indicators as plant height, number of 
stems, number of tubers per plant, diameter were deter-
mined, and the crop structure was considered during the 
technical ripeness phase. All experiments were repeated 
three times.

RESULTS AND DISCUSSION
According to the conducted studies, when investigating the 
physiological parameters of potatoes, compliance with the 
lowest moisture capacity (MC) at the level of 80% affected 
the processes that occur in the plant. Applying irrigation 
and reformatting of agrotechnical measures in potato 
cultivation. All efforts aimed at accumulating moisture re-
serves in the soil under the condition of applying various 
forms of nitrogen fertilisers with irrigation water solved 
problems with the nutrient availability (Table 3).

Table 3. Influence of mineral fertiliser standards on the structural elements of Karrera potatoes

Variants
BBCH phases Control CAM 32 (N30) + H2O

CAM 32 (N30) + + 
MgSO4+ H2O

CAM 32 (N15) + MgSO4+ 
+ Ca(NO3)2+ H2O

Flowering 
phase (BBCH 

60-69)

Number of stems, units/plant. 3 4 5 5

Plant height, cm 52 54 56 53

Number of tubers, units/plant. 9 12 15 13

Average diameter of tubers, mm 30 40 45 45

Fruit 
development 
(BBCH 70-79)

Number of stems, units/plant. 4 4 5 5

Plant height, cm 50 46 51 52

Number of tubers, units/plant. 14 12 17 21

Average diameter of tubers, mm 40 45 50 45

Fruit ripening 
(BBCH 80-89)

Number of stems, units/plant. 4 4 5 4

Plant height, cm 43 40 48 44

Number of tubers, units/plant. 13 9 19 15

Average diameter of tubers, mm 55 50 55 55
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When analysing the indicators of tubers of the 
Karrera variety during the flowering phase, the height of 
plants in the variants was in the range of 50-56 cm. The 
greatest height was observed during the flowering phase 
compared to subsequent growth and development 
phases. This can be explained by the fact that during this 
period, the vegetative mass of potatoes gives the great-
est increase in green biomass during this phase. Highest 
height on the CAM 32 variant (N30) + MgSO4+ H2O indi-
cates a high supply of plants with mineral nutrition.

Researchers claim that the limiting indica-
tor for crop development is the number of stems on 
the bush  [20]. During the research, the statements of 
G.Y. Kornelyuk regarding dependences were confirmed. 
The dependence of the leaf index and leaf surface area 
per 1 ha also further affect the number and size of tubers. 
On variants with CAM 32 (N30) + MgSO4 + H2O and CAM 32 
(N15) + MgSO4 + Ca(NO3)2 + H2O, it was 5 units/plant. 

The future harvest is calculated by the number 
of tubers and is one of the most important indicators. 
The largest number of tubers was noted on the variant 
with the introduction of CAM 32 (N15) + MgSO4 + Ca(NO3)2 

+ H2Oh and was 15 pieces per Bush. When analysing the 
fractionality of tubers, the effect on the quality of the po-
tato crop was established. The conducted studies con-
firm the opinion of I.P. Bugaeva regarding the influence 
on the fractionality of potatoes [22].

A low percentage of the yield can be obtained by 
creating unhealthy, small, damaged tubers, and increas-
ing the amount of a large fraction of potatoes. Accord-
ing to the study results, the indicators for variants with 

the introduction of CAM 32 (N30) + MgSO4 + H2O and 
CAM 32 (N15) + MgSO4 + Ca(NO3)2 + H2O were 45 cm. At 
the phase change on BBCH 70-79, biometric indicators 
changed and ranged from 46 to 52 cm, this indicates in-
tensive development of the root system and inhibition of 
green biomass growth. The number of tubers from the 
bush did not exceed 21 units when depositing CAM 32 
(N15) + MgSO4 + Ca(NO3)2 + H2O the smallest amount was 
noted on the option with the introduction of CAM 32 (N30) + 
+ H2O and was 12 units/plant. On the variant with CAM 32 
(N30) + MgSO4 + H2O and CAM 32 (N15) + MgSO4 + Ca (NO3)2 + 
+ H2O increase in the diameter of tubers was observed 
and amounted to 50 and 45 mm, respectively. During the 
fruit ripening phase, the lowest plant height values were 
observed compared to the previous phases. The number 
of stems ranged from 5 units/‌plant. The largest number 
of tubers was observed on the variant with CAM 32 (N15) +  
+ MgSO4 + Ca(NO3)2 + H2O was 22 units/‌plant, and the 
smallest number was observed in the variant CAM 32 (N30) + 
+ H2O – 12 units. But the fractional composition was the 
largest and was in the range of 45-55 mm.

It is established that the planting material of po-
tatoes of the first reproduction is the key to a high and 
guaranteed harvest. 

In the conducted studies, the structure of crop 
elements was determined according to which they were 
recorded. Thus, the main phase of technical ripeness was 
determined, the obtained values were characterised by 
the following scale: up to 40 mm, 40-55 mm, more than 
55 mm. In addition, the total weight of tubers and their 
number were calculated (Table 4).

Table 4. Influence of mineral nutrition on the fractional composition and yield of Karrera potatoes

Variant

Number Weight

Average 
weight of 

tubers, 
kg/‌m2

Yield, t/ha
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Control 23 6 7 10 1,950 650 500 800 4.60 46.0

CAM 32 (N30) + H2O 28 6 15 7 1,950 200 950 800 4.65 46.5

CAM 32 (N30)+ MgSO4 + H2O 33 13 16 4 1,875 325 950 600 4.75 47.5

CAM 32 (N15) + MgSO4 + Ca(NO3)2 + H2O 26 8 9 10 2,100 250 575 1,275 4.85 48.5

The use of nitrogen nutrition in combination 
with irrigation in the cultivation of potatoes increased 
its yield. Thus, the smallest amount was observed in the 
fertilised variant with the introduction of CAM 32 (N30) + 
+ H2O and amounted to 46.5 t/ha. With an increase in the 
retail application of mineral fertilisers, a higher yield of 

food potatoes was also established on the variant CAM 32 
(N15) + MgSO4 + Ca(NO3)2 + H2O – 48.5 t/ha. 

CONCLUSIONS
Analysis of the obtained experimental material shows that 
the total number of nutrients involved in the cycle in different 
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the level of 55 g/plant with a tuber weight of 1,275.
Therefore, after the conducted research, it is rec-

ommended, in the conditions of the Forest-Steppe zone, 
when growing table potatoes, to ensure stable high-per-
formance production against the background of irriga-
tion, to use CAM 32 (N15) + MgSO4 + Ca(NO3)2 + H2O. This 
will lead to a yield of 48.5 t/ha with a weight of tubers of 
more than 55g and not less than 1,275g.

fertiliser variants is different and is determined by the level 
of yield and affects the structure of the potato crop. 

It was established that to ensure sustainable 
high-yield production on irrigated lands, rational and 
efficient use of fertilisers for table potatoes in the near 
future, it is recommended to use CAM 32 (N15) + MgSO4 + 
+ Ca(NO3)2 + H2O to obtain a yield of table potatoes at the 
level of 48.5 t/ha and obtain a fractional composition at 
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Поєднання ефективного використання ірригації 
та мінерального живлення за вирощування картоплі столової

Анотація. Актуальність досліджень зумовлена зменшенням вологозабезпечення сільськогосподарських 
посівів в період вегетації внаслідок змін клімату та тенденцією до зменшення вологозабезпечення 
сільськогосподарських посівів. В той же час основним підходом по вирішенню цієї проблеми є поєднання 
фертигації зі зрошенням. Метою досліджень є встановлення залежності продуктивності картоплі столової 
за інтенсивної системи землеробства при застосуванні зрошення. На прикладі типового для регіону 
сільськогосподарського підприємства оцінено обсяги внесення азотних добрив для повного забезпечення 
культури в період вегетації. Для отримання наукових результатів було проведено аналітичний пошук та 
використанні польовий, лабораторний та статистичний метод обробки результатів. В результаті досліджень 
було оптимізовано розподіл нітрогену в порівнянні з втратами в поєднанні з фазами органогенезу. Для 
забезпечення зв’язку між рослиною, ґрунтом та добривами застосовували КАС 32 в дозах N30N15, що впливало на 
структурні показники врожаю картоплі. При застосуванні КАС 32 (N30) + Н2О була отримана маса бульб на рівні 
4,65 кг/м2, і приріст врожаю становив 0,5т/га. При застосуванні нітрогену з MgSO4 приріст врожаю збільшувався 
до 1,5 т/га в порівнянні з контролем. В процесі трансформації було встановлено, що застосування азотного 
живлення КАС 32 (N15) + MgSO4 + Ca(NO3)2 + Н2О за вирощування картоплі столової сприяло найінтенсивнішому 
формуванню маси бульб до 4,85 кг/м2 порівняно з контролем – 4,6 кг/м2. В кінцевій продукції спостерігалося 
збільшення фракції і становило більше 55 г/росл. Аналіз врожайності свідчить про позитивну динаміку при 
застосуванні азотного живлення де приріст становив 2,5 т/га. Дані досліджені можуть бути застосованими 
сільськогосподарськими виробниками в зоні Лісостепу та Полісся для отримання високих приростів врожаїв 
при вирощуванні картоплі

Ключові слова: агроресурсний потенціал, краплинне зрошення, поживні елементи, поживний режим ґрунтів


