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Abstract: Ultrasound, as mechanical waves with frequencies exceeding 20 thousand hertz, has 
found wide applications in medicine, physiotherapy, and more recently in agriculture. This study 
aimed to investigate the impact of ultrasound on potato yield and its parameters, particularly on 
seed potato yield, quantity, mass, and multiplication coefficient of potato tubers. The research was 
based on a three-year field experiment, utilizing the randomized block design in a split-split-plot 
arrangement, in the central-eastern region of Poland. The primary factor were technologies: a) 
technology with employing ultrasonic pre-planting treatment, b) traditional cultivation without this 
treatment. The secondary factors were potato varieties. Sonication of tubers was conducted using a 
bath-type ultrasonic device equipped with piezoe-lectric transducers. Results revealed a significant 
influence of cultivation technology, cultivar, and weather conditions on seed tubers yield, quantity, 
and multiplication coefficient of potato tubers. However, genetic traits of the examined varieties 
and random factors significantly affected the individual seed tuber mass and the number of shoots 
emerging from a single tuber. Future Outlook: Future research could focus on further optimizing 
ultrasound application techniques in potato cultivation, considering diverse varieties and 
environmental conditions. Additionally, it would be worthwhile to analyze the long-term effects of 
ultrasound on tuber seed potato quality and their ability to adapt to changing climatic and soil 
conditions. Furthermore, studies investi-gating the impact of ultrasound on other plant species 
could broaden our understanding of po-tential benefits in agriculture. 

Keywords: ultrasonication; seed potato; cultivation technology; agricultural engineering; 
piezoelectric transducers; genetic traits; environmental conditions; tuber quality; climate adaptation 

 

1. Introduction 

Ultrasonic waves have the ability to induce physical and chemical changes in liquid media 
through the phenomenon of acoustic cavitation. They are utilized in various fields, including the 
synthesis of functional materials, emulsification, cleaning, and processing. Additionally, recent 
research demonstrates the potential of ultrasonics in areas such as nanotechnology, biomedicine, the 
food industry, and pharmaceuticals. Ultrasonic techniques are also employed to improve the 
extraction processes of bioactive compounds from plants, accelerate chemical reactions, and enhance 
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the efficiency of various technological processes. Therefore, there is a growing interest in research on 
the application of ultrasonics in a wide range of applications, contributing to the dynamic 
development of this field of science and technology [1,2].  

All living organisms utilize sound waves for various purposes. However, sounds within a 
specific frequency range and intensity can have harmful effects on human hearing and general well-
being. These issues are particularly relevant when sound waves fall within the human audible range, 
from 20 Hz to 20 kHz. Human ears cannot detect "infrasound" below 20 Hz or "ultrasound" above 20 
kHz. Despite being inaudible, humans can harness these waves for selected applications. Ultrasound 
(US) finds wide-ranging applications across various fields, particularly in medical diagnostics (e.g., 
ultrasonography). Other uses of US include underwater communication, detecting cracks and defects 
in concrete or steel structures, monitoring food quality, etc. Most of these applications rely on the 
mechanical properties of US. For instance, in ultrasonic imaging, high-frequency pulses above 1 MHz 
pass through the human body and are scattered or reflected by tissues. The intensity of scattered 
sound waves can vary depending on tissue nature (healthy or diseased), shape, and distance. 
Scanning devices collect these scattered or reflected sound waves to create images [1–3]. Additionally, 
ultrasound has applications in the chemical and processing industries, primarily due to acoustic 
cavitation. Acoustic cavitation is a process where sound waves interact with air bubbles in a liquid, 
leading to their formation, growth, and collapse. This process finds wide applications in material 
synthesis, food processing, and many other fields [1]. 

Ultrasonic technologies find applications in various fields of medicine, physiotherapy, 
processing industry, agriculture, horticulture, and many others, [1,3–6]. Ultrasonic waves have the 
ability to induce physical and chemical changes in liquid media through the phenomenon of acoustic 
cavitation. Utilizing these effects has brought benefits in various areas, including the synthesis of 
functional materials, emulsification, extraction, and stimulation of seed, bulbs, tubers, and cutting 
growth [1]. For example, in the United Arab Emirates, ultrasonic technique is used for the extraction 
of lycopene from waste such as tomato skins. The combination of ultrasonic-assisted extraction (UAE) 
with the use of volatile, natural deep eutectic solvents (VNADES) enabled the development of an eco-
friendly extraction process [5]. 

Krawiec et al. [4], investigating the influence of various physical factors such as ultrasound, laser 
light, magnetic field, and electric field on plant seeds, found that they can significantly improve seed 
quality and increase yield. The positive effects of seed and reproductive organ stimulation mainly 
concern the initial stages of their life, such as germination, seedling emergence, and growth. In many 
cases, even a several dozen percent increases in yield has been observed. The results of these studies 
encourage the implementation of these methods for improving the quality of propagating material 
into agricultural and horticultural practice, especially in the context of reducing the use of chemicals, 
which aligns with the principles of integrated farming. 

The main limitation in potato yields is the lack of high-quality seed potatoes, especially for small 
and marginal farmers in Southern and Eastern Europe. Factors such as varietal purity, seed tuber 
health, physiological age, pests and diseases, changes in virus vector relationships, and insufficient 
knowledge of seed potato planting techniques significantly impact seed potato quality. Both pre- and 
post-harvest factors, including variety selection, seed potato production conditions, cultivation 
technology, tuber calibration, plant selection, plant protection measures, harvesting, and storage, are 
crucial for seed potato quality. This publication focuses on innovative factors like tuber sonication 
before planting to improve seed potato quality and increase seed yield, providing farmers with the 
highest-quality the seed materials of potato [7,8]. In potato cultivation, the preparation of propagating 
material, including its enhancement, plays a crucial role before planting. Traditional methods of 
preparing seed material include sorting and fractionation of tubers [7], stimulating [8], and treating 
tubers against pathogens [9,10]. Nowadays, chemical and physical treatments can be combined 
[5,6,11]. The aim of enhancing the material is to improve its germination energy and strength and 
reduce variability in the physical, physiological, and morphological traits of cultivated plants [12]. 
Thanks to these rather complex technologies, better growth and development of plants can be 
achieved, which can be observed even in subsequent generations [5,6,13]. The alternative research 
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hypothesis posits that potato cultivation technology utilizing ultrasonic treatment of tubers before 
planting will lead to an increase in the number of stems per plant, overall yield, seed potato yield, 
number of their tubers, individual seed tuber mass, and multiplication coefficient compared to the 
null hypothesis with traditional cultivation technology. 

2. Materials and Methods 

The research was conducted from 2015 to 2017 at the Variety Assessment Experimental Station 
in Uhnin, Lublin Voivodeship, Poland (51°34'N, 23°02'E, elevation 155 m a.s.l.), on loamy soil formed 
from sandy clay NRCS-USDA [14]. 

2.1. Field Research 

A field experiment was conducted using a randomized split-plot design, with three replications. 
The first-order factor were the technologies utilizing ultrasound as a pre-planting treatment. The 
second-order factor was consisted eight edible potato varieties from four earliness groups ('Denar' 
and 'Lord' varieties - very early, 'Owacja' and 'Vineta' - early, 'Satina' and 'Tajfun' - intermediate early, 
and 'Syrena' and 'Zagłoba' - intermediate late). Ultrasound sonication of seed potato tubers was 
performed using a tank ultrasound device equipped with piezoelectric ultrasonic transducers. The 
field experiment was conducted according to the methodology of cultivar economic value assessment 
(WGO) [15], applicable in Stations and Experimental Varieties Assessment Centers belonging to the 
Research Centre for Cultivar Testing. Mineral fertilizers (potassium-phosphorus) were applied to the 
soil before planting, with the amount of mineral fertilization determined based on the soil's nutrient 
content. The planting material used in the experiment was of EU Class A. Potato fertilization was 
used at a constant level (80 kg N, 35 kg P, 100 kg K, and 25 t ⸱ ha–1 manure). Mineral fertilizers were 
mixed with the soil using an aggregate (cultivator + string roller). The tubers were planted by hand 
in the field thus prepared.  

Potato tubers were manually planted annually in the third decade of April, with a spacing of 
67.5 x 37 cm. Plot size for harvesting was 15 m². Plant protection against diseases, pests, and weeds 
was carried out in accordance with the recommendations and principles of Good Agricultural 
Practice [16]. During the potato vegetation period, protection against early and late blight was 
applied, and Colorado potato beetle was controlled when detected, using available preparations. 
Harvesting of tubers was done at the stage of full physiological maturity according to the 99-degree 
BBCH scale [17]. During the growing season, care of plants was carried out in accordance with the 
principles of good agricultural practice, and protection against Colorado potato beetle and potato 
blight was used with the help of available pesticides according to instruction of IOR-PIB. The harvest 
was carried out at the stage of technical maturity of tubers, groups of earliness of cultivars, from 
August 23 to September 25. 

The detailed procedure of fertilization, cultivation, and protection against weeds, diseases, and 
pests of potatoes is presented in Table 1. 

Table 1. The agricultural treatments and equipment used in the experiment (2014-2017). 

Autum 2014 – 2016 

Tillage 

winter plowing to a depth of about 27 cm 

Herbicides for forecrop 

− Lentipur Flo 500 SC - 1 dm3.ha-1 (Autumn 2014) 

− Snajper 600 SC - 1 dm3.ha-1 (Autumn 2014) 

− Glean 75 WG – 0.01 kg.ha-1 ( Autumn 2014) 

− Bizon – 1 dm3.ha-1 (Autumn 2015) 

− Lentipur Flo 500 SC - 1 dm3.ha-1 (Autumn 2016) 
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− Snajper 600 SC - 1 dm3.ha-1 (Autumn 2016) 

− Glean 75 WG – 0.01 kg.ha-1 (Autumn 2016) 

Spring 2015 Spring 2016 Spring 2017 

Tillage and agricultural processes 

harrowing 

fertilization NPK 

cultivation with an aggregate 

Planting of seeds-potato manually 

Earthing 

Mechanical weed control 

Harvest with potato elevator digger 

Fungicides 
− Infinito 867.5 SC - 1.6 dm3.ha-1 

− Ridomil Gold MZ 67,8 - 2 

kg.ha-1 

− Infinito 867.5 SC - 1.6 dm3.ha-1 

− Acrobat MZ 69 WG - 2 kg.ha-1 

− Infinito 867.5 SC - 1.6 dm3.ha-1 

− Acrobat MZ 69 WG - 2 kg.ha-1 

− Acrobat MZ 69 WG - 2 kg.ha-1 

− Infinito 867.5 SC - 1.6 dm.ha-1 
− Acrobat MZ 69 WG - 2 kg.ha-1 

− Infinito 867.5 SC - 1.6 dm.ha-1 

Insecticides 

− Apacz 50 WG - 0.04 kg.ha-1 

− Proteus OD 110 - 0.4 dm3.ha-1 

− Actara 25 WG - 0.08 kg.ha-1 

− Nuprid 200 SC - 0.15 dm3.ha-1 

− Apacz 50 WG - 0.04 kg.ha-1 

− Actara 25 WG - 0.08 kg.ha-1 

− Apacz 50 WG - 0.04 kg.ha-1 

− Proteus OD 110 - 0.4 dm3.ha-1 

Source: own research. 

During the potato growth period, the number of stems per plant was counted for all potato 
plants growing in the plots. 

At the harvest, the total yield was determined, and samples were taken from beneath 10 potato 
plants to determine the yield structure according to fractions in accordance with PN-75/R-74450; Root 
Crops. Edible potatoes [18]. Based on this, the proportion of seed potato mass in the yield, their 
number, and the average seed potato mass were calculated. For the yield of seed potatoes, the yield 
of tubers with a diameter of 35-60 mm was considered, excluding tubers damaged by pests or 
mechanically damaged to a severe degree. The multiplication coefficient was calculated based on the 
number of tubers in the size fractions of 36-50 mm and 51-60 mm, divided by the number of seed 
potatoes intended for 1 hectare, which is 40,000 pieces [18]. This coefficient essentially represents the 
ratio of the number of tubers produced within these size ranges to the number of seed potatoes 
planted per hectare. It indicates the potential multiplication or increase in the number of tubers 
during the growth cycle, providing insight into the efficiency of potato production and the yield 
obtained from the initial seed stock. Mathematically, it is expressed as: 

Multiplication Coefficient =      ;          (  .) . (1) 

2.2. Cultivation Technologies 

In the field experiment, two cultivation technologies were employed: 

− Ultrasonic technology, where potato tubers were subjected to a sonication treatment before 
planting, involving the application of ultrasonic waves in a water environment at a temperature 
of 18°C. Based on preliminary pilot studies, a sonication time of 10 minutes was adopted. 
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− Traditional technology, serving as the control group, involved soaking the tubers in distilled 
water to eliminate the influence of water on the physiology of potato tubers. The tubers were 
soaked in distilled water at a temperature of 18°C for 10 minutes. 

2.2.1. Construction and Operation of an Ultrasonic Device 

The tuber seed material underwent immersion sonication using a bath-type ultrasonic device. 
The equipment for ultrasonic treatment of biological materials consisted of an electronic uzm-type 
ultrasonic generator 25 combined with a head installed at the bottom of the tank (Polsonic, Warsaw). 
Its acoustic power was 200 W at a frequency of 50 kHz. To minimize noise emissions into the 
environment, the tank lid was closed during sonication. Sonication was conducted in an aqueous 
medium at a temperature of 18°C for 10 minutes. Prior to ultrasound treatment, the sample, after 
being purified, was placed directly on the bottom of a container filled with an appropriate amount of 
water. The operation of the sonication device followed the instructions and the CE declaration of 
conformity. Ultrasonic waves were generated by a piezoceramic transducer and propagated through 
the water contained in the ultrasonic bath device. Under the influence of ultrasonic waves, variable 
low-pressure waves with a frequency of 40,000 times per second were produced. During low 
pressure, millions of vacuum bubbles formed, a phenomenon known as cavitation. Upon reaching 
high pressure, the bubbles collapsed inward (imploded), releasing significant energy, which then 
dispersed in all directions and acted on all surfaces [19]. 

2.1. Characteristic of Potato Varieties 

The characteristics of the examined varieties are presented in Table 2. 

Table 2. Characteristics of the tested potato varieties. 

Varieties Peel color Flesh color Culinary 
type 

Taste on a 
scale of 9° 

Starch 
content (%) 

Very early varieties 
‘Denar’ yellow light yellow AB 7.0 12.3 
‘Lord’ yellow light yellow AB 7.0 12.4 

Early varieties 
‘Owacja’ yellow light yellow B-BC 7.0 13.5 
‘Vineta’ yellow yellow AB 7.0 13.7 

Moderately variety 
‘Satina’ yellow yellow B 7.5 12.8 
‘Tajfun’ yellow yellow B-BC 7.0 16.5 

Moderately late 
‘Syrena’ yellow yellow B 7.0 15.4 

‘Zagłoba’ yellow yellow B 7.0 12.6 
Source: own study based on [20]. 

Varietal differences were observed in their length of vegetation period, skin color, flesh color, 
culinary type, taste, and starch content. The tested varieties belonged to four maturity groups, with 
culinary types ranging from AB to BC. They were characterized by good taste, with most varieties 
receiving a taste score of 7° on a 9° scale, along with moderate starch content. Only the 'Tajfun' variety 
stood out for its higher starch content (Table 2). 

2.3. Meteorological Conditions 

Weather conditions during the study years are illustrated in Table 3. 
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Table 3. Rainfalls, air temperature and the hydrothermal coefficient of Sielianinov, during the 
growing season of potato (2015-2017). 

Year Month 
Month 

Rainfall [mm] 

% of the 
long-term 
average* 

Mean 
Air 

temperature 
[°C] 

Deviation 
from the 

long-term 
norm [C°]** 

Hydrothermal  
coefficient of 
Sielianinov*** 

2015 

April 61.8 171.7 8.8 0.9 2.3 
May 120.3 200.5 12.8 - 0.9 3.0 
Juni 46.7 66.7 16.7 - 0.1 0.9 
July 45.2 60.3 19.4 0.6 0.8 

August 6.1 8.7 21.4 3.7 0.1 
September 130.2 260.4 15.5 2.8 2.8 

Total 410.3     

2016 

April 47.1 127.3 10.0 2.0 1.6 
May 46.3 78.5 15.3 1.5 1.0 
Juni 87.3 124.7 19.1 2.3 1.5 
July 114.1 152.1 20.5 1.6 1.8 

August 41.0 60.3 19.5 1.7 0.7 
September 11.8 23.1 15.5 2.6 0.3 

Total 347.6     

2017 

April 51.8 140.0 8.1 0.1 2.1 
May 65.5 107.4 13.7 - 0.1 1.5 
Juni 23.1 33.0 18.3 1.5 0.4 
July 132.0 176.0 19.4 0.5 2.2 

August 27.0 39.7 20.3 2.5 0.4 
September 83.3 163.3 14.8 1.9 1.9 

Total 382.7     
Source: The Agrometeorological Station in Uhnin, Poland. * The long-term norm calculated for the 
period 1971-2016 for the meteorological station in Uhnin;**The hydrothermal coefficient was 
calculated according to the formula: k = 10P ∑ t [21], where P represents the total monthly 
precipitation in mm, and Σt is the monthly cumulative air temperature > 0°C. The index values were 
categorized as follows: extremely dry (k ≤ 0.4), very dry (0.4 < k ≤ 0.7), dry (0.7 < k ≤ 1.0), rather dry 
(1.0 < k ≤ 1.3), optimal (1.3 < k ≤ 1.6), rather humid (1.6 < k ≤ 2.0), wet (2.0 < k ≤ 2.5), very humid (2.5 ≤ 
k ≤ 3.0), and extremely humid (k > 3.0). 

The Table 3 presents data on rainfall, air temperature, and the hydrothermal coefficient of 
Sielianinov during the growing season of potatoes from 2015 to 2017. Meteorological conditions 
during the study years were diverse. During the potato growing period (April-September), the 
Sielianinov hydrothermal coefficient was calculated, which measures the efficiency of precipitation 
and the formation of air temperatures in a given month. Here's a summary of the findings: 

2015: In April, the rainfall was 61.8 mm, which is 171.7% of the long-term average, with a mean 
air temperature of 8.8°C and a deviation of 0.9°C below the long-term norm. May experienced high 
rainfall (120.3 mm) at 200.5% of the long-term average, with a cooler temperature. June had lower 
rainfall (46.7 mm), only 66.7% of the long-term average, and a slightly cooler temperature. July and 
August had significantly reduced rainfall but warmer temperatures. September had high rainfall 
(130.2 mm), 260.4% of the long-term average, with a moderate temperature. 

2016: The rainfall varied throughout the months, with June being particularly dry (87.3 mm) at 
124.7% of the long-term average, while July had significantly higher rainfall (114.1 mm) at 152.1%. 
August and September saw decreased rainfall compared to the previous months. 

2017: April and May had moderate rainfall and temperatures. June had minimal rainfall (23.1 
mm), with a warmer temperature and a low hydrothermal coefficient. July had the highest rainfall 
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(132.0 mm) and a slightly warmer temperature. August had lower rainfall but a warmer temperature 
compared to July. September had moderate rainfall and temperatures. 

The highest rainfall sum during the three-year study was recorded in 2015, but their distribution 
did not favor tuber yield accumulation. Conversely, 2016 had the lowest rainfall sum, but rainfall 
distribution favored tuber yield accumulation. 2017 showed variable meteorological conditions, with 
optimal water supply followed by very low water availability. Overall, the data demonstrate 
variations in rainfall and temperature across the growing seasons, highlighting the importance of 
understanding meteorological conditions for agricultural planning and management. 

2.4. Soil Conditions 

The research was conducted on Luvisols WRB [22], which are classified as one of the major soil 
groups according to the World Reference Base for Soil Resources [22] classification system. Luvisols 
are characterized by a clay-enriched horizon that undergoes significant seasonal shrinking and 
swelling due to changes in moisture content. These soils typically have a well-developed structure 
and are found in regions with temperate to subarctic climates. In the context of the experiment, the 
use of Luvisols as the soil type provides a suitable substrate for potato cultivation, offering adequate 
support for plant growth and development throughout the growing season. Additionally, the 
characteristics of Luvisols, such as their clay-rich nature and moderate pH, contribute to maintaining 
nutrient availability and promoting favorable conditions for plant establishment and yield. The 
characteristics of selected physicochemical soil features are presented in Table 4. 

Table 4. Soil characteristics before establishing the experiment. 

Year of Research 
Content of macronutrients  

[g. kg-1 of soil] Humus content  
[g.kg−1] 

pH 
 [KCL] 

P K Mg 
2015 89 109 78 0.94 5.9 
2016 83 91 70 1.06 5.8 
2017 106 98 63 1.03 6.6 

Mean 93 99 70 1.02 - 
Source: Analysis in District Chemical and Agricultural Station in Lublin. 

The soil on which the three-year study was conducted was characterized by high or very high 
levels of phosphorus and magnesium, while potassium ranged from low to medium levels. 
According to NRCS-USDA [14] standards, this soil was classified as sandy clay loam, with low 
organic matter content and slightly acidic pH (Table 4). Overall, the levels of macronutrients and soil 
humus content were relatively constant over the three years, with minor differences in soil pH. It was 
a soil with a balanced level of macroelements, suitable for the growth of potato plants. 

2.5. Statistical Calculations 

The obtained research results were subjected to statistical analysis based on a three-factor 
analysis of variance (ANOVA) model SAS 9.2, 2008 [23]. After conducting the analysis of variance 
(ANOVA) to compare means across different groups, the significance of differences between these 
means was assessed using the Newman-Keuls test as a post hoc test. This test allows for comparing 
all possible pairs of means and is known for its greater tendency to identify significant differences 
between groups, even when these differences are small, compared to the Tukey test. Additionally, a 
statistical analysis was conducted using descriptive statistics to better understand the characteristics 
of the data. Pearson's correlation coefficients were calculated to examine linear relationships between 
variables. Pearson's correlation coefficient measures the strength and direction of a linear relationship 
between two quantitative variables. It is a commonly used method for investigating relationships 
between variables in data [24]. 
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3. Results 

3.1. Number of Stems per Plant 

The number of stems per potato plant can influence several aspects of its growth and 
productivity (Table 5), including: 

− Number of seed potatoes: Increasing the number of stems can lead to a higher production of 
seed potatoes because each stem has the potential to generate more seed potatoes. 

− Seed potato weight: When a plant produces more stems, it can lead to an increase in the total 
weight of seed potatoes because a greater number of stems may result in a higher total mass of 
produced tubers. 

− Potato multiplication rate, which is considered as the ratio of the total mass of harvested potato 
tubers to the mass of seed potatoes used for cultivation. Increasing the number of stems can 
potentially affect this rate because a higher number of stems may indicate a higher total mass of 
harvested tubers, which may lead to a decrease in the multiplication rate if the mass of the 
harvested potato crop does not increase proportionally to the mass of seed potatoes. 

Table 5. Number of stems per plant depending on technologies, variety and years (2015-2017). 

Cultivars 
Technologies Years 

Mean 
Traditional Ultrasound 2015 2016 2017 

‘Denar’ 
‘Lord’ 

‘Owacja’ 
‘Vineta’ 
‘Satina’ 
‘Tajfun’ 
‘Syrena’ 

‘Zagłoba’ 

4.75 a 
3.76 a 
3.95 a 
4.30 a  
4.70 a  
3.98 a 
4.62 a 
3.50 a 

4.80 a 
4.20 a 
4.16 a 
4.57 a 
4.90 a 
4.06 a 
4.38 a 
3.37 a 

3.56 a 
3.54 a 
3.68 a 
3.48 a 
4.08 a 

3.20 ab 
4.06 a 
2.89 b 

5.83 a 
4.82 ab 
4.00 b 
5.06 a  
5.33 a 

4.72 ab 
4.77 ab 
4.21 b 

4.94 a 
3.60 b 
4.49 a 
4.76 a 
4.99 a 
4.13 a 
 4.67 a 
3.21 b 

4.78 a 
3.98 c 

4.06 bc 
4.44 ab 
4.80 a 
4.02 bc 
4.50 ab 
3.44 d 

Mean 4.19 b 4.31 a 3.56 c 4.84 a 4.35 b 4.25 
* The letter indicators accompanying the means (significance groups) determine the so-called 
homogeneous (statistically uniform) groups. The occurrence of the same letter indicator among the 
means (of at least one) indicates no statistically significant difference between them. Subsequent letter 
indicators, such as a, b, c. etc., designate mean groups in decreasing order. 

The influence of stem count on this parameter varied depending on cultivation conditions, 
potato varieties, and other environmental and agronomic factors (Table 5). 

The results show that stem count per plant depends on cultivation technology, potato variety, 
and years. The use of ultrasound before planting as a technology significantly increased the stem 
count per plant compared to the traditional technology (Table 5). In most varieties, the stem count 
per plant was slightly higher when ultrasound was used, although this was not statistically 
confirmed. This suggests a certain positive effect of this technology on plant growth. Significant 
differences were also observed in the stem count per plant among the tested potato varieties. Varieties 
such as 'Satina' and 'Denar' produced the highest number of stems per plant. In the next 
homogeneous group of varieties were: 'Vineta', 'Syrena', followed by 'Owacja' and 'Tajfun', with the 
lowest number of stems being observed in the 'Zagłoba' variety, which showed a tendency to have a 
higher stem count per plant compared to other varieties in the study sample (Table 5). 

Changes in stem count per plant were observed in subsequent years. In 2016, a year favorable in 
terms of thermal and precipitation conditions, the highest number of stems per plant was obtained, 
while in other years it was lower, and in the dry year 2015, it was the lowest. This could be the result 
of different weather conditions and other environmental factors affecting plant growth in the study 
years (Table 5). 

The response of the tested varieties to climatic and soil conditions was also varied. In the dry 
year of 2015, the highest number of stems was produced by the 'Vineta' variety, but homogeneous in 
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terms of this feature were also the varieties: 'Satina', 'Vineta', 'Owacja', 'Lord', 'Denar'. 'Lord' and 
'Syrena', the lowest number of stems in the same year was produced by the 'Zagłoba' and 'Tajfun' 
varieties. In 2016, the highest number of stems per plant was distinguished by the varieties: 'Denar', 
'Satina', and Vineta. The next homogeneous group consisted of varieties: 'Lord', 'Syrena', and 'Tajfun', 
and the last group consisted of varieties: 'Zagłoba' and 'Owacja'. In 2017, the group of varieties with 
the lowest stem count per plant included the 'Lord' and 'Zagłoba' varieties, while the remaining 
varieties were in one homogeneous group with a greater potential for stem formation (Table 5). 

The research also indicates that a significant response of potato plants to cultivation technology 
using ultrasound was noted in 2017, under unfavorable thermal and precipitation conditions (Figure 
1). 

 
Figure 1. The impact of cultivation technology and cultivation years on the number of stems (pieces 
per plant). 

These conclusions can help potato producers better understand the impact of various factors on 
plant growth and development, which can be useful in planning crops and selecting appropriate 
varieties and technologies. Generally speaking, a greater number of stems can contribute to increased 
productivity, provided proper cultivation management and availability of adequate resources for the 
plants. 

3.2. Total Yield of Tubers 

The results of the total yield are presented in Figure 2. Figure 2(a) depicts the effect of cultivation 
technology on the total yield of potato tubers expressed in tons per hectare (t.ha-1). This allows 
understanding how the use of cultivation technology with ultrasonic treatment on tubers before 
planting affects tuber yield compared to traditional technology without this procedure. Statistical 
analysis based on three-way analysis of variance (ANOVA) models proved that potato varieties 
treated with ultrasound before planting tubers had significantly higher yields than those that were 
not subjected to the sonication process.  

Figure 2(b) illustrates the impact of years on the total yield of potato tubers. The highest total 
tuber yield was significantly highest in 2016, while the lowest was in 2015, during an extremely dry 
period for tuber formation and yield accumulation. This is significant because weather conditions 
can significantly influence yield performance in different years. 
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(a) (b) 

 
(c) 

 
(d) 

Figure 2. The influence of experimental factors on the total yield of tubers in t.ha-1: a) cultivation 
technology; b) years; c) varieties; d) interaction of technologies x varieties. 

Figure 2(c) shows the influence of different potato varieties on the total tuber yield. It 
demonstrates which varieties are more efficient in tuber production compared to others. The variety 
that accumulated the highest overall yield of tubers was 'Zagłoba', while the lowest yielding variety 
was 'Owacja'. The remaining varieties formed three homogeneous groups. 

Figure 2(d) presents the interaction between cultivation technologies and the tested potato 
varieties and their impact on the total tuber yield. It is important to understand which combinations 
of technologies and varieties are most effective in tuber production. This figure, in the case of the 
majority of tested varieties, confirms that the use of tubers sonication before planting, combined with 
the properties of the tested varieties, significantly contributed to achieving a higher overall tuber 
yield compared to the traditional technology. 

In summary, these results allow understanding how various factors such as cultivation 
technology, years, varieties, and their interactions influence the total yield of potato tubers. 
Analyzing this data can aid in making decisions regarding the optimization of potato cultivation 
processes to achieve the best yield results. 

3.3. Yield of Seed Potatoes 

The average yield of potato seedlings in the experiment was high, reaching 37.95 t ha-1 (Table 6). 
The use of ultrasound as a pre-planting treatment contributed to a significant increase in the yield of 
potato seedlings per unit area by approximately 7%, compared to cultivation without this treatment. 
Genetic factors significantly differentiated the tested varieties. The most productive variety was 
'Syrena', but within the same homogeneous group, varieties such as 'Denar', 'Satina', and 'Zagłoba' 
also stood out. In the second homogeneous group, varieties like 'Lord' and 'Tajfun' were found, and 
in the least productive group, there were varieties like 'Vineta' and 'Owacja' (Table 6). 
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Table 6. The effect of technologies, potato varieties, and years on seed potato yield (t ha-1). 

Cultivars 
Technologies Years 

Mean 
Traditional Ultrasound 2015 2016 2017 

‘Denar’ 
‘Lord’ 

‘Owacja’ 
‘Vineta’ 
‘Satina’ 
‘Tajfun’ 
‘Syrena’ 

‘Zagłoba’ 

40.25 a* 
34.93 a 
34.22 a 
33.75 a 
37.01 a 
36.90 a 
39.60 a 
37.04 a 

40.19 a 
39.80 a 
36.00 a 
35.76 a 
42.77 a 
37.87 a 
42.24 a 
38.96 a 

27.06 a 
28.06 a 
30.09 a 
26.01 a 
35.33 a 
27.20 a 
34.80 a 
31.78 a 

48.76 a 
44.98 a 
41.31 a 
41.20 a 
42.78 a 
47.51 a 
46.56 a 
46.21 a 

44.84 a 
39.07 a 
33.93 b 

37.04 ab 
41.56 a 

37.44 ab 
41.40 a 

36.00 ab 

40.22 a 
37.37 ab  
35.11 b 
34.75 b 
39.89 a 

37.39 ab 
40.90 a 
38.00 a 

Mean 36.71 b 39.20 a 30.04 c 44.91 a 38.91 b 37.95 
* The existence of identical letter indices in the means (at a minimum) indicates a lack of statistically 
significant differences among them. The subsequent letter indices (a, b, c) delineate the groups in 
descending order. 

Variable meteorological conditions during the study years had the greatest impact on the yield 
of potato seedlings. The average yields in 2015 were significantly lower than in other years, 
suggesting that atmospheric and soil conditions in that year were unfavorable for potato yield. The 
highest yield of this fraction of tubers was obtained in 2016, with the most favorable weather 
conditions for potatoes, while the yield of potato seedlings in 2017 was significantly higher than in 
the dry 2015, but significantly lower than in 2016, with optimal water supply during the potato 
growing period. The tested potato varieties showed a varied response to soil and climatic conditions 
during the study years. It was in 2017, with unusual weather patterns, that the tested varieties showed 
significantly different yields. In the group of varieties with the highest yields of potato seedlings were 
'Denar', 'Lord', 'Satina', and 'Syrena'. In the next group, with homogeneous yields, were varieties like 
'Vineta', 'Tajfun', and 'Zagłoba', while the variety with the lowest yield of potato seedlings was 
'Owacja'. The tested potato varieties responded similarly to cultivation technologies. There was also 
no interaction observed between cultivation technologies and the study years (Table 6). 

3.4. The Share of Seed Potato in the Total Yield 

The average proportion of seedlings in the total yield of tubers was 90.9% (Table 7). The applied 
technologies did not have a significant impact on the value of this characteristic. The greatest 
influence on the percentage share of seedlings in the main yield was exerted by the effects of the years 
of study and the characteristics of the tested varieties. The 'Tajfun' variety exhibited the highest 
proportion of seedlings in the main yield, while the lowest was observed in the 'Zagłoba' variety. The 
remaining varieties were grouped into two homogeneous groups: 'Denar', 'Satina', 'Syrena'; 'Lord', 
'Owacja', and 'Vineta'. 

Table 7. The influence of technologies, potato varieties and years on the percentage share of seed 
potatoes in the total yield. 

Cultivars 
Technologies Years 

Mean 
Traditional Ultrasound 2015 2016 2017 

‘Denar’ 
‘Lord’ 

‘Owacja’ 
‘Vineta’ 
‘Satina’ 
‘Tajfun’ 
‘Syrena’ 

‘Zagłoba’ 

93.0 a 
89.4 a 
92.4 a 
90.5 a 
91.2 a 
94.5 a 
91.9 a 
81.3 b 

92.8 a 
92.5 a 
90.5 a 
89.4 b 
94.2 a 
95.2 a 
92.8 a 
83.2 b 

94.3 a 
94.7 a 
95.2 a 
94.7 a 
96.0 a 
94.6 a 
95.1 a 
93.4 a 

89.9 a 
89.7 a 
87.8 a 
86.0 b 
89.0 a 
94.5 a 
89.8 a 
77.0 b 

94.6 a 
88.4 b 
91.4 a 
89.1 a 
92.1 a 
95.6 a 
92.1 a 
76.3 b 

92.9 ab 
90.9 b 
91.5 b 
89.9 b 
92.7 ab 
94.9 a 

92.3 ab 
82.2 c 
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Mean 90.5 a 91.3 a 94.7 a 88.0 c 90.1 b 90.9 
* The existence of identical letter indices in the means (at a minimum) indicates a lack of statistically 
significant differences among them. The subsequent letter indices (a, b, c) delineate the groups in 
descending order. 

The highest proportion of seedlings in the main yield was recorded in 2015, while the lowest 
was in 2016 (Table 7). In that year, the interaction of meteorological conditions with the characteristics 
of the tested varieties was observed. These varieties were divided into two homogeneous groups. 
The varieties with a higher proportion of seedlings included: 'Denar', 'Lord', 'Owacja', 'Satina', 
'Tajfun', and 'Syrena', while those with a lower proportion of tubers in this fraction included the 
varieties: 'Vineta' and 'Zagłoba'. The interaction of the characteristics of the tested varieties with the 
meteorological conditions during the potato growing period was observed. In the second year of the 
study (2016), the variety 'Tajfun' had the highest yield, but homogeneous in terms of this 
characteristic were the varieties: 'Denar', 'Lord', 'Owacja', 'Satina', and 'Syrena'. The variety with the 
smallest proportion of seedlings was 'Zagłoba', but 'Vineta' turned out to be homogeneous in terms 
of this characteristic. In 2017, the varieties 'Lord' and 'Syrena' had the lowest proportion of tubers in 
the seedling fraction, and they were grouped into one homogeneous group. The variety with the 
highest participation of seedlings in the yield was 'Tajfun', while the remaining varieties belonged to 
the same homogeneous group (Table 7). 

3.4. Number of Seed Potatoes 

The number of seed potato determines mainly the quantity of plants that will be planted on a 
given cultivation area. The greater the number of seed potato, the more plants will be grown, which 
can affect the final yield. In agricultural practice, the decision regarding the number of seed potato is 
crucial for optimal utilization of the available area and achieving the desired yield (Table 8). 

Table 8. The influence of technologies, potato varieties, and years on the number of seed potatoes 
(thousand pieces ha-1). 

Varieties 
Technologies Years 

Mean Traditional Ultrasound 2015 2016 2017 
‘Denar’ 
‘Lord’ 

‘Owacja’ 
‘Vineta’ 
‘Satina’ 
‘Tajfun’ 
‘Syrena’ 

‘Zagłoba’ 

324.1 a  
280.0 a 
291.6 a 
296.9 a 
315.3 a 
302.1 a 
296.4 a 
295.0 a 

336.3 a 
318.7 ab 
314.1 ab 
297.6 b 
384.9 a 
333.3 a 

316.9 ab 
311.1 ab 

266.9 a 
261.8 a 
300.3 a 
267.8 a 
321.8 a 
269.1 a 
293.3 a 
287.8 a 

332.7 a 
314.7 a 
302.4 a 
295.3 a 
323.3 a 
331.1 a 
290.9 a 
337.6 a 

391.1 a 
321.6 ab 
305.8 b 

328.7abc 
405.1 a 
352.9 a 

335.8abc  283.8 b 

330.2 a 
299.3 b  
302.9 b 
297.3 b 
350.1 a 

317.7 ab 
306.7 b 
303.0 b 

Mean 300.2 b 326.6 a 283.6 c 316.0 b 340.6 a 313.4 
* The existence of identical letter indices in the means (at a minimum) indicates a lack of statistically 
significant differences among them. The subsequent letter indices (a, b, c) delineate the groups in 
descending order. 

The analysis of the results in Table 8 shows that both technology and potato varieties, as well as 
the years of cultivation, have an influence on the number of potato tubers (in thousand pcs per 
hectare). 

The use of ultrasound technology before planting had a significant impact on the number of seed 
potato compared to the traditional technology without this procedure, resulting in an increase in the 
number of seed potato by 8.9%, or ap-proximately 27 thousand pcs, allowing for the additional 
planting of nearly 1 hectare of plantation area (Table 8). Significant differences in the number of seed 
potato were also observed between different potato varieties. The 'Satina' and 'Denar' varieties 
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showed the greatest tendency to produce seed potato of calibrated tubers compared to other varieties 
in the tested sample. 

Changes in the number of seedlings per hectare were also observed in the years of study. The 
highest number of seed potato was obtained in 2017, characterized by variable thermal-humidity 
conditions, while the lowest was in the dry year of 2015. This could be the result of atmospheric 
conditions as well as other environmental factors affecting seedling production (Table 8). 

The interaction of varieties with cultivation technologies was also demonstrated. In most cases, 
the use of ultrasound led to an increase in the number of seed potato per hectare, suggesting a positive 
impact of this technology on seed potato production. The varieties 'Satina', 'Tajfun', and 'Denar' 
showed the strongest reaction to the pre-planting ultrasound treatment on potato tubers, while the 
'Lord', 'Owacja', 'Syrena', and 'Zagłoba' varieties were in the next homogeneous group, and the 
'Vineta' variety showed the weakest reaction (Table 8). 

The response of potato plants to cultivation technologies was also related to the vegetative 
conditions (Figure 3). 

 
Figure 3. The influence of technologies and years on the number of seed potatoes. 

A significant increase in the number of seed potatoes under the influence of sonication of tubers 
before planting was observed in 2017 during an atypical weather pattern. In the remaining years of 
the study, only a trend of increasing the number of seed potatoes under the influence of this technique 
compared to the control technology was observed (Figure 3). The choice of appropriate cultivation 
technology and potato variety can have a significant impact on the quantity of seed potatoes, which 
in turn can affect the potential potato yield. Potato producers are advised to consider these factors 
when making decisions about cultivation to optimize production and achieve desired yield 
outcomes. 

3.5. The Average Mass of a Seed Potato 

The average mass of seed potatoes can have a significant impact on their yield and the potato 
multiplication rate. A higher average mass of seed potatoes typically leads to a greater number of 
tubers produced from a single seed potato. This means that plants will have the potential to produce 
a greater quantity of tubers, which in turn can contribute to an increase in the overall potato yield per 
hectare. 

The analysis of the results in Table 9 reveals significant differences in the mass of individual seed 
potato depending on the factors examined. The use of ultrasound before planting did not have a 
significant effect on this characteristic, but some varieties such as 'Lord' and 'Vineta' showed a 
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tendency to increase the mass of individual seed potato under the influence of this technology. 
However, the genetic traits of the tested potato varieties significantly differentiated the value of this 
characteristic. The 'Syrena' variety exhibited a significantly higher average mass of seedlings 
compared to other varieties. The remaining varieties can be classified into two homogeneous groups: 
a) 'Denar', 'Lord', 'Zagłoba'; b) 'Owacja', 'Vineta', 'Satina', and 'Tajfun' (Table 9). 

Table 9. The influence of technologies, potato varieties, and years on seed tuber weight (g). 

Varieties 
Technologies Years 

Mean Traditional Ultrasound 2015 2016 2017 
‘Denar’ 
‘Lord’ 

‘Owacja’ 
‘Vineta’ 
‘Satina’ 
‘Tajfun’ 
‘Syrena’ 

‘Zagłoba’ 

122 ab 
123 a 

117 ab 
113 b 
118 ab 
121 ab 
136 a 
126 a 

119 a 
125 a 
114 b 
119 a 
112 b  
113 b  
134 a  
124 a  

101 a 
107 a 
100 a 
96 a 

109 a 
101 a 
118 a 
110 a 

147 a 
144 a 

136 ab 
139 ab 
133 b 
144 a 
163 a 

138 ab 

115 a 
122 a 
111 a 
112 a 
103 a 
106 a 
124 a 
128 a 

121 b 
124 b 
116 bc 
116 bc 
115 bc 
117 bc 
135 a 
125 b 

Mean 122 a 120 a 105 c 143 a 115 b 121 
* The existence of identical letter indices in the means (at a minimum) indicates a lack of statistically 
significant differences among them. The subsequent letter indices (a, b, c) delineate the groups in 
descending order. 

Soil and climatic conditions also had a significant impact on the value of this characteristic. In 
2016, the average mass of seedlings was significantly higher than in 2015 and 2017. This may be due 
to different environmental and weather conditions in each year. 

The average mass of individual seed potato also depended on the interaction of cultivation 
technologies with the years of research. A significantly favorable effect of this technology was 
observed in 2017, which, in its atypical course of weather during the vegetation period, allowed for 
the potato's defensive reaction and the production of larger individual tubers to withstand drought 
and ensure the possibility of potato reproduction in the next cycle (Figure 4). 

Therefore, the use of ultrasound technology may potentially increase the mass of seed potatoes, 
which can be beneficial for achieving higher potato yields. The choice of suitable potato varieties also 
significantly influences the mass of seed potatoes. Potato producers are advised to consider these 
factors when making decisions regarding cultivation in order to achieve optimal results in potato 
seed production. 

 
Figure 4. The influence of cultivation technology and years on the weight of a single seed potato. 
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3.6. Multiplication Coefficient 

The potato multiplication coefficient is expressed as the ratio of the total mass of potato yield to 
the mass of seed potatoes, and it can be used to assess the efficiency of potato tuber production. The 
research results are presented in Table 10. 

Table 10. The influence of technologies, varieties, and years on the multiplication coefficient of potato 
seed tubers. 

Varieties 
Technologies Years 

Mean Traditional Ultrasound 2015 2016 2017 
‘Denar’ 
‘Lord’ 

‘Owacja’ 
‘Vineta’ 
‘Satina’ 
‘Tajfun’ 
‘Syrena’ 

‘Zagłoba’ 

8.1 a 
7.0 b 
7.3 a 
7.4 a 
7.9 a 
7.6 a 
7.4 a 
7.4 a 

8.4 ab  
7.9 b  
7.8 b  
7.4 c  
9.6 a  

8.3 ab  
7.9 b  
7.8 b  

6.7 a 
6.5 a 
7.5 a 
6.7 a  
8.0 a 
6.7 a 
7.3 a  
7.2 a 

8.3 a 
7.9 a 
7.6 a 
7.4 a 
8.1 a 
8.3 a  
7.3 a  
8.4 a 

9.8 a 
8.0 a 
7.6 b 
8.2 a 

10.1 a 
8.8 a 
8.4 a 
7.0 b 

8.3 ab 
7.5 b  
7.6 b 
7.4 b 
8.8 a 

7.9 ba 
7.7 b 
7.6 b 

Mean 7.5 b 8.2 a 7.1 c 7.9 b 8.5 a 7.8 
* The existence of identical letter indices in the means (at a minimum) indicates a lack of statistically 
significant differences among them. The subsequent letter indices (a, b, c) delineate the groups in 
descending order. 

The average value of the multiplication coefficient in the experiment was 7.8. The application of 
tuber sonification before planting contributed to a significant increase in this coefficient compared to 
traditional technology without ultrasonic treatment, from 7.5 to 8.2. The genetic properties of the 
examined varieties significantly influenced the magnitude of this parameter. The variety 'Satina' 
stood out with the highest value of this coefficient. The other varieties could be grouped into two 
homogeneous groups, with 'Denar' and 'Tajfun' belonging to the first group, and 'Syrena', 'Owacja', 
'Zagłoba', 'Lord', and 'Vineta' to the second group (Table 10). 

Climatic and environmental conditions also significantly shaped this parameter of potato seed 
value. The highest value of this parameter was obtained in 2017, characterized by unusual weather 
conditions during the growing season, with excess rainfall in April and May and a shortage of rainfall 
during the most intensive period of tuber growth. The lowest value of the multiplication coefficient 
was obtained in 2015 during a dry and very dry period from June to September. 

The response of the examined varieties to technologies using ultrasonic treatment on tubers 
before planting varied. The variety 'Satina' showed the greatest response to this technology, while 
the variety 'Vineta' showed no reaction to the applied ultrasonic treatment on tubers before planting. 
The remaining varieties were grouped into two homogeneous groups (Table 10). 

Variable meteorological and soil conditions in the years of study differently influenced the 
reproductive capabilities of the examined varieties. Only in 2017 was a significant increase in the 
multiplication coefficient observed under the influence of technology using ultrasonic treatment. In 
the remaining years, a positive trend towards increasing the value of this coefficient in technology 
using ultrasonic treatment was observed (Figure 5). 
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Figure 5. The influence of cultivation technology and years on the potato reproduction coefficient. 

The potato multiplication coefficient is the ratio of the total mass of potato tuber yield to the 
mass of seed potatoes used for their cultivation. If the average mass of the seed potato is higher, it 
means that each seed potato can produce a greater number of tubers during harvesting. As a result, 
the potato multiplication coefficient may be lower because despite a greater number of tubers, the 
total yield mass may not be significantly higher compared to the mass of seed potatoes used for 
cultivation. Therefore, although a higher average mass of the seed potato may lead to a greater 
number of tubers and potentially increase the total potato yield, it may also affect reducing the 
multiplication coefficient. Hence, it is important to find a balance between yield and the 
multiplication coefficient to achieve optimal results in potato cultivation. 

3.7. Descriptive Statistics of Potato Traits 

The analysis of descriptive statistics provides important information regarding the parameters 
of potato yield and quality, including the mean, standard deviation, median, kurtosis, skewness, 
minimum, maximum, ranges and coefficient of variation for each examined potato characteristic 
(Table 11). 

The average number of stems (y) per potato plant was 4.25. The median value was close to the 
mean, suggesting a symmetric distribution of data around the mean. The range of results for this 
parameter was 5.64, indicating that data ranged from 1.03 to 6.67 stems per plant. Kurtosis and 
skewness are measures characterizing the shape of data distributions. Kurtosis measures how thick 
the tails of the distribution are and how far data points are from the expected value. For the number 
of stems (y), the kurtosis was 0.54, indicating a leptokurtic distribution with thicker tails than a 
normal distribution. 

Table 11. Descriptive statistics of the dependent variable (y) and independent variables (x). 

Specification y x1 x2 x3 x4 x5 x6 
Mean 4.25 42.09 37.95 90.92 313.39 121.03 7.83 

Standard error 0.07 0.86 0.71 0.50 4.41 1.67 0.11 
Median 4.26 43.20 39.60 92.45 310.00 118.00 7.75 

Standard deviation 0.87 10.32 8.46 5.97 52.86 19.99 1.32 
Kurtosis 0.54 -0.60 -0.74 1.91 0.46 1.43 0.46 

Skewness -0.16 -0.18 -0.34 -1.41 0.44 0.84 0.44 
Range 5.64 52.07 37.13 29.32 296.00 129.00 7.40 

Minimum 1.03 18.87 17.93 68.86 194.67 78.00 4.87 
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Maximum 6.67 70.93 55.07 98.18 490.67 207.00 12.27 
Coefficient of variation (%) 20.40 24.53 22.30 6.56 16.87 16.52 16.87 

y – number of stems (pcs/plant); x1 – total yield (t.ha-1), x2 – seed potato yield (t.ha-1), x3 – share of 
seed potatoes (%), x4 – number of seed potatoes (thousands of pcs.ha-1), x5 – mass of medium seed 
potato (g); x6 – reproduction coefficient. 

Skewness measures the asymmetry of data distribution. For the number of stems (y), the 
skewness was -0.16, suggesting slightly longer tails on the left side of the distribution. The coefficient 
of variation (CV), calculated as the standard deviation divided by the mean and expressed as a 
percentage, is a measure of relative variability of data. The CV was 20.40%, indicating moderate 
variability (Table 11). 

The average total yield of tubers (x1) was 42.09 t ha-1. The median for this feature was 43.20 t ha-

1, less susceptible to extreme values than the arithmetic mean, making it a good measure of central 
tendency. Kurtosis for total yield was -0.60, indicating a platykurtic distribution with smaller tails 
than a normal distribution. Skewness was close to zero, suggesting a symmetric distribution (Table 
11). 

The average yield of seed potatoes (x2) was 37.95 t ha-1. Kurtosis was negative, indicating a flatter 
distribution, while skewness was negative, suggesting more frequent higher yields. The average 
proportion of seed potatoes in the total yield (x3) was 90.92%. Higher kurtosis suggested greater 
concentration of data around the mean with more extreme values, while negative skewness indicated 
asymmetry towards higher values. The average number of seed potatoes per hectare (x4) was 313.39 
thousand pieces. Kurtosis and skewness were close to zero, suggesting a nearly normal distribution 
with limited variability (Table 11). 

The average weight of a seed potato (x5) was 121.03 g. Kurtosis and skewness were close to zero, 
indicating a nearly normal distribution with limited variability. The average reproduction coefficient 
(x6) was 7.83. Kurtosis and skewness were close to zero, suggesting a nearly normal distribution with 
moderate variability (Table 11). 

In summary, the descriptive statistics analysis indicates variability in several parameters, 
possibly due to differences in cultivation conditions, phenotypic variability of potato varieties, or 
agronomic practices. Additionally, the symmetry of the data distribution around the mean suggests 
a uniform distribution of values in some cases, while shifts in the median value may indicate 
skewness in data distribution in some instances. 

3.8.  Relationships between the Number of Stems, Tuber Yield, and Potato Seed Parameters 

The correlation relationships between total yield, seed potatoes, and other quality parameters of 
seed potatoes are illustrated in Figure 6. The analysis of Pearson's correlation coefficients indicates 
that the closer the correlation coefficient is to 1 or -1, the stronger the linear relationship between two 
variables. Positive correlation coefficients (close to 1) indicate a positive linear relationship between 
variables – as one variable increases, the other also increases. Conversely, negative correlation 
coefficients (close to -1) indicate a negative linear relationship between variables, where one variable 
increase while the other decreases. Values close to 0 indicate a lack of linear relationship between 
variables. 
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Figure 6. The values of Pearson's correlation coefficients for the total yield of tubers, the yield of seed 
potatoes, and parameters of their evaluation. y – number of stems (pcs/plant); x1 – total yield (t.ha-1), 
x2 – seed potato yield (t.ha-1), x3 – share of seed potatoes (%), x4 – number of seed potatoes (thousand’s 
pcs.ha-1), x5 – mass of medium seed potato (g); x6 – reproduction coefficient 

Based on the data in Figure 6, it can be concluded that: 
The number of stems (y) has a moderate, positive correlation with the total yield of tubers (x1), 

the yield of seed potatoes (x2), the number of seed potatoes (x4), and the average mass of a single 
seed potato (x5). 

The number of stems has been found to be associated with other characteristics of seed potato 
yield, such as: 

− Number of seed potatoes: Increasing the number of stems can lead to a higher production of 
seed potatoes since each stem has the potential to generate more seed potatoes. 

− Mass of seed potatoes: When a plant produces more stems, it may result in an increased total 
mass of seed potatoes, as a greater number of stems can mean a higher combined mass of 
produced tubers. 

− Potato multiplication ratio: This ratio represents the total mass of harvested potato tubers to the 
mass of seed potatoes used for cultivation. An increase in the number of stems can potentially 
affect this ratio, as a higher number of stems may indicate a greater combined mass of harvested 
tubers, which could lead to a reduction in the multiplication ratio if the mass of the harvested 
potato yield does not increase proportionally to the mass of the seed potatoes. 

The yield of seed potatoes (x2) showed a high positive correlation with the number of seed 
potatoes (x4) as well as with the average mass of a single seed potato (x5). The potato multiplication 
ratio (x6) exhibited a strong positive correlation with the yield of seed potatoes (x2), their number 
(x4), and with the average mass of a single tuber (x5). 

The correlation coefficient value between the percentage share of seed potatoes (x3) and the 
number of seed potatoes (x4) was only r=0.12. This means that there is a small positive correlation 
between the percentage share of seed potatoes and the number of seed potatoes. However, this 
relationship is not strong. 

The correlation coefficient value between the percentage share of seed potatoes (x4) and the 
average mass of a single seed potato (x5) was r=-0.42. This indicates a moderate negative correlation 
between the percentage share of seed potatoes and the average mass of a single tuber. However, it's 
worth noting that this relationship is also not very strong. 

The correlation coefficient value between the share of seed potatoes (x3) and the average mass 
of a single seed potato (x5) was only r=0.02. This indicates a very weak positive correlation between 
these characteristics; however, this relationship is extremely weak. 
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Based on the obtained correlation coefficients, it can be concluded that the percentage share of 
seed potatoes (x3), the number of seed potatoes (x4), and the average mass of a single seed potato 
(x5) do not show a strong correlation with each other. However, it's important to note that there are 
some relationships, although they are weak or moderate. Therefore, there are certain areas where 
further research or analysis may be needed to better understand the relationships between these 
variables. For example, the relationship between the percentage share of seed potatoes and the 
number or mass of seed potatoes seems to be unclear and may require additional investigation to 
identify other factors affecting these variables. 

Overall, the correlation table provides useful information about the mutual relationships 
between different variables, which can be helpful in analysis and planning future actions, such as 
field studies, experiments, or agricultural practices. 

4. Discussion 

4.1. The Influence of Ultrasound Technology on Plant Growth and Seed Potato Yield 

The discussion regarding the application of ultrasonics in potato cultivation is a fascinating 
subject, as this technology appears to have the potential to influence various aspects of plant growth 
and yield, including stem count per plant, seed tuber yield, and other tuber characteristics. Analysis 
of the results presented in Table 5 indicates that the use of ultrasonics prior to planting significantly 
increased the number of stems per plant compared to the control technology. Similar results were 
obtained by [6]. The first significant conclusion is that the application of ultrasonics seems to have a 
positive impact on plant growth. Although these differences were not statistically confirmed for most 
varieties, the trend towards a higher stem count suggests a beneficial effect of this technology. 

The number of stems per plant varied depending on the potato variety. Varieties such as 'Satina' 
and 'Denar' exhibited the highest number of stems per plant, suggesting their higher responsiveness 
to ultrasonic stimulation. On the other hand, the variety 'Zagłoba', although showing a lower number 
of stems compared to some other varieties, could still benefit from the effects of ultrasonics, as this 
trend was evident in the research sample. It is also important to note that the impact of the number 
of stems per plant can have significant consequences for potato yield. A greater number of stems can 
lead to higher production of seed potato tubers and increased tuber mass, influencing both the 
quantity of tubers for planting and overall yield. 

To better explain this relationship using the latest knowledge, we can delve into recent research 
on plant physiology and ultrasonic technology. Recent studies have shown that ultrasonic 
stimulation can enhance various physiological processes in plants, including cell division, nutrient 
uptake, and hormone synthesis [1,5]. These effects can contribute to increased branching and stem 
formation in plants, thereby leading to a higher number of stems per plant. Additionally, ultrasonic 
waves can stimulate root development, leading to better nutrient absorption and overall plant 
growth. Understanding these mechanisms can provide insights into how ultrasonics influence the 
number of stems per plant and, consequently, potato yield. Furthermore, advancements in molecular 
biology and genetics have shed light on the genetic basis of plant responses to ultrasonic stimulation, 
offering valuable insights into the specific mechanisms underlying the variability in stem number 
among different potato varieties. By integrating this multidisciplinary approach, we can gain a 
comprehensive understanding of the relationship between ultrasonics, stem number, and potato 
yield, leveraging the latest knowledge to optimize agricultural practices and enhance crop 
productivity. 

The impact of ultrasonics on the overall tuber yield is an important aspect that can be analyzed 
based on the data presented in Figure 2(a). This is important as it allows understanding how modern 
technologies, such as ultrasonics, can affect crop yield compared to traditional methods. From the 
analysis of this figure, several important conclusions can be drawn. Firstly, Figure 2(a) shows whether 
the use of ultrasonics before bulb planting affects the increase in the overall potato tuber yield. The 
results obtained indicate that ultrasonic cultivation technology yields a higher yield compared to 
traditional technology, and on this basis, it can be inferred that ultrasonics have a positive impact on 
tuber formation and production. Secondly, it is worth comparing the differences in tuber yield 
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between different cultivation technologies to determine if these differences are statistically 
significant. If ultrasonic cultivation shows a significantly higher yield than traditional cultivation, it 
can be considered an effective method of improving yield. Additionally, other factors such as weather 
conditions and differences between potato varieties should also be taken into account. These factors 
can affect the overall tuber yield and should be considered in the context of analyzing the impact of 
ultrasonics. Based on Figure 2(d), interactions between cultivation technologies and different potato 
varieties and their impact on overall tuber yield can also be analyzed. This allows for a better 
understanding of which combinations of technologies and varieties are most effective in tuber 
production. 

In summary, the discussion on the impact of ultrasonics on the overall potato tuber yield should 
consider both the data presented in Figure 2(a) and additional factors such as weather conditions and 
varietal differences to accurately assess the effectiveness of this technology in potato cultivation. 
Similar studies on this topic were conducted by [6]. These authors obtained comparable results from 
the use of ultrasonic cultivation technology before bulb planting. 

The average yield of potato seedlings was nearly 38 t/ha, indicating generally high productivity. 
The use of ultrasonic technology before planting significantly increased the yield of potato seedlings 
per unit area by approximately 7% compared to the control combination. There is a lack of data on 
this topic in the available literature; however, it can be assumed that this effect may be attributed to 
ultrasonic technology, which could influence improved water and nutrient uptake by plant roots, 
thus contributing to better plant growth and productivity. To determine whether the increased yield 
of potato seedlings is caused by higher cavitation, scientific research and experiments would be 
necessary to understand the exact mechanism of ultrasonic technology on potato plants and their 
impact on potato seedling yield. Cavitation is a physical phenomenon involving the formation and 
collapse of gas bubbles in a liquid due to pressure changes. In agriculture, especially in the context of 
technologies used in plant cultivation, cavitation can be utilized in various processes such as 
irrigation, fertilizer mixing, or in microbiology for pathogen destruction in water [19,25–27]. 

The number of seedlings per unit area. The use of ultrasonic technology before planting 
significantly increased the number of seedlings compared to traditional technology without this 
treatment. This means that the use of ultrasonics before planting can increase the number of seedlings 
by almost 9%, which corresponds to approximately 27 thousand seedlings per hectare. Such a 
difference could allow for the additional planting of nearly 1 hectare of cultivation area. 

The interaction between varieties and cultivation technologies is also significant. In most cases, 
the use of ultrasonics led to an increase in the number of seedlings per hectare, suggesting a positive 
impact of this technology on seedling production. Some varieties, such as 'Satina,' 'Tajfun,' and 
'Denar,' showed the greatest response to the ultrasonic treatment before planting, while other 
varieties reacted to a lesser extent. The conclusion drawn from these observations is that the choice 
of cultivation technology, including the use of ultrasonics before planting, can have a significant 
impact on the number of seedlings per hectare. This is important in terms of optimizing the use of 
available cultivation area and achieving the desired yield. 

Discussing the weight of individual potato seedlings in the context of the data from Table 9 
requires considering various factors influencing this trait and their significance for yield and 
cultivation efficiency. The first significant conclusion is that the weight of individual potato seedlings 
has a significant impact on yield and the seed multiplication rate. A higher average weight of 
individual potato seedlings usually leads to a greater number of tubers produced from one seedling. 
This means that plants have the potential to produce a greater quantity of tubers, which in turn can 
contribute to an increase in the overall potato yield per hectare. Analysis of the data from Table 9 
shows significant differences in the weight of individual potato seedlings depending on the factors 
studied, such as cultivation technology, potato varieties, and cultivation years. The use of ultrasonic 
technology before planting did not have a significant impact on this trait, but some varieties, such as 
'Lord' and 'Vineta,' showed a tendency to increase the weight of individual seedlings under the 
influence of this technology. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 April 2024                   doi:10.20944/preprints202404.0389.v1



 21 

 

The interaction of cultivation technologies with the years of study also had a significant impact 
on the weight of individual potato seedlings. A clear beneficial effect of this technology was observed 
in 2017, allowing for the protection of potatoes during vegetative growth in unusual weather 
conditions, as well as the production of larger individual tubers to withstand drought and ensure 
potato reproduction in the following cycle. In summary, the weight of individual potato seedlings is 
a significant factor affecting yield and cultivation efficiency, and its analysis and discussion should 
take into account various environmental, technological, and genetic factors of potato varieties. 

The multiplication coefficient of potatoes in the context of the data from Table 10 requires 
considering its significance for assessing the efficiency of potato seedling production and various 
factors influencing this trait. The potato multiplication coefficient is an important indicator of bulb 
production efficiency because it reflects the number of bulbs that can be obtained from one seed bulb. 
Analysis of the data from Table 10 shows that the average value of this coefficient in the study was 
7.8. The use of sonication of bulbs before planting contributed to a significant increase in this 
coefficient compared to traditional technology, from 7.5 to 8.2. The response of the studied varieties 
to cultivation technologies using ultrasonics before planting was varied. The 'Satina' variety showed 
the greatest response to this technology, while the 'Vineta' variety showed no response to the applied 
sonication of bulbs before planting. In summary, the discussion on the potato multiplication 
coefficient should consider both its significance for the efficiency of potato bulb production and the 
impact of various factors such as cultivation technologies, potato varieties, and environmental and 
climatic conditions on this trait. 

Potential benefits associated with the use of ultrasonics in potato cultivation may include 
increased potato yield, better plant resistance to environmental stresses, reduced pesticide usage, and 
improved crop quality. In terms of crop quality improvement, Mierzwa et al. [28] have reported on 
the benefits of ultrasonically assisted vacuum impregnation for drying potato cubes, originally 
considered as valueless production waste. According to these authors, this approach allows for the 
transformation of valueless production waste into a valuable product with a high content of 
impregnating compounds (in this case, ascorbic acid). Furthermore, the changes induced by 
ultrasonics contributed to improving the energy efficiency of further processing steps, providing 
added value. Additionally, the authors note that ultrasonics had a positive impact on the kinetics and 
energy consumption of convective drying. The obtained results suggest that the use of ultrasonics 
may be a promising technology supporting the growth and yield of potato plants, but further 
research is needed to better understand the mechanisms of ultrasonic influence on plants and 
optimize their application in agricultural practice. 

In conclusion, the discussion on the use of ultrasonics in potato cultivation technologies should 
consider both the benefits and concerns associated with this technology and requires rigorous 
scientific analysis, stakeholder dialogue, and monitoring of its effects. 

4.2. Variability of Varieties and Their Drought Tolerance 

The genetic properties of the tested varieties significantly influenced the overall yield, seed 
potato yield, number of seed potato, average mass of one seed potato, and multiplication coefficient 
of potatoes. Some varieties, such as 'Satina' and 'Denar', showed a tendency for higher seed potato 
production from calibrated tubers compared to other varieties. Genetic differences among the tested 
varieties significantly modified the yield. The most productive variety was 'Syrena', but within the 
same homogeneous group, other varieties such as 'Denar', 'Satina', and 'Zagłoba' also stood out. In 
the second homogeneous group, varieties like 'Lord' and 'Tajfun' were found, while in the least 
productive group were varieties like 'Vineta' and 'Owacja'. The variety 'Satina' exhibited the highest 
multiplication coefficient, while the remaining varieties could be divided into two homogeneous 
groups, suggesting differences in their reproductive abilities. Similar relationships related to the 
genetic characteristics of varieties were demonstrated by Sawicka [11], Boguszewska-Mańkowska et 
al. [29–31] and Zarzyńska et al. [33]. 

Benefits and limitations of cultivating the tested potato varieties may result from various factors, 
such as genetic characteristics of the varieties, their adaptation to environmental conditions, yield 
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potential, crop quality, and cultivation requirements [29–31]. Particularly important is the response 
of potato varieties to drought stress, which is a complex process resulting from the interaction 
between plant genetics and environmental conditions. According to Grudzińska et al. [32], drought 
negatively affects plants by limiting access to water, leading to various physiological, biochemical, 
and morphological changes in the plant, such as: restricted water availability, which inhibits 
physiological processes in plants such as photosynthesis, transpiration, water conduction, and 
mineral nutrient uptake, resulting in reduced plant growth and development; disturbances in water-
electrolyte balance in plant cells, which can lead to increased oxidative stress; alterations in water and 
mineral nutrient transport, leading to reduced plant ability to uptake water and mineral nutrients 
from the soil. This, in turn, can lead to disruptions in the transport of these substances within the 
plant, resulting in nutrient deficiencies and disturbances in plant functioning [29,33]. As a result, the 
response of potato varieties to drought stress can lead to reduced yields, deterioration in tuber 
quality, and increased susceptibility to disease infections. However, plants may exhibit varying 
degrees of drought tolerance, depending mainly on their genetic resistance and degree of adaptation 
to environmental conditions. Therefore, breeding and selecting potato varieties with greater drought 
resistance are crucial for ensuring stable production in changing climate conditions. 

The overall benefits and limitations associated with cultivating specific varieties are as follows: 
high yield potential; some varieties may exhibit higher yields compared to others, resulting in 
increased harvests per unit area; resistance to diseases and pests; good crop quality; cultivation 
flexibility [29–31]. Limitations of the studied varieties include, among others: low environmental 
resistance, such as low resistance to drought, excessive humidity, or extreme air temperatures, which 
can lead to reduced tuber yields; susceptibility to diseases or pests, increasing the risk of infection-
related losses; some varieties may require specific soil, climatic, or fertilization conditions, which can 
increase production costs or limit their application to certain regions; low stress tolerance and less 
flexibility in adapting to changing environmental conditions may result in decreased yield 
performance in case of stress occurrence [31–33]. 

The benefits and limitations of cultivating individual potato varieties are diverse and depend on 
various factors. Therefore, selecting the appropriate variety for cultivation should take into account 
local environmental conditions, production goals, and the availability of agricultural technologies 
and plant protection. It is also important to consider the preferences of producers to understand their 
preferences regarding selected varieties in combination with ultrasound technology [28]. 

The future prospects for the studied potato varieties depend on various factors, including 
climate change resilience, sustainable production, breeding innovations, enhanced disease resistance, 
and consumer preferences. Developing varieties resilient to changing weather conditions is crucial, 
along with sustainable production practices and innovations in breeding techniques. Increasing 
disease and pest resistance can mitigate losses, while meeting consumer preferences for taste, texture, 
and nutrition can boost market demand. Overall, continuous adaptation to new challenges and 
innovations in potato cultivation are essential for future success. Scientists are encouraged to 
continue researching the impact of different potato varieties combined with ultrasound technology 
and to monitor progress in their agricultural application. 

4.3. Impact of Environmental Conditions on Potato Yield and Its Parameters 

This problem is significant for the overall efficiency of potato cultivation. Factors such as soil 
moisture, temperature, sunlight availability, and nutrient availability can significantly influence 
plant growth and tuber formation. Optimal environmental conditions conducive to plant growth can 
lead to increased yield, a greater number of tubers, their mass, and quality. On the other hand, 
adverse conditions such as drought, excessive moisture, or nutrient deficiency can limit plant growth 
and result in reduced yield and tuber quality. Therefore, monitoring environmental conditions and 
proper management of them are crucial for achieving optimal potato yield and quality. The 
discussion on the impact of environmental conditions on potato yield and its parameters can be 
crucial for understanding the factors influencing cultivation efficiency. Various environmental 
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factors, such as weather conditions (e.g., rainfall, temperature, sunlight, wind) and soil factors (e.g.: 
soil structure, pH, nutrient content, moisture), can significantly affect potato yield. 

The average yield of potato tubers in the conducted experiment was high, but the variability in 
weather conditions during the study years had a significant impact on this yield. Yields in 2015 were 
significantly lower than in other years, suggesting unfavorable weather and soil conditions for potato 
yield. The highest yield was obtained in 2016, when weather conditions were optimal for potatoes. 
The yield of potato tubers in 2017 was higher than in 2015 but lower than in 2016, with optimal water 
supply during potato growth. Similar observations were made by Barbaś and Sawicka [38] regarding 
the impact of meteorological conditions on tuber yield structure. They demonstrated that weather 
conditions during the potato growing season had the most significant influence on tuber yield. In 
years characterized by optimal rainfall and uniform moisture distribution during the growing season, 
the highest yields were observed for both commercial and seed potatoes. Conversely, years with dry 
vegetative periods were less favorable for achieving high yields in these aspects. 

The potato varieties under study also showed a varied response to soil and climatic conditions 
during the research period. It was precisely the unusual weather patterns that led to significantly 
different yields among the tested varieties. In the group of varieties with the highest yields of potato 
tubers, 'Denar', 'Lord', 'Satina', and 'Syrena' were included. In the next group, with homogeneous 
yields, the varieties 'Vineta', 'Tajfun', and 'Zagłoba' were found, while the variety with the lowest 
yield of potato tubers was 'Owacja'. 

Changes in the number of tubers per hectare were also observed in subsequent years of the 
study. The highest number of tubers was obtained in 2017, characterized by variable thermal-
humidity conditions, while the lowest was in the dry year of 2015. These results suggest that 
atmospheric conditions and other environmental factors can have a significant impact on tuber 
production. Grudzińska et al. [32] also noted a similar response to weather conditions. Boguszewska-
Mańkowska et al. [31] demonstrated that drought activates defense mechanisms, such as the 
accumulation of osmotic substances, antioxidant production, closure of stomata, and leaf structure 
changes to reduce transpiration. Physiological drought can lead to changes in plant metabolism, such 
as the accumulation of osmotically active compounds (e.g., proline, sugars), reduced photosynthesis 
activity, and changes in the activity of enzymes involved in carbohydrate, amino acid, and lipid 
metabolism. 

Climatic and environmental conditions also significantly influenced the weight of individual 
average tubers. The highest value of this parameter was obtained in 2017, characterized by unusual 
weather conditions that could have influenced the intensity of tuber growth. Conversely, the lowest 
multiplication coefficient was obtained in 2015 during the drought period. 

The diverse response of different potato varieties to weather conditions may result from genetic 
differences among these varieties and their adaptive capabilities to changing environmental 
conditions [31,32,35,41]. There are several factors that may influence this diverse reaction, including: 
a) different genetic traits affecting their resistance to weather conditions, such as drought, excessive 
moisture, high or low temperatures, or the presence of diseases or pests. Some varieties may be more 
resistant to specific weather conditions than others; b) adaptation to local conditions: some varieties 
may be better adapted to specific climatic and soil conditions prevailing in a particular region. 
Varieties well suited to certain conditions may show better tuber yields compared to varieties less 
adapted to these conditions; c) genetic flexibility: some varieties may be more genetically flexible, 
meaning they can better respond to variable weather conditions by quickly adapting to changes in 
the environment; d) genotype-environment interactions: the variety's response to weather conditions 
may also result from interactions between genetic traits and environmental conditions, meaning that 
the influence of weather conditions on plants can be modified by their genotype [34,36–38]. 

As a result, different potato varieties may exhibit varied reactions to weather conditions due to 
differences in their genetics, environmental adaptation, and genetic flexibility. Therefore, it is 
important to use different varieties depending on local growing conditions to maximize yield and 
crop resilience to variable weather conditions. 
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4.4. Correlations between Potato Tuber Characteristics 

The Pearson correlation coefficient analysis indicates that the closer the coefficient value is to 1 
or -1, the stronger the linear relationship between two variables. The number of stems has a 
moderately positive correlation with the total tuber yield, seed potato yield, the number of seed 
potatoes per unit area, and the average mass of a single the seed potato tuber. According to Priegnitz 
et al. [39], increasing the number of stems from one potato plant can lead to higher seed potato yield 
because each stem has the potential to generate a greater number of tubers. Similar relationships are 
confirmed by the studies of Zarzyńska et al. [37] and Barbaś and Sawicka [38]. 

According to Sadawarti et al. [40], an increase in the number of stems could potentially affect 
coefficient of multiplication, as a higher number of stems may indicate a greater total mass of 
harvested tubers, which could lead to a decrease in the multiplication coefficient if the mass of the 
harvested potato yield does not increase proportionally to the mass of seed potatoes. 

The seed potato yield (x2) showed a high positive correlation both with their number (x4) and 
with the average mass of a single seed potatoes (x5). Meanwhile, the potato multiplication coefficient 
(x6) also exhibited a strong positive correlation with both the seed potato yield (x2), their number 
(x4), and the average mass of a single tuber (x5). The correlation coefficient value between the 
percentage of seed potatoes (x4) and the average mass of a single seed potato (x5) was r = -0.42. This 
indicates a moderately negative correlation between the percentage of seed potatoes and the average 
mass of a single tuber. However, it is worth noting that this relationship is not very strong. The 
correlation coefficient value between the number of seed potato tubers (x4) and the average mass of 
a single seed potatoes (x4) turned out to be exceptionally weak. These findings are confirmed by 
research conducted by Barbaś and Sawicka [38] and Muhie et al. [41]. 

Recent studies by Gu et al. [42] have shown a significant positive correlation between the number 
of stems per potato plant and the total yield of tubers. They suggest that increasing stem density 
through optimal planting densities could enhance tuber yield without compromising tuber quality. 

Additionally, research by Islam and Li [43] found that the percentage of seed potato tubers in a 
crop has a strong negative correlation with tuber size distribution. This highlights the importance of 
seed potato quality and planting practices in achieving desired tuber characteristics. 

Furthermore, Standardization of Seed Potato (GE.6) [44] revealed that the average mass of one 
seed potato tuber is positively correlated with tuber yield but negatively correlated with tuber dry 
matter content. This suggests a trade-off between yield and quality that breeders and growers should 
consider in cultivar selection and the management practices. 

These recent findings underscore the complexity of the relationships between various factors 
influencing potato productivity and call for interdisciplinary approaches to address the challenges 
and opportunities in potato cultivation. 

Silva Filho et al. [45] identified the following as the best parameters characterizing potato 
seedlings: main stem diameter, leaf count, length of the fourth leaf on the stem, leaf surface area, 
number of tubers per plant, root dry weight, and total dry weight. Days after transplanting (DAT) 
significantly influenced morphophysiological parameters, with 45 DAT being the optimal time for 
estimating seed potato yield, and data collected biweekly being as reliable as weekly harvests. 

Therefore, further research is needed to investigate the impact of stem number, potato yield, 
proportion of seed potato tubers, and average mass of individual seed potato on the overall 
productivity of potatoes. These studies could lead to a better understanding of the relationships 
between these traits and the development of more effective breeding and agronomic strategies to 
enhance the yield and quality of potato cultivation. However, it is worth noting that there are other 
potential explanations for these relationships that should be explored in future research. 

5. Toward the Future 

Seed material is one of the most crucial inputs in potato cultivation, as it constitutes 
approximately 30-40% of the total cost of cultivation [4,46]. Therefore, improving seed production 
management is highly important for both potato producers and consumers. The use of ultrasonic 
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technology in potato cultivation before planting has the potential to contribute to improving "green 
farming" under certain conditions. Here are a few ways this could be possible: 

− Increased efficiency: Improving potato yield can enhance production efficiency per unit area, 
potentially reducing the need for new cultivation areas and minimizing pressure on the natural 
environment by limiting deforestation or marsh drainage. 

− Resource optimization: Higher potato yields may mean better utilization of resources such as 
soil, water, and fertilizers. If ultrasonic technology helps plants utilize available nutrients more 
efficiently, it could lead to more effective use of natural resources. 

− Pesticide reduction: If ultrasonic technology aids plants in coping better with pathogens or pests, 
it could reduce the need for pesticide applications, contributing to environmental pollution 
reduction and biodiversity preservation. 

− Water consumption reduction: More efficient water use by plants through ultrasonic technology 
could help reduce water consumption in potato crops, which is significant in water-scarce 
regions. 

− Soil erosion minimization: Increased potato yields may lead to greater soil coverage by plants, 
potentially reducing soil erosion by maintaining soil structure and decreasing water and wind 
erosion. 

Further research into the impact of cultivation technology, weather conditions, and different 
potato varieties can help develop more precise cultivation strategies. Continuously monitoring yields 
in various weather conditions will lead to a better understanding of yield variability and the 
adjustment of cultivation practices. 

Research into new cultivation technologies, such as ultrasonics, and the refinement of existing 
methods can further increase potato production efficiency. Implementing cultivation monitoring and 
management systems that consider the interactions between technology, varieties, and weather 
conditions can assist farmers in optimizing potato production and minimizing the risk of yield loss. 

6. Conclusions 

The cultivation technology using ultrasound on the potato tubers before planting resulted in 
increased overall yield, seed potato productivity, and their number, and may contribute to improving 
"green farming" by increasing crop efficiency, resource optimization, pesticide reduction, water 
consumption reduction, and minimizing of soil erosion. 

Significant differences in yields between different potato varieties suggest the importance of 
variety selection in crop planning. 

Interactions between cultivation technologies and potato varieties influenced overall tuber yield, 
seed potato yield, their number, and multiplication coefficient, emphasizing the need to match 
technology to specific varieties to create optimal growing conditions and achieve results consistent 
with good agricultural practices. 

Weather conditions had a significant impact on overall yield, the proportion of seed potato 
fraction, their number, average seed tuber mass, and multiplication coefficient. In a year with optimal 
thermal-humidity conditions, the highest overall yield and seed potatoes were obtained, while in an 
extremely dry year, in response to drought, most varieties showed a decrease in seed potato yield. 

Increasing the number of shoots may have a positive impact on seed potato yield and the mass 
of individual seed potato tubers. However, further research is needed to better understand the 
relationships between these characteristics and other factors, which may lead to the selection of more 
efficient potato varieties. 
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