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Abstract

The aim of this study was to conduct a pilot experiment on the cultivation of ashwagandha
(Withania somnifera L.) using the permaculture method, to estimate the yield of the herb
and roots of this species and to determine their antioxidant properties. The field experiment
was conducted in 2024 in the Subcarpathian voivodeships (50°82' N 23°54' E), Poland. The
experiment was established in raised beds using the permaculture method on lasagne-type
perches.

The average herb fresh weight yield was 7.422 kg/m* Herb dry matter yield was
2.186 kg/m? root fresh weight yield was 1.569 kg/m? and root dry matter yield was
0.594 kg/m*. Both the herb and the roots of ashwagandha hold antioxidant properties;
however, the level of antioxidant properties depended on the harvest date. The highest level
of antioxidant properties was observed in samples of the herb harvested in August, i.e. on
the first harvest date. This value was 33.55% higher compared to the herb sample collected
in October (second harvest date). The harvested roots of ashwagandha were characterised
by different levels of antioxidant properties in the different harvest dates. In this case, the
highest level of antioxidant properties was recorded in root samples collected at the end of
the ashwagandha growing season, i.e. at harvest date II. It was also observed that the level
of antioxidant properties of the herb and the roots of ashwagandha depended on the type
of solvent used to prepare the extracts.
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Streszczenie

Celem badan bylo przeprowadzenie pilotazowego doswiadczenia dotyczacego uprawy
witanii ospalej (Withania somnifera L.) metoda pernakulturows, oszacowanie wielkosci
plonéw ziela i korzeni tego gatunku oraz okreslenie ich wtasciwos$ci antyoksydacyjnych.
Doswiadczenie polowe przeprowadzono w 2024 r. w Polsce na terenie wojewddztwa pod-
karpackiego (50°82" N 23°54" E). Eksperyment zrealizowano na podniesionych zagonach
metodg permakulturowg na grzedach typu lazagne. Sredni plon $§wiezej masy ziela wynosit
7,422 kg/m?. Plon suchej masy ziela ksztaltowal si¢ na poziomie 2,186 kg/m?, plon $wiezej
masy korzeni wynosit 1,569 kg/m?, za$ plon suchej masy korzeni 0,594 kg/m?* Zaréwno
ziele, jak i korzenie witanii ospalej posiadajg wlasciwosci antyoksydacyjne, jednakze ich
poziom zalezal od terminu zbioru. Najwyzszy poziom wlasciwosci antyoksydacyjnych za-
obserwowano w probkach ziela zebranego w sierpniu, czyli w I terminie zbioru. Warto$¢ ta
byta wyzsza o0 33,55% w poréwnaniu do probki ziela zebranego w pazdzierniku (II termin
zbioru). Zebrane korzenie witanii ospatej cechowaly sie r6znym poziomem wtasciwosci an-
tyoksydacyjnych w zaleznosci od terminu zbioru. Przy czym w tym przypadku najwyzszy
poziom wlasciwosci antyoksydacyjnych zanotowano w prébkach korzeni zebranych pod
koniec okresu wegetacji roéliny, czyli w II terminie zbioru. Zaobserwowano réwniez, ze po-
ziom wlasciwosci antyoksydacyjnych ziela oraz korzeni witanii ospalej zalezal od rodzaju
rozpuszczalnika uzytego do przygotowania ekstraktéw.

Introduction

The word permaculture was coined from a combination of the words permanent
and agriculture, in line with the belief that culture alone could not survive without
agriculture and a land use ethics [1, 2]. Permaculture is based on the observation
of natural systems, combining the traditions of ancient agricultural systems with
the achievements of modern scientific and technological knowledge. Its aim is to
replicate systems found in nature, while creating an environment geared towards
the production of food for humans and animals. Permaculture systems are, by
design, both environmentally friendly and economically efficient.

Satisfying the needs of oneself and of the nearest people and beings, without
polluting or over-exploiting the environment, is the goal of every permaculturist
[2, 3, and 4]. Permaculture involves leaving the garden or crop to nature, with very
little or no interference by the user in the processes taking place. Permaculture
gardens and crops make use of natural processes occurring in nature, for example in
the soil under the influence of soil organisms or the interaction between plants and
animals. For this reason, permaculture proponents dispense with digging, weeding
and watering. They also do not remove organic residues which, once decomposed,
enrich the soil and contribute to water retention [5, 6].
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They do not use chemical treatments. Ornamental plants or vegetables can
be grown in boxes, which allow more demanding species of plants to be grown
in a weak site and improve garden design. They make it easier to control the soil
pH and fertilise the site. Permaculture strives for self-sufficiency, creates healthy
ecosystems, cares for biodiversity and efficient use of resources while also making
work easier as there is no need to bend down [5, 7].

Although there is an increasing amount of information on this cultivation
system, there is still a lack of scientific reports on yield effects and ready
instructions on permaculture cultivation technology. Therefore, the aim of the
present study was to conduct a pilot experiment using the permaculture method
with the herb ashwagandha (Withania somnifera L.), to estimate the yield of the
herb and roots of this species and to determine the antioxidant properties of the
obtained raw material.

Material and Methods

Plant Material

A field experiment on the cultivation of ashwagandha was conducted in 2024
at the Experimental Field of the State University of Applied Sciences in Krosno,
located in Subcarpathian Voivodship 50°82' N 23°54' E), Poland. The experiment
was established in raised beds using permaculture method on lasagne-type
perches. For this purpose, wooden boxes measuring 1.00 x 0.75 x 5.75 m were
prepared.

The boxes were then divided into 1 x 1m? experimental fields. The boxes were
directly set on the grass. They were filled from underneath with cardboard boxes
(without adhesive tape, foil, varnish, etc.). The next layer consisted of shredded dry
branches, sticks and old rotten planks (which will turn into rich organic matter over
time and under the action of microorganisms).

The wood layer was covered with straw and a layer of compost mixed with soil.
The last layer was the compost itself, on which the ashwagandha seedlings were
planted. The experiment was repeated in 4 replications. The seedlings came from
seeds purchased from a garden shop in Krosno territory.

Before sowing, the seeds were soaked in tap water for 24h, then sown shallowly
in a mixture of soil (garden and organic soil) and compost (50:50) in multi pots and
covered with perlite. The multicups were kept in the greenhouse at temperatures
above 10°C. After a week, the first emergence took place. When the seedlings were
7 cm long, they were transplanted into P9 production pots filled with a 50:50 soil/
compost mixture. The plants were watered every three days.
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Approximately, after 5 weeks since sowing, the seedlings were planted out
into a permanent place at a spacing of 30x25 cm. Plant care during the growing
season consisted of hand weeding, soil loosening and irrigation as needed. In order
to carry out tests for the evaluation of antioxidant properties, harvesting of the
herb and roots was done twice during the vegetation of ashwagandha i.e.: 1st date
- 20 August, 2nd date - 30 September.

After harvesting, the raw material was washed, crushed into small pieces, frozen
at —-25°C and then lyophilised (0.37 mBa) for 48h, in a FreeZone 12L lyophiliser,
from Labconco (Labconco Corporation Kansas City, MO, USA). The resulting
freeze-dried samples were stored at 5°C in dark glass containers, out of light. The
final harvest of ashwagandha was carried out by hand on the 5 of October at harvest
maturity. Immediately after harvesting, the fresh weight yield of the herb and roots
was determined and, after drying at 35°C, the air-dry weight yield of the herb and
roots of ashwagandha was calculated.

RN

1. Ashwagandha during vegetation.

Photo
Source: photography by the Author.

Soil Conditions

Before setting up the field experiment, soil samples were taken from the layer of
compost mixed with soil according to the standard [8] in order to determine the
abundance of soil in macro- and micro-elements and soil pH in 1 M KCL. These
tests were performed by the District Chemical and Agricultural Station in Rzeszéw.

10



Yield and antioxidant properties of herb and root of Ashwagandha...

Table 1. Physicochemical Properties of the Soil.

Content of macro- macronutrients | Corg. Organic pH micronutrients
o matter | K
and micro-nutrients (mg/100g) (%) (%) (KCI) (mg/kg)
and organic matter
P205 | K20 | Mg Cu Mn Zn Fe
295 | 413 | 158 | 1,62 2.79 6.3 52 | 177.5 | 135 | 2193

Source: Data based on the results obtained by the District Chemical and Agricultural Station in Rzeszéw 2024.

The abundance of bioavailable phosphorus, potassium and magnesium was very
high, and that of copper, manganese, iron and zinc was medium. The organic matter
content of the arable layer was high at 2.79% (Table 1). The results of the study
allowed the soil to be classified in the medium agronomic category [9]. The soil was
slightly acidic (pH 6.3 in 1M KCl).

Meteorological Conditions

Table 2. Weather Conditions During the Vegetation of Ashwagandha in 2024, According to the
Meteorological Station in Dukla

Yo Months Average
ear
IV v VI VII VIII IX IV-1IX
Rainfall [mm]
2024 233 35.7 529 11.7 15.3 22 27.78

The average sum
of long-term 55.9 95.6 100.9 116.5 30.1 53.1 79.8
(1989-2014)

Air temperature [°C]

2024 10.03 12,37 17.13 20.37 21.33 15.53 16.2

Long-term average

2 13. 16.4 1 194 14.02 15.52
(1989-2014) 9 3.6 6 9 9 0 55

Hydrothermal coefficient
2024 2.3 29 3.1 0.6 0.7 14 1.9

Ranges of hydrothermal coefficient values according to Sielianinov: k <0.4 — extremely dry month; 0.4<K <0.7 -
very dry; 0.7<K<1.0 - dry; fairly dry - 1.0< K <1.3; optimal - 1.3< K <1.6; moderately humid - 1.6<K <2.0; humid,
2.0<K<2.5; very humid 2.5<K<3.0; extremely humid K>3.0.

The course of weather during the growing season of ashwagandha was variable,
as shown in Table 2. In the analysed period from April to September 2024, there
were large differences in the amount of rainfall per month compared to the multi-
year average (1989-2014). The year 2024 was classified as moderately humid, as
evidenced by the Sielianinov hydrothermal coefficient values (Table 2).

n
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However, there was a significant variation in the hydrothermal index values
between the different months of the ashwagandha growing season. Average rainfall
in 2024 reached 27.78 mm per month, but was still far below the multi-year norm.
Average air temperatures in 2024 appeared to be higher than the multi-year norm,
except for May, which could favour the vegetation of ashwagandha, which prefers
warm conditions (Table 2).

Sample Preparation

Extracts of the herb and roots of ashwagandha were prepared by crushing 0.75g of
freeze-dried material in a mortar with 80% methanol (Sigma-Aldrich, St. Louis,
MO, USA), topping it up in portions of a total volume of 25 ml. The extraction time
was 4 hours. Each sample obtained was aspirated through a funnel with a sintered
disk into a 25 ml volumetric flask. The extraction process was carried out at 22°C
with limited light. The extracts were stored in the dark at 5°C for one week [10].
Extraction was carried out using four different solvents, i.e. water, 30%, 50% and
70% ethanol.

Measurement of Antioxidant Properties

The antioxidant properties were measured using the stable DPPH radical.
Measurements were performed using spectrophotometric methods with a Genesys
150 UV-Vis spectrophotometer (Thermo Scientific) and wavelengths are given in
the method descriptions.

Measurement of Antioxidant Potential Using the DPPH Radical
One of the more commonly used methods for the measurement of antioxidant
activity is that using a DPPH solution. DPPH (2.2-diphenyl-1-picrylhydrazyl) is
a free radical with a relatively high persistence and can therefore be easily prepared
for testing [11]. The 2.2-diphenyl-1-picrylhydrazyl radical is a dark purple
crystalline solid, well soluble in organic solvents and insoluble in water. In alcohol
solution, it is dark violet in colour with an absorbance maximum with a wavelength
of 517 nm.

Measurement results are usually reported as the number of equivalents of the
reference substance or as the radical scavenging rate expressed in %:

A~ 00

DPPH radical reduction [%] =

where:
A, - absorbance of the control sample
A, - absorbance of the test sample after the specified time (t = 10 min).

12
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Statistical Analysis

Statistical analysis of the tested samples was performed using Statistica 13.3
(StatSoft, Visual Basic, TIBCO Software Inc., PL). Herb and root yield and
antioxidant property scores were analysed using ANOVA test. Results were
expressed as mean * standard deviation and were considered statistically
significant at p<0.05.

Results and discussion

Yield of Fresh and Dry Weight of Herb and Roots
Based on the permaculture ashwagandha cultivation study conducted, the average
fresh herb weight yield harvested in October at harvest maturity was 7.422 kg/m®.
Plant dry matter yield per 1 m? was 2.186 kg/m?, root fresh matter yield was
1.569 kg/m? and root dry matter yield was 0.594 kg/m?* (Table 3). These results can
be considered high compared to the study of Obidowska et al. [12], who, in their
study of a trial of ashwagandha cultivation in Poland under container growing
conditions without covers, obtained a fresh herb weight yield of 351.21 g per plant.

Table 3. Fresh and Dry Weight Yield of Herb and Root of Ashwagandha

Feature yield kg/m? Min Max Yield per 1 plant kg/m?
fresh herb mass 7.422+1,40a 5.95 9.85 0.742
herb dry matter 2.186+0,43b 1.77 2.87 0.218
fresh root mass 1.569+0.21¢,b 1.24 1.92 0.156
dry root mass 0.594+0.08¢ 0.44 0.68 0.059

+ Standard deviation
Explanation: a-c average values denoted by different letters in the rows are statistically significant different at
p=<0.05

The high fresh weight yield of herb and root of ashwagandha in our study mayhave
been due, among other things, to the very high content of elements, i.e. phosphorus,
potassium and magnesium, in the soil (Table 1). According to Williamson et al.
[13] permaculture cultivation in raised beds is characterised by significantly higher
yields and better raw material quality compared to conventional practices.

According to these authors, permaculture methods focus on imitating the
natural recycling of the ecosystem through the addition of organic matter, minimal
soil disturbance and species diversity of the plants grown. They are featuring the
promotion of microbial activity and plant synergy. All these activities contribute
to a significantly higher carbon, nutrient and organic matter content compared to
conventionally cultivated soil.

13
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Similar yield results of above and below ground parts of ashwagandha under
raised bed conditions were also obtained by Prajapati et al. [14], Pandey and
Shukla [15] and Arand et al. [16]. On the other hand, Noworolnik [17] in his
study on the effect of soil quality on the yield of aboveground parts of plants
describes that, among many habitat-agronomic factors, soil conditions and
especially their nutrient abundance (besides nitrogen fertilisation), have the
strongest effect on yield.

According to Helfenstain et al. [18], zinc is a very important nutrient for
ensuring the correct course of vital processes in the plant. According to the
studies of these authors, zinc participates in nitrogen metabolism, thanks to
which the plant rapidly absorbs this element and produces a higher yield of
green mass. In our study, the soil zinc content was at an average level of 13.5
mg/kg (Table 1).

According to Ukalska-Jaruga et al. [19], the yield of both above- and below-
ground parts of the plant is strongly influenced by the content of organic matter
in the soil, which, by influencing the physical, chemical and biological properties
of soils, affects their productive function. In addition, research by Ksiezak [20]
reports that the organic matter available in the soil is a source of nutrients for plants
and readily available carbon for many groups of microorganisms, and also has
a retention function.

In our research, the value of this property was 2.79 % p.s.m. and can be considered
high. According to Trawczynski [21] and Janowiak and Spychaj-Fabisiak [22], one
of the main measures of soil fertility is the content of organic carbon in the soil,
which at the same time is a basic determinant of soil productive capacity.

In our study, the organic carbon content of the soil was at an average level of
1.62 %. According to Neina [23] and Widlak [24], soil pH also plays a major role
in plant yield. The value of this trait in our study was 7.1 pH and was defined
as neutral. According to Kloc-Szatnik [25], most horticultural plants grow and
develop best at a pH of 6.2-7. Withania somnifera belongs to the group of plants
that yield noticeably better in neutral soil.

Similar reports in Rajeswaras work [26] state that ashwagandha grows well
in well-drained sandy, sandy and loam soils with light texture and pH of 7.0-8.0.
According to Srivastava et al. [27], the high yield of herb and roots of ashwagandha
is also influenced by meteorological conditions and especially air temperature,
which should be between 20°C and 31°C.

This is confirmed by authors’ own research, where air temperatures in 2024 were
higher than the multi-year average except in May, which may have favoured the
vegetation of ashwagandha, which prefers warm weather conditions during growth
and development.

14
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Antioxidant Properties of the Herb and Root

The DPPH reagent method is widely used to measure the antioxidant capacity of
natural raw materials: fruit, juices, plant extracts, food. It is especially often used in
the determination of the antioxidant properties of phenolic compounds [28]. It is
fast and accurate, and the results obtained are reproducible and comparable with
values obtained from other tests using free radical scavenging capacity [29].

Analysing the data obtained after the DPPH radical test on the antioxidant
properties of the extracts of the herb and the root of ashwagandha, it can be
concluded that both the herb and the roots of ashwagandha hold antioxidant
properties, however, a higher value of the tested trait was obtained in the roots of
ashwagandha. It was also observed that the degree of DPPH radical reduction varied
between harvesting dates for both the herb and roots of this species (Figure 1).

The highest level of antioxidant properties was observed in the samples of herb
harvested in August, i.e. on the first harvest date. This value was 33.55% higher
compared to the herb sample collected in October (second harvest date) (Figure 1).
The harvested roots of ashwagandha had different levels of antioxidant properties
in the different harvest dates.

70

60

50 ab
40

30 b

20 b

10

% of DPPH radical inhibition

VIII X VI X

herb root

Figure 1: DPPH test for comparison of antioxidant properties in the herb and in the root at
different harvest dates.

Explanation: a-b mean values denoted by different letters in the rows are statistically significant
different at p<0.05
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Whereas, in this case, the highest level of antioxidant properties was observed in
root samples collected at the end of the ashwagandha growing season, i.e. at harvest
date II. The degree of DPPH radical reduction for these samples ranged from
38.10-78.11% and was 36% higher than root extract samples harvested in August
(harvest date I). Jezierska and Sykuta [30] obtained values ranging from 22.22+0.069
to 33.03+0.074 in ashwagandha herb extracts.

Lower values than the above discussed in the extracts from ashwagandha herb
were obtained by Jezierska and Sykula [31], which ranged from 22.22+0.069 to
33.03+0.074. According to many authors, the prevailing climatic conditions during
the growing season shape the intensity of abiotic stress factors (UV radiation,
temperature, precipitation) being the main factor modelling the synthesis of
secondary metabolites, the level of which depends on the vegetative part of the plant
and its developmental stage [32, 33].

According to Gupta et al. [34], exposure to sunlight can affect photosynthesis
and the production of secondary metabolites, which often have antioxidant effects.
According to our study, the level of antioxidant properties of the ashwagandha herb
may have been affected by weather conditions, as there were high air temperatures
and there was a drought from July to August (Table 1).

The research results of Fernando et al. [35], reported that extracts from the
above-ground parts of ashwagandha showed significant variation in the levels of
antioxidant properties at different growth stages of this species. In the study of
these authors, the highest total free radical scavenging capacity was achieved by
extracts from the herb harvested just after the flowering stage. This is confirmed by
the results of our own study, where the highest level of free radical scavenging was
observed for extracts from the herb harvested in August, i.e. just after flowering.
Sharma et al. [36, 37] in their study prove that the DPPH radical scavenging
potential may also depend on the location of the plantation where the ashwagandha
is grown.

In the authors’ study, it was observed that the level of antioxidant properties of
the herb and roots of ashwagandha depended not only on the date of harvesting but
also on the type of solvent used to prepare the extracts.

The weakest free radical scavenging capacity was observed in aqueous extracts
compared to ethanol extracts, with alcohol extracts prepared with 70% ethanol
holding the highest free radical scavenging capacity, with values ranging from
19.80-78.11%. The aqueous extracts had the weakest oxidative properties. The
degree of DPPH radical reduction for these samples ranged from 8.5-38.10%. In
a study by Dhanani et al. [38], the aqueous extracts of W. somnifera also obtained
the lowest free radical scavenging activity compared to the alcoholic extracts.
The results of our study are also consistent with the study of Ezaez et al. [39],
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who observed the highest DPPH scavenging potential in methanolic extracts
(81.98 + 0.49%), followed by acetone extracts (62.57 + 1.14%) and the lowest in
aqueous extracts (53.72 + 1.32%).

90
80
70
60
50

4
3
: I I
10
1 I“I

VI X VI X

o o o

% of DPPH radical inhibition

o

herb roots

mwather ®methanol 30% methanol 50% ®methanol 70%

Figure 2: Effect of aqueous and alcoholic extracts on the antioxidant properties of the herb and
roots of ashwagandha at different harvest dates.

Conclusion

In conclusion, the results of the pilot study on the cultivation of ashwagandha
on raised beds using the permaculture method under the conditions of the
Subcarpathian Voivodship, it can be stated that this method developed favourable
soil conditions for the cultivation of this species, which brought tangible
benefits in the form of high herb and root yield. The herbs, as well as the roots
of ashwagandha, hold antioxidant properties, and their level depended on the
harvest date. The highest level of antioxidant properties was observed in samples
of the herb harvested in August, i.e. on the first harvest date. The collected roots of
ashwagandha were also characterised by different levels of antioxidant properties
in the different harvest dates.

Notably, the highest level of antioxidant properties was recorded in root samples
collected at the end of the ashwagandha vegetation period, i.e. at harvest date II.
It was also observed that the level of antioxidant properties of the herb and the

17
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roots of ashwagandha depended on the type of solvent used to prepare the extracts.
However, further research in this direction is required for the results obtained to
provide implementation instructions for the cultivation of this species.

Several years of research results will allow the development of a detailed
cultivation technology under permaculture cultivation conditions, and will also
indicate the optimum time for harvesting the herb and roots, in order to obtain
a raw material with the highest antioxidant properties. Continued research on
ashwagandha should in future also include traditional field cultivation and the size
and quality of the raw material obtained. It also seems necessary to determine the
withanolides in the herb and roots of ashwagandha depending on the cultivation
technology used.

Publikacja w ramach projektu badawczego pn. ,,Rola roslin zielarskich i barwier-
skich w ekologicznym systemie gospodarowania”, dofinansowanego ze srodkéw
Ministra Nauki i Szkolnictwa Wyzszego w ramach programu pn. ,Nauka dla Spo-
teczeristwa II”.
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