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ABSTRACT

This study focuses on the influence of para-aminobenzoic acid (PABA) and ash on potato growing processes,
with a special emphasis on the genetic potential of potato varieties to increase tuber stress resistance and improve
nutrient assimilation efficiency. PABA, known for its properties in the biosynthesis of folic acid, is critical for cell
division and growth of potatoes. Based on the data obtained, the effect of different concentrations of the acid on
the physiological parameters of tubers, including their ability to withstand abiotic stresses such as drought and high
temperatures, was analyzed and investigated. In addition, the issue of safe use of PABA in agronomy was consid-
ered, assessing its potential impact on environmental safety and sustainability of agrosystems. Black ash was also
used to reduce the rate of mineral fertilizers. The research examined the benefits of using PABA in modern potato
growing technologies, given the growing demands on the efficiency and environmental friendliness of agricultural
products, which has become increasingly important in recent years in view of Ukraine’s European integration. An
important aspect of the use of biostimulants is a significant increase in the stress resistance of potatoes to adverse
conditions, which has been a frequent phenomenon in recent years due to climate change on the planet. In the
present study, in addition to the biostimulant, ash was used as a source of nutrients and trace elements, including
phosphorus, potassium, and magnesium. Ash provided potatoes with starter nutrition during tuber germination,
which additionally had an impact on the protection of planting material from diseases and pathogens. The use
of biostimulants and ash can further reduce the cost of potato production for the farmer compared to expensive
mineral fertilizers. In the study, it can be stated that the use of growth stimulants and ash has a positive effect on
plant vegetation, stress resistance and potato quality compared to control combinations without the use of PABA.

Keywords: para-aminobenzoic acid, potato cultivation, plant stress resistance, folic acid biosynthesis, sustainable
development, yield, growth stimulants, varieties.

INTRODUCTION

In modern potato tuber production, farmers
face a range of challenges, including decreased
genetic productivity of potato varieties and re-
duced product quality due to non-optimized pre-
planting treatment methods [Bondarchuk, 2010;
Podhayets’kyi, 2011; Hryhoriv et al., 2024]. Tra-
ditional methods, such as soaking tubers in chem-
ical solutions or spraying or dusting them with
various substances, often prove insufficiently
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effective due to uneven coverage or poor pen-
etration of active substances into plant tissues,
which may indicate the use of low-quality treat-
ment agents. This leads to unstable yields and in-
creased costs due to the need for additional plant
protection and nutrition inputs [Melnyk et al.,
2001; Vdovenko, 2022; Kolisnyk et al., 2024].
The use of para-aminobenzoic acid (PABA)
as a biostimulant, along with ash, not only en-
hances yield but also significantly improves the
potato’s resilience to abiotic stresses caused by
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climate change, making this research area impor-
tant for agronomy and vegetable growers, espe-
cially potato producers [Tokman, 2007; Karmazi-
na et al., 2013].

The main challenge is to find effective, environ-
mentally safe, and economically viable treatment
methods that ensure high-quality seed potatoes and
promote healthy plant growth and development
[Alyokhin, 2016a; Murashev et al., 2020; Rad-
chenko et al., 2024]. Scientists and practitioners are
exploring alternatives that reduce dependence on
synthetic chemicals while increasing the efficiency
of agronomic practices without harming the envi-
ronment [ Tkachuk, 2014; Butenko et al., 2025a].

In agronomy, recent experiments empha-
size the importance of innovative crop treatment
methods, especially in potato production, aiming
to increase yields and minimize negative environ-
mental impacts. Farmers have begun experiment-
ing with biologically-derived products [Ilchuk
et al., 2013; Bilinska et al., 2018; Datsko et al.,
2025]. Much attention is being paid to the use of
natural biostimulants that improve plant growth
and help them adapt to stressful conditions in
Ukraine [Vyshnevska et al., 2013; Alyokhin,
2016; Ilchuk et al., 2020]. PABA, an effective
plant growth stimulator, shows promising results
in pre-planting treatment of tubers and seeds,
helping to enhance the genetic potential of potato
varieties and improve plant stress resistance dur-
ing the growing season [Bondarchuk, 2010; Pol-
ishchuk et al., 2015; Lazarchuk, 2016]. Ash, as
a source of micronutrients, in combination with
PABA, plays a key role in the early nutrition of
potato tubers during the initial sprouting phase
[Tokman, 2007]. The use of ash allows for par-
tial or complete substitution of mineral fertilizers,
thereby reducing potato production costs and the
application rate per hectare, while supplying es-
sential nutrients like potassium and phosphorus
for healthy plant development and increased pro-
ductivity [Podhayets’kyi, 2004; Vdovenko, 2022;
Kovalenko et al., 2024].

Potato producers are also aiming to optimize
soil treatment and introduce new techniques be-
fore planting potatoes in the field. For instance,
deep loosening of the selected area helps reduce
the time required for pre-planting preparation.
PABA increases the effectiveness of active sub-
stances penetrating deep into the potato cells, en-
hancing the uptake of macro- and micronutrients
from the soil [Balashova, 2013; Podhayets’kyi &
Hnitetskyi, 2017]. Advancements in techniques

that ensure even coating of tubers with biostim-
ulants and ash allow for uniform pre-planting
treatment with minimal labor input [Lazarchuk,
2016; Polishchuk, 2021; Vdovenko et al., 2023].
This approach not only enables an assessment of
PABA and ash impacts on yield and quality but
also helps define optimal conditions for scaling
this technology in potato production, ensuring
more sustainable and profitable cultivation for
farmers [Melnyk et al., 2001].

Biostimulants not only improve stress resis-
tance and potato quality but also contribute to re-
ducing the use of mineral fertilizers and chemicals
in agriculture, confirming the necessity of further
development and adoption of environmentally
friendly technologies in this field [Polishchuk et
al., 2015; Alyokhin, 2016b; Butenko et al., 2025b].

MATERIAL AND METHODS

The goal of this research was to assess the ef-
fectiveness of applying para-aminobenzoic acid
(PABA) and ash in potato cultivation, particularly
their impact on the stress resistance and yield of
the Myroslava and Zhytnytsia varieties.

Between 2021 and 2023, the experiments
were conducted on the educational and research
fields of the Scientific-Production Complex of
Sumy National Agrarian University to evaluate
the effects of PABA and black ash.

The soil used for the trials was a typical me-
dium-humus chernozem, with a humus content of
4.1-4.5% (high); salt pH of 5.8—6.2 (near neutral);
nitrogen content — 135 mg kg™ (low); mobile K-O
and P-Os — 77 mg kg (medium) and 207 mg kg
(very high), respectively. Soil classification fol-
lowed DSTU 4362:2004 “Soil quality — indica-
tors of soil fertility”.

Annual meteorological data were obtained
from the Institute of Agriculture of the North-
East NAAS of Ukraine (village Sad — located 6
km from the research site).

Analysis of the collected meteorological data
showed that from the beginning and throughout
the entire growing season, abiotic environmental
factors like humidity and temperature varied sig-
nificantly (Fig. 1).

High ambient temperatures and excessive
precipitation in April, May, and June 2021 led to
increases in the hydrothermal coefficient (HTC)
by 0.76, 1.34, and 1.59, respectively. In contrast,
July experienced drought-like conditions with
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Figure 1. Values of the hydrothermal coefficient (HTC) for 2021-2023

HTC = 0.1. The extremely high temperatures and
low precipitation in April 2021 classified that pe-
riod as dry. July 2021 was the most unfavorable
for plant growth and was characterized as very
dry (HTC =0.10).

According to the recorded data, the values of
the hydrothermal coefficient in 2022 indicated
that conditions for potato vegetation in June and
August were excessively humid for normal plant
development, with HTC values of 1.23 and 1.73,
respectively. The weather conditions in April and
May, based on HTC values, were characterized as
severely dry, with an average index of 0.66.

Throughout the entire research period, the
most unfavorable conditions for potato culti-
vation were recorded in all ten-day periods of
July 2021, which can be classified as arid, with
an HTC value of 0.10. In June, July, and August
2023, slightly dry conditions were observed, with
HTC values of 1.22, 1.19, and 1.72, respectively.

Assignificant rise in temperature and excessive
precipitation in August 2023 led to an increase in
the hydrothermal coefficient to 1.72. In summary,
the hydrothermal conditions during the experi-
ment years were close to optimal for the growth,
development, and formation of a sufficient num-
ber of tubers under each plant and for ensuring
the high quality of potato plant structures.

The pre-planting treatment study of potato
tubers using para-aminobenzoic acid (4-Amino-
benzoic acid, or para-aminobenzoic acid (PABA,
NH,-C H,-COOH), is a component of folic acid
(vitamin B9) and takes an active part in the cre-
ation of coenzymes necessary for the synthesis of
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nucleic acids in the plant and other important sub-
stances for optimal plant development) and ash
included several critical stages.

First, the tubers were sorted, and only healthy
ones without signs of disease or damage were se-
lected. Then, they were cut in half, ensuring an
equal number of eyes on each half to increase the
absorption area for the solution. For preparing
the PABA solution, water with a temperature of
60-80°C was used, in which the specified amount
of PABA powder was dissolved to achieve the
required concentration. The cut tubers were then
soaked in the solution for 11-13 hours to ensure
deep penetration of PABA into the tuber tissues.

After soaking, the tubers were air-dried for
1.5-2.0 hours, then dusted with ash at a rate of
130-180 mg kg, providing additional nutrient
supply. The treated tubers were planted in soil
according to standard agronomic practices, after
which careful monitoring was carried out for tu-
ber condition, vegetative mass, plant growth, de-
velopment, and yield. The data collected from the
experimental plots were compared with control
groups (untreated with either PABA or ash) and
analyzed using statistical methods to evaluate the
effectiveness of PABA and ash application.

The field experiment was planned and con-
ducted according to the methodological recom-
mendations of Bondarchuk et al. [2019]. The
biometric indicators and yield of potato varieties
were recorded according to the Methodological
Recommendations for Experiments with Potatoes
of the Institute of Potato Growing of the NAAS
[Kutsenko et al., 2002]. Starch was determined
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by the Parov method, which measures the differ-
ence in density between tubers and water [Ko-
nonuchenko, 2002]. The dry matter content was
investigated by the gravimetric method [Bondar-
chuk et al., 2021]. Microsoft Excel and Statistica
6.0 programs were used to process the obtained
statistical data [Ermantraut et al., 2007].

RESULTS AND DISCUSSION

One of the pre-planting treatment methods in-
volves the use of para-aminobenzoic acid (PABA)
and ash, which are applied to improve the physi-
ological condition of potatoes and their vegeta-
tive capacity. It is known that PABA activates cel-
lular enzymes that play a key role in plant growth
and development. Application of a 0.1% PABA
solution before field planting increases the rate
of biochemical reactions in tubers and improves
plant stress resistance. The effect of growth bio-
stimulants plays a crucial role in increasing the
vegetative mass of plants.

On the 14th day after sprout emergence, the
leaf area of potato plants showed no significant
difference among all combinations, averaging
11.0-11.3 thousand m? ha! over the years of re-
search. However, as the active growth phase began
and environmental temperatures stabilized, differ-
ences emerged among the combinations where
growth stimulants were used. On the 21st day of
vegetation after sprout emergence, the Zhytnytsia
variety showed a better leaf area than Myroslava.

In the fourth combination, the highest increase in
leaf area was recorded: 31.2 thousand m? ha! for
both Myroslava and Zhytnytsia. The lowest leaf
development was observed in the control group.

The next measurement, on the 28th day of
vegetation, showed little difference in leaf area
for the Myroslava variety compared to the con-
trol. For Zhytnytsia, the largest increase in leaf
area — 49800 m? ha! — was again recorded in the
fourth combination, using 0.1% PABA on halved
tubers with ash dusting (130-180 kg ha''), which
was 4.9 thousand m? ha! greater than the control.
During the peak flowering period, leaf area for-
mation slowed for both varieties, as the plants fo-
cused their energy on flower development. Anal-
ysis of the leaf photosynthetic apparatus during
vegetation confirmed that biostimulants promote
expansion of the leaf area.

Ash, on the other hand, serves as a natural
source of essential microelements such as potas-
sium, magnesium, and phosphorus, contributing
to improved plant development. This method in-
cludes cutting the tubers in half to improve re-
agent absorption, drying, soaking in PABA solu-
tion, and dusting with ash. This integrated treat-
ment not only improves the stress resistance and
viability of tubers but also significantly increases
the final yield.

On the 42nd day of observation, all experi-
mental combinations, except the control, demon-
strated increased leaf area. After flowering, the
potato bushes began allocating more nutrients to
berry maturation, which caused loss of turgor in

Table 1. Effect of applied growth regulators on biometric indicators of Myroslava and Zhytnytsia potato varieties

(average for 2021-2023)

Variant Leaf area, thousand m? ha”', days after emergence
14 | 21 | 28 | 35 | 4
Myroslava
1 ;Fg;irg:e:&:(j)whole tubers with 0.05% PABA 11 29.7 453 527 51.6
2 | Treatment of halved tubers with 0.1% PABA 1.2 29.8 47.7 54.6 54.6
Halved tubers with 0.05% PABA + ash dusting (130—180 kg ha™) 11.2 29.3 443 54.2 52.1
4 | Halved tubers with 0.1% PABA + ash dusting (130—180 kg ha™') 1.3 31.2 47.8 54.8 54.4
LSD 0.4 1.4 2.4 2.5 1.5
Zhytnytsia
1 ;I'ézigfgsr?g)whole tubers with 0.05% PABA 1.0 28.6 44.9 53.4 49.6
2 | Treatment of halved tubers with 0.1% PABA 1.2 30.4 48.5 57.4 52.9
Halved tubers with 0.05% PABA + ash dusting (130—180 kg ha™') 11.0 30.0 447 54.3 51.2
Halved tubers with 0.1% PABA + ash dusting (130-180 kg ha™") 11.3 31.2 49.8 57.3 53.9
LSD, 0.5 1.5 2.6 2.3 1.6

115



Journal of Ecological Engineering 2026, 27(1), 112-119

plants. The application of growth regulators and
ash positively affected leaf area in the combina-
tions using cut seed tubers (Table 1).

The results of the conducted studies on the
use of growth stimulants through various appli-
cation methods on potato tubers demonstrate an
increase in yield compared to traditional plant-
ing methods without growth stimulants. For
instance, in the experiment where tubers were
treated with PABA and ash, a yield increase of
15-20% per hectare was recorded compared to
the control, confirming the high effectiveness of
the proposed combinations.

Analysis of Table 2 on potato yield shows a
significant increase in tuber productivity for the
Myroslava and Zhytnytsia varieties as a result of
applying biostimulants and ash to seed potatoes,
compared to conventional approaches without tu-
ber treatment.

Treatment of whole tubers with PABA (back-
ground) resulted in relatively low average yields
compared to other combinations. The highest
yield for the Myroslava variety was recorded in
the third combination — 31.3 t ha™!, which is 7.1 t
ha'! higher than the control.

The Zhytnytsia variety showed better yield
performance compared to Myroslava in the ex-
periment, likely due to its genetic characteristics.
In the combination where 0.1% PABA and ash
dusting were applied, the highest yield for Zhyt-
nytsia was achieved — 39.3 t ha'!, which is 2.8 t
ha' higher than the background combination.
This indicates the effectiveness of deep penetra-
tion of PABA and ash into the internal tissues of
potato tubers, which ensures better absorption
of active substances at the start of development.
The use of ash as a nutrient source effectively im-
proves plant vitality and productivity, as well as
resistance to biotic stressors.

The combined method of treating halved tubers
with PABA and dusting them with ash at a rate of
130-180 kg ha! showed the best results among all

combinations, achieving increased yield. This con-
firms the synergistic effect of combining chemical
and natural stimulation of plant growth.

These findings highlight the importance of
modern approaches in agronomic practices for
vegetable cultivation. In potatoes treated with
growth stimulants, the plant’s potential improves,
which significantly increases the productivity of
the crop, ensures more efficient resource use, and
enhances growing conditions.

This evidence points to the promising applica-
tion of PABA and ash in agriculture, which could
become a key factor in reducing costs and in-
creasing productivity in potato cultivation. In the
conducted experiment, no significant effect of the
growth stimulants EPS and PABA was observed
on the vegetative development of potatoes or on

the tgber ({ﬁality of the §tu ied varieties (Table 3).
ver the course of the experiment, no sig-

nificant accumulation of dry matter was observed
compared to the control combination. However,
the starch content of the studied potato varieties in-
creased compared to the control. The highest starch
content in the tubers was recorded in the second
experimental variant, where a 0.1% PABA solution
was applied to halved tubers in both potato varieties.

It is worth noting that the best results for
the accumulation of dry matter and starch were
achieved in the combination with 0.05% PABA
applied to halved tubers that were also treated
with ash at a rate of 130-180 kg ha'. It was ob-
served that increasing the concentration of para-
aminobenzoic acid to 0.1% led to a decrease in
the accumulation of both dry matter and starch.

Based on the obtained research results, it can
be concluded that the use of the PABA growth
regulator and similar preparations is appropri-
ate during the cultivation of Myroslava and
Zhytnytsia potato varieties. Similar results were
obtained in their studies by Ivanov et al., [1997],
Bekusarova et al., [2013], Rosen et al., [2014],
Murasheyv et al., [2020].

Table 2. Potato yield for different treatment variants with growth stimulants and potato varieties (average for

2021-2023)
Variant Yield, t ha”
Myroslava Zhytnytsia
Treatment of whole tubers with 0.05% PABA (Background) 24.2 36.5
Treatment of halved tubers with 0.1% PABA 28.8 36.6
Treatment of halved tubers with 0.05% PABA and ash dusting (130-180 kg ha') 30.7 38.7
Treatment of halved tubers with 0.1% PABA and ash dusting (130-180 kg ha') 31.3 39.3
LSD,, 2.31 2.24
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Table 3. Effect of growth regulators on tuber quality of potatoes (average for 2021-2023)

— Starch Starch, Dry matter Dry matter,
No. Combination content, % t ha' content, % t ha”
Myroslava
1 0,
1 Treatment of whole tubers with 0.05% PABA 157 397 26.2 503
(Background)
2. | Treatment of halved tubers with 0.1% PABA 171 3.29 23.9 4.38
Treatment of halved tubers with 0.05% PABA and ash
3| dusting (130-180 kg ha) 164 398 233 4.98
Treatment of halved tubers with 0.1% PABA and ash
4. dusting (130-180 kg ha") 15.1 3.02 22.2 4.31
Zhytnytsia
1 0,
1 Treatment of whole tubers with 0.05% PABA 15.9 3.87 223 5.53
(Background)
2. | Treatment of halved tubers with 0.1% PABA 16.7 3.19 231 4.33
Treatment of halved tubers with 0.05% PABA and ash
3. dusting (130-180 kg ha') 16.1 3.59 22.6 4.81
Treatment of halved tubers with 0.1% PABA and ash
4. dusting (130-180 kg ha") 15.5 2.97 22.3 4.19
CONCLUSIONS REFERENCES

The results of the study on pre-planting treat-
ment of potatoes with para-aminobenzoic acid
(PABA) and ash allow us to draw several impor-
tant conclusions. The use of PABA improves tuber
productivity and resistance to stressful conditions
during the growing season. The combined applica-
tion of PABA and ash demonstrated a strong syn-
ergistic effect, unlocking the genetic potential of
Myroslava and Zhytnytsia varieties and improv-
ing potato yields compared to untreated controls.

Specifically, the treatment of halved potato tu-
bers with PABA and subsequent dusting with ash
resulted in the best yield indicators among all stud-
ied variants. The use of different PABA concentra-
tions affects the sprouting time and final yield of
potatoes. With each passing year, new biostimu-
lants are being developed and improved, providing
plants with everything necessary during the early
vegetation phase across various climatic zones of
Ukraine and Eastern European countries. This, in
turn, enables farmers to maximize the genetic po-
tential of potatoes and reduce production costs.

Ash, with its diverse chemical composition of
macro- and micronutrients, has a positive effect
on the initial development of potatoes and their
subsequent growth. The use of PABA and black
ash reduces production costs and the need for
mineral fertilizers. Moreover, PABA application
in professional potato cultivation positively influ-
ences the quantitative parameters of starch and
dry matter content, improving the organoleptic
qualities of the varieties.
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