
Article

Garlic ( Allium sativum L.) Cultivation 
Using Vermicompost-Amended Soil as an 
Aspect of Sustainable Plant Production

Pączka, Grzegorz, Mazur-Pączka, Anna, Garczyńska, Mariola, 
Kostecka, Joanna and Butt, Kevin Richard

Available at http://clok.uclan.ac.uk/40125/

Pączka, Grzegorz, Mazur-Pączka, Anna, Garczyńska, Mariola, Kostecka, Joanna
and Butt, Kevin Richard ORCID: 0000-0003-0886-7795 (2021) Garlic ( Allium 
sativum L.) Cultivation Using Vermicompost-Amended Soil as an Aspect of 
Sustainable Plant Production. Sustainability, 13 (24). e13557.  

It is advisable to refer to the publisher’s version if you intend to cite from the work.
http://dx.doi.org/10.3390/su132413557

For more information about UCLan’s research in this area go to 
http://www.uclan.ac.uk/researchgroups/ and search for <name of research Group>.

For information about Research generally at UCLan please go to 
http://www.uclan.ac.uk/research/ 

All outputs in CLoK are protected by Intellectual Property Rights law, including
Copyright law.  Copyright, IPR and Moral Rights for the works on this site are retained
by the individual authors and/or other copyright owners. Terms and conditions for use
of this material are defined in the policies page.

CLoK
Central Lancashire online Knowledge
www.clok.uclan.ac.uk

https://clok.uclan.ac.uk/policies.html
http://www.uclan.ac.uk/research/
http://www.uclan.ac.uk/researchgroups/


sustainability

Article

Garlic (Allium sativum L.) Cultivation Using
Vermicompost-Amended Soil as an Aspect of Sustainable
Plant Production
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Abstract: To achieve higher yields and maximum plant growth, excessive amounts of inorganic
fertilisers are often applied to soils, affecting human and animal health and leading to the degra-
dation of environmental resources. The use of organic fertilisers is proposed as an alternative to
mineral fertilisation. One of the more frequently used organic fertilisers is vermicompost, which
contains nutrients for plants in readily available forms and is characterised by the slow release of
macronutrients and microelements into the soil environment. In a two-year field study, an attempt
was made to use vermicompost produced from the waste mass of littoral plants as a soil amendment
in the cultivation of garlic (Allium sativum). The experiment was conducted on raised beds with
three treatments which were substitution of 10%, 25% and 50% vermicompost (V10, V25 and V50,
respectively) to a heavy clay soil (SL), that with no addition acted as a control. Results showed that
the 50% vermicompost addition had the most beneficial effect on selected (from a practical point of
view) plant traits (e.g., diameter and mean bulb weight, mean number of cloves per bulb and mean
clove weight, and mean yield), as well as on the content of macronutrients and microelements in
garlic cloves. Lowest values of the analysed traits for A. sativum were found in the SL control group.
No significant differences were found for the analysed parameters in the aboveground parts of plants
in all the applied substrates.

Keywords: A. sativum; plant growth; plant nutrients; substrate construction; vermicompost

1. Introduction

Crop production strategy should be based on increasing soil productivity without
compromising environmental quality and maintaining a balanced system of soil-plant-
environment linkages [1]. As reported by Stewart et al. [2] and Dauda et al. [3], excessive
amounts of inorganic fertilisers are applied to soils to achieve higher yield and maximum
plant growth value. When applied in their pure form without the addition of organic
components, these fertilisers can adversely affect human and animal health and lead to the
degradation of environmental resources [4].

In the last decade, urban agriculture, which is defined as the production of food
(mainly crops) within a city or village, contributing to resources produced for the local
community, has become increasingly common [5]. In addition to providing food, this
local form of agriculture also offers benefits such as recycling and reusing organic waste
and water [6]. To improve plant growth conditions and optimise the use of the often
small, cultivated area, local farmers and gardeners often adopt raised bed crop production
systems [7]. Raised beds are constructed above the ground surface, in the form of a frame
made of various materials and filled with a growing substrate [8].
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One of the world’s twenty most important and frequently grown vegetables with high
fertiliser requirements is garlic (A. sativum) [9]. According to the FAO [10], approximately
10 million tonnes of garlic are grown worldwide annually. It is estimated that production
in Poland is maintained at a level of about 15–20 thousand tonnes and is carried out
on an area of about 3 thousand hectares, mostly in home gardens, on small areas [11].
According to Sachin et al. [12], the prevalence of small-scale garlic cultivation has made it a
more desirable crop production option to maximise qualitative and quantitative yield of
bulbs per unit area rather than to increase the cultivated area. Worldwide, the economic
importance of this spice crop has increased significantly in recent years. It has been shown
that garlic has antibacterial and antiparasitic effects, strengthens the body’s immunity,
has a beneficial effect on maintaining normal levels of cholesterol and lipids in the blood,
and shows anticancer effects [13]. Garlic and most species of the genus Allium have a low
capacity to absorb nutrients from soils due to a relatively underdeveloped root system.
Therefore, for proper plant development and high-quality yields, an adequate, balanced
supply of readily available nutrients is essential in cultivating A. sativum [14]. One of the
increasingly used organic fertilisers is vermicompost, which is characterised by the slow
release of macronutrients and microelements into the soil environment. The elements it
contains, such as nitrogen, phosphorus, potassium, calcium, and magnesium, are present
in forms that are readily available to plants [15]. Vermicompost has a crumbly structure
with high porosity, which promotes good aeration and high water holding capacity. This
affects the quality of root systems in plants and the development of soil microflora and
faunal activity that can affect the macronutrients and microelements content available to
plants [16]. Vermicomposts also have great potential in maintaining soil fertility as they are
a source of phytohormones such as auxins, gibberellins, and cytokinins [17,18].

Organic fertilisers are an excellent alternative to mineral fertilisation. It was shown
that fertilising garlic with wood ash and fermented manure produced garlic with low
moisture content in the bulbs, high pungency, and higher mineral content [14]. The positive
effect of manure compost on selected garlic traits (e.g., plant length, number of leaves,
bulb weight, number of cloves and weight of cloves) was shown by Shafeek et al. [19].
Alternatively, Zaller [20] showed the positive effect of vermicompost on selected tomato
traits (e.g., fruit firmness, glucose, and fructose content). Atiyeh et al. [21] showed that
the addition of vermicompost to the substrate positively affected seed germination and
plant seedling growth and development. According to Suthar [22], the application of
vermicompost increases the growth and productivity of common wheat. Kale et al. [23]
and Nethra et al. [24] showed positive effects of vermicompost on ornamental plants
(Callistephus chinensis) where vermicompost at a dose of 10t·ha−1 had a positive effect on
plant height, number of leaves and flowers. Kenea and Gedamu [25] argue that using good
quality vermicompost for fertiliser purposes is crucial to increase plant productivity while
minimising negative environmental impacts.

The aim of the present study was to evaluate the effects of using selected amounts of
vermicompost, produced from waste mass of expansive littoral plants, as a soil additive in
garlic (A. sativum L.) cultivation. A standard soil was used as a control with proportions
of the vermicompost (10, 25 and 50%) added as treatments. The objectives were to record
the quantitative effects of these additions on properties of the garlic produced. Specifically,
these were: (i) mean diameter and bulb weight, (ii) mean number of cloves per bulb
and mean clove weight, (iii) mean yield, and (iv) the content of macronutrients and
microelements in garlic cloves.

2. Materials and Methods
2.1. Vermicompost Production from Littoral Plant Residues

Vermicompost production was conducted according to the methodology proposed
by Pączka et al. [26] in vermireactors constructed from plastic boxes with dimensions
of 700 mm × 450 mm × 300 mm (length × width × height). Plant waste in the form of
cleaned and shredded waste plant biomass (Iris pseudacorus L. and Ceratophyllum demersum
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L. in a 1:1 ratio) obtained during mowing and cleaning of the littoral zone of a dam
reservoir was placed in the prepared vermireactors and only sexually mature earthworms
(Eisenia fetida), with an initial total biomass of 5.0 ± 0.5 g dm−3 waste, were introduced.
The vermireactors were protected from above with cardboard to prevent soil drying and
nylon netting to prevent the escape of the earthworms. The vermicomposting process was
conducted in an air-conditioned chamber at a temperature of 20 ± 0.5 ◦C. To maintain
the appropriate humidity inside the vermireactors, they were moistened with tap water
every ten days. After completion of the vermicomposting process, the vermicompost was
separated from the biomass of earthworms and cocoons and it was left (in a shaded place)
for a period of one month.

2.2. Experimental Design

Effects of generated vermicompost on selected aspects of A. sativum were studied
under field conditions using raised beds. Winter garlic of the Harnaś cv. obtained from
the Department of Breeding and Seed Production POLAN constituted the plant material
for the study. Four experimental combinations were established. These were a control
group of standard agricultural soil (SL), plus 3 treatments where different proportions of
vermicompost were added to the soil: V10 = 10%, V25 = 25%, V50 = 50% of vermicompost,
added to the soil.

The standard soil was collected from an area used for agricultural production lo-
cated near Tyczyn (south-eastern Poland) and classified as heavy loam (<0.02 mm fraction
content—37.9%) [27]. Vermicompost from waste of littoral plants was produced at the Insti-
tute of Agricultural Sciences, Land Management and Environmental Protection, University
of Rzeszów. The content of macronutrients and microelements in the applied substrates is
presented in Table 1.

Table 1. Content of macronutrients and microelements in the given growth media—details in text (mean ± standard
deviation based on five samples).

Parameter. Units Soil (SL) Vermicompost V10 V25 V50

C

m
g

kg
−

1
(d

m
)

5207.1 ± 98.4 a 72,556.7 ± 2995.9 b 12,133.4 ± 541.1 c 22,897.4 ± 772.3 d 38,507.1 ± 935.4 e
N 822.6 ± 37.2 a 4792.3 ± 99.6 b 1189.9 ± 41.8 c 1841.6 ± 66.3 d 2874.2 ± 79.9 e
P 98.9 ± 11.3 a 3187.5 ± 38.8 b 410.4 ± 19.7 c 862.2 ± 23.5 d 1646.8 ± 26.1 e
K 126.8 ± 21.9 a 9972.7 ± 311.3 b 1132.7 ± 62.2 c 2581.7 ± 81.1 d 5058.9 ± 106.2 e
Ca 688.1 ± 30.5 a 36,337.1 ± 2296.8 b 4229.4 ± 99.8 c 9619.4 ± 322.7 d 18,474.5 ± 878.9 e
Mg 98.9 ± 12.2 a 4986.2 ± 211.7 b 587.3 ± 26.9 c 1322.5 ± 52.1 d 2549.4 ± 97.4 e
Cu 11.4 ± 2.2 a 24.9 ± 3.3 b 12.7 ± 2.4 ac 14.8 ± 2.5 c 18.3 ± 2.8 d
Mn 479.3 ± 25.1 a 4899.8 ± 177.5 b 925.1 ± 36.3 c 1586.7 ± 50.1 d 2687.2 ± 87.7 e
Zn 66.9 ± 7.4 a 131.4 ± 11.7 b 72.6 ± 7.9 ac 82.4 ± 9.2 c 98.9 ± 9.3 d
Cd 1.1 ± 0.1 a 0.15 ± 0.0 b 1.0 ± 0.0 a 0.9 ± 0.0 a 0.6 ± 0.0 c
Pb 13.7 ± 2.9 a 1.1 ± 0.2 b 12.4 ± 1.8 ac 10.6 ± 1.5 c 7.4 ± 1.1 d

C/N ratio - 6.33 ± 0.4 a 15.14 ± 0.5 b 10.2 ± 0.8 c 12.5 ± 0.5 d 13.4 ± 0.5 d
pH in H20 - 6.28 ± 0.27 a 6.41 ± 0.02 a 6.32 ± 0.2 a 6.35 ± 0.1 a 6.36 ± 0.1 a

Electrical
conductivity ms·cm−1 0.19 ± 0.002 a 2.79 ± 0.01 b 0.77 ± 0.01 c 1.41 ± 0.01 d 2.08 ± 0.01 e

Mean values in the same row followed by different letters are statistically different (p < 0.05).

Raised beds were constructed from wooden planks. They took the form of square
frames measuring 100 cm × 100 cm × 30 cm (length × width × height), which were
placed on a level, unshaded area 1 m from each other. The raised beds were filled with the
treatment substrates (to a height of 27 cm) prepared as specified. Healthy and uniform
garlic cloves with an average weight of 3.5 ± 0.1 g were selected and planted at a depth
of 6 cm, with a spacing of 25 cm between rows and 10 cm between plants, which in each
replicate (each raised bed) gave three rows with eight plants in each. Growing plants
were watered uniformly as required, at the same time keeping the substrate moist. No
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herbicides, fungicides, or chemical agents were introduced during cultivation, and manual
weed control methods were used. The experiment was conducted twice: from 25 September
2018 (planting) to 4 July 2019 (harvest) and from 20 September 2019 (planting) to 6 July
2020 (harvest) near the town of Tyczyn (south-eastern Poland; 49◦57.326′ N 22◦02.535′ E).
In both seasons, plants grew in newly prepared media. Mean monthly temperature and
mean monthly precipitation during the study period are presented in Figure 1a,b. The
experiment was conducted in 5 replications for each combination.
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During the study period, plant survival analysis was carried out. At the end of the
experiment, plants were selected and cleaned from the substrate by rinsing under running
water, and then, after drying in filter paper, whole plants and their above- and below-
ground parts were measured and weighed. Then, samples of garlic cloves were subjected
to physicochemical analysis to study the influence of the applied substrates on the content
of selected macronutrients and microelements in their biomass.

2.3. Physicochemical Analysis of Substrates and Plant Material

The total content of macronutrients (N, P, K, Ca, Mg) and microelements (Cu, Mn, Zn,
Cd, Pb) was determined in the growing substrate and plant material using the procedures
described in Ostrowska et al. [28]. Nitrogen was determined by the Kjeldahl method using
Kjeltec 8100 and 2006 Foss Tecator Digestor apparatus [28]. To determine other elements,
the organic test material was subjected to hot mineralisation at 210 ◦C in an open system
in a mixture of concentrated mineral acids HNO3:HClO4:H2SO4 in a ratio of 20:5:1 (soil
was mineralised in pure concentrated HClO4). Phosphorus was determined colourimetri-
cally by the vanadium-molybdenum method on a Shimadzu UV-2600 spectrophotometer,
while potassium, magnesium, calcium, and microelements and trace elements were deter-
mined by atomic absorption spectrophotometry using Hitachi Z-2000 [28]. Carbon was
determined using a Vario EL-CUBE elemental analyser (from Elementar Analysensysteme
GmbH). The pH of the soil substrates was determined by the potentiometric method at a
soil:water ratio of 1:2.5. Salt concentration was determined by the conductometric method.
The C/N ratio in the analysed substrates and plant biomass was calculated.

2.4. Statistical Analysis

All statistical analyses were expressed as the mean of five replicates using the com-
puter software package Statistica 13.1. Tukey’s t-test was used as a post hoc analysis to
compare the means. One-way analysis of variance (ANOVA) was used to test for significant
differences between treatments for the measured parameters and for significant differences
between macronutrient and microelement contents.
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3. Results and Discussion
3.1. Analysis of Selected Characteristics of A. sativum Relating to the Applied Growing Substrate

The application of vermicompost as an organic fertiliser in garlic cultivation had a
positive effect on selected (economically desirable) garlic traits: diameter and weight of
bulbs, average number and weight of cloves and average yield (Table 2, Figure 2a–c).

Table 2. Selected plant features for the given treatment growth media (as in Table 1)—Mean ±
standard deviation based on five replicates).

Plant
Features Year SL V10 V25 V50

plant
survivability

[%]

2019 82 82 85 85
2020 81 84 85 87

Mean ± sd 82 a 83 a 85 a 86 a

leaf length
[cm]

2019 33.2 ± 1.46 33.4 ± 2.52 34.3 ± 2.44 34.5 ± 2.26
2020 32.7 ± 1.68 33.6 ± 2.27 34.1 ± 2.83 34.3 ± 2.40

Mean ± sd 32.9 ± 1.52 a 33.4 ± 2.48 a 34.2 ± 2.69 a 34.4 ± 2.35 a

leaf No. [per
plant]

2019 7.1 ± 0.25 6.7 ± 0.26 7.1 ± 0.22 7.2 ± 0.28
2020 6.7 ± 0.29 6.8 ± 0.33 7.0 ± 0.29 7.1 ± 0.37

Mean ± sd 6.9 ± 0.28 a 6.8 ± 0.31 a 7.1 ± 0.26 a 7.2 ± 0.34 a

leaf weight
per plant [g]

2019 28.6 ± 3.97 28.4 ± 3.66 28.5 ± 4.58 27.4 ± 3.31
2020 27.9 ± 3.24 28.7 ± 4.14 27.8 ± 4.42 28.7 ± 3.42

Mean ± sd 28.3 ± 3.77 a 28.6 ± 3.89 a 28.2 ± 4.53 a 28.1 ± 3.38 a

bulb
diameter

[cm]

2019 3.9 ± 0.09 4.9 ± 0.23 5.3 ± 0.11 5.7 ± 0.13
2020 4.1 ± 0.11 4.8 ± 0.19 5.5 ± 0.21 5.6 ± 0.12

Mean ± sd 4.0 ± 0.09 a 4.9 ± 0.22 b 5.4 ± 0.14 bc 5.7 ± 0.12 c

bulb weight
[g]

2019 28.6 ± 0.63 41.7 ± 0.54 44.9 ± 0.41 60.5 ± 0.95
2020 29.2 ± 0.71 39.3 ± 0.40 45.8 ± 0.46 59.2 ± 0.83

Mean ± sd 28.9 ± 0.66 a 40.5 ± 0.48 b 45.4 ± 0.44 b 59.9 ± 0.91 c

No. of cloves
[per bulb]

2019 7.6 ± 0.81 8.3 ± 1.24 8.2 ± 0.88 9.9 ± 1.73
2020 7.9 ± 0.87 8.1 ± 1.38 8.2 ± 0.82 9.4 ± 1.59

Mean ± sd 7.8 ± 0.84 a 8.2 ± 1.30 a 8.2 ± 0.84 a 9.7 ± 1.67 b

mean weight
of cloves [g]

2019 3.3 ± 1.04 4.5 ± 1.17 5.0 ± 0.81 4.8 ± 1.39
2020 3.3 ± 1.09 4.4 ± 1.08 5.2 ± 0.88 5.0 ± 1.32

Mean ± sd 3.3 ± 1.07 a 4.5 ± 1.12 b 5.1 ± 0.84 b 4.9 ± 1.36 b

mean yield
[kg·m−2]

2019 0.56 0.82 0.92 1.23
2020 0.57 0.79 0.93 1.24

Mean ± sd 0.57 ± 0.05 a 0.81 ± 0.06 b 0.93 ± 0.05 b 1.24 ± 0.09 c
Mean values in the same row followed by different letters are statistically different (p < 0.05).

Significant differences between the SL control group and the combinations with
vermicompost were shown regarding mean yield (with the highest difference of 140% for
SL < V50; p < 0.05) (Table 2). Kenea and Gedamu [25], while investigating the effect of
vermicompost made from Lantana camara and Partinium hystrophorous with the addition of
manure on selected garlic traits, showed that at increased vermicompost share from 0 to
7.5 t ha−1, the average fresh weight of garlic increased by 9.5% compared to the control,
while a 3-fold increase in the vermicompost rate (from 2.5 to 7.5 t ha−1) resulted in a 20%
increase in A. sativum yield. A similar trend was shown in the present study, finding that
the average yield of A. sativum increased as the proportion of vermicompost in the growing
medium increased (V10 < V25 < V50) (Table 2).
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cross-section through bulbs, (c) size of individual cloves.

Sachin et al. [12], using vermicompost as the sole source of nitrogen in A. sativum
fertilization, obtained a yield of 7.6 t ha−1 with an average bulb weight of 22.78 g. The
same authors also showed that the addition of organic manure as a source of nitrogen
applied to soil had a more positive effect on the fresh weight and diameter of bulbs and the
average number and weight of A. sativum cloves, compared to plant traits obtained when
fertilised with vermicompost. On the other hand, the application of vermicompost had
a positive effect on the storage effect of garlic. Diriba-Shiferaw et al. [29], growing garlic
using inorganic fertilization, obtained a yield of 14.87 t ha−1, with an average bulb weight
of 18.55 g. Comparable results were obtained in the present study. Clark et al. [30] found
that yields of tomato, maize, and beans in environmentally friendly crops were comparable
with conventional crops. Although these authors showed that “organic” cultivation of
crops on a larger scale could be problematic due to the costs associated with weed control,
the expenses incurred were compensated by the premium crop prices obtained and the
high demand for such products.

Garcia et al. [31] claim that vermicompost effectively reduces soil salinity and improves
soil physical structure, both in laboratory and field experiments, and Aracon et al. [32]
presented the positive effects of vermicompost addition on selected biological and chemical
properties of soil. They showed that an increase in microbial activity positively affected the
rate of nutrient cycling, the production of materials regulating plant growth, and increased
their resistance and tolerance to pathogens. Tomati et al. [33] showed a high abundance of
bacteria, actinomycetes, and fungi, and a high concentration of plant hormones, such as
gibberellins, cytokinins, and auxins in sludge processed by earthworms. Thus, the higher
trait values of garlic bulbs grown here, in V10, V25 and V50 may have been influenced by
various factors, which include the slow and steady release of readily available nutrients
characteristic of vermicomposts during plant growth and increased biological activity,
which consequently led to adequate crop nutrition [34,35]. As reported by Phor et al. [36]
and Alam et al. [37], the availability of Zn with N and P also plays a vital role in the
growth of onion and garlic plants. Zinc deficiency resulted in growth inhibition, while
higher content of this element increased onion yield by 29% compared to control. In the
present study, the highest yield of garlic was obtained in the substrate with 50% addition
of vermicompost (V50), where the contents of Zn, N and P were 98.9 ± 9.3 mg kg−1,
2874.2 ± 79.9 mg kg−1, 1646.8 ± 26.1 mg kg−1 (Table 1) and were significantly (p < 0.05)
higher compared to the SL control group by 250%, 1560% and 48%, respectively (Table 2).
According to Nori et al. [38], nitrogen is essential to increase the yield and quality of garlic.
However, these authors showed that N levels below 200 kg ha−1 increased the average
number and weight of cloves and the weight and diameter of bulbs, while at higher N
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levels (300 kg ha−1), the yield of bulbs decreased in favour of increasing the length and
number of leaves. Phosphorus, in turn, is involved in every phase of plant cell growth. In
agriculture and horticulture, P is essential in nutrient management to achieve maximum
yields [39,40].

In the present study, some differences in plant survival rates were observed between
the crop groups, but they were not significant. However, this non-significant difference
with other A. sativum bulb traits (Table 2) was manifested in significant differences in
yield obtained (Table 2). Non-significant differences between groups were also shown for
mean leaf length, number, and weight (with mean differences between SL and groups
with vermicompost addition of 3.3%, 1.8% and 0.7%, respectively; p > 0.05) (Table 2).
Sachin et al. [12], conducting a study on the effect of nitrogen from organic and inorganic
fertilization on selected garlic traits, showed significant differences in plant height and the
number of leaves (per plant) between experimental groups. In contrast, Diriba-Shiferaw
et al. [41], using different multi-nutrient fertilisers in garlic cultivation, did not show
evident differences in the number of leaves produced by the plants but found significant
differences in their length. Similarly, Suthar [42], using vermicompost produced from
crop residues with cow manure in the cultivation of A. sativum, showed that an increase
in vermicompost dose affected the average leaf length but had no effect on the number
of leaves per plant. Alemu et al. [43], as a result of fertilizing garlic with vermicompost
produced from plant waste and cow manure, also showed no effect of vermicompost dose
on the number of leaves, whilst inorganic nitrogen application led to significant differences.

It should be noted that although winter garlic is characterised by high adaptability to
local growing conditions [44], the weight of bulbs produced, and the yield, can be signif-
icantly affected by climatic conditions [45]. Our results showed that climatic conditions
from both growth periods (2018/2019 and 2019/2020) (Figure 1) did not significantly affect
the selected traits of A. sativum (Table 2).

3.2. Analysis of Vermicompost Treatments on the Content of Selected Macronutrients and
Microelements in the Biomass of A. sativum Bulbs

As shown in Table 3, the content of macronutrients and microelements in garlic cloves
differed depending on the applied treatment. Significant differences were found in the
content of the analysed elements between plants grown in the control SL substrate and A.
sativum grown in combinations with vermicompost (the exception was the content of Cd,
where no significant differences were found between the treatments) (Table 3).

Table 3. Contents of macro and microelements (mg kg−1 (dm)) in biomass of A. sativum bulbs (mean
± standard deviation based on two test seasons (2018/2019 and 2019/2020) and five replicates for
each experiment).

Parameter Soil (SL) V10 V25 V50

N 20,124.2 ± 25.4 a 23,608.5 ± 23.1 b 24,759.1 ± 21.8 b 28,155.2 ± 19.3 c
P 2741.5 ± 11.8 a 3562.3 ± 11.4 b 4411.8 ± 13.5 c 5199.2 ± 11.2 d
K 17,433.8 ± 10.3 a 20,489.2 ± 12.6 b 20,952.1 ± 11.9 b 23,499.6 ± 10.1 c
Ca 3140.2 ± 21.2 a 5961.4 ± 10.7 b 7226.1 ± 10.4 c 7288.5 ± 11.5 c
Mg 670.8 ± 11.1 a 856.3 ± 10.3 b 891.2 ± 11.2 b 903.9 ± 10.9 b
Cu 6.1 ± 0.2 a 7.5 ± 0.2 b 7.8 ± 0.1 b 7.8 ± 0.1 b
Mn 8.5 ± 0.2 a 10.6 ± 0.2 b 12.1 ± 0.1 c 12.5 ± 0.2 c
Zn 27.1 ± 2.3 a 35.5 ± 1.5 b 36.1 ± 1.2 b 38.4 ± 1.5 b
Cd 0.5 ± 0.1 a 0.4 ± 0.0 a 0.4 ± 0.0 a 0.4 ± 0.1 a
Pb 3.84 ± 0.1 a 2.61 ± 0.1 b 2.55 ± 0.0 b 2.27 ± 0.0 b

Values followed by different letters in the same row are statistically different (p < 0.05).

Most elements’ highest content among vermicompost treatments was in plants grown
in 50% vermicompost addition (V50). The V50 group was characterised by a significantly
higher content of N, P, K as compared to the V10 and V25 groups (difference of 17%, 32%
and 14% on average, respectively; p < 0.05) and to the SL control (difference of 40%, 90%
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and 35% on average, respectively; p < 0.05) (Table 3). Ca and Mn contents were found to
be similar in plants grown in V25 and V50 treatments but, on average, were significantly
higher relative to SL and V10 groups (131% and 22% difference, respectively; p < 0.05).
No significant differences were observed regarding the contents of Mg, Cu, Zn, and Pb in
plants grown in treatments with different proportions of vermicompost (Table 3).

Described differences in macronutrient and microelement contents in garlic biomass
were likely caused by a higher nutrient content available to plants in substrates with a
higher proportion of vermicompost (Table 1). Barker and Pilbeam [46] reported that a good
supply of nitrogen stimulates plant root growth and development and uptake of other
nutrients, while phosphorus improves vegetable quality. According to Liu et al. [47], in
the genus Allium, nitrogen and sulphur interactions are also important, as they can affect
quality of the yield obtained (mainly flavour). As shown by these authors, inadequate N
and S reduced the flavour pungency of several onion cultivars. Coolong and Randle [48]
showed that N and S deficiencies reduced the amount of flavour components in onions.
In the present study, sulphur was not considered in the analysis of macronutrients and
microelements contained in soil and biomass of garlic bulbs, as the taste qualities of these
plants were not analysed.

Rizk et al. [49] showed that the application of N and P fertilization at 90 and 45 kg ha−1

resulted in the highest content of N, P and K in onion bulbs, compared to lower fertilization
rates. Bull et al. [50] reported that the increase in phosphorus content in garlic leaves was
significantly higher on sandy soils than on clay soils. These authors also stated that due to
the low mobility of P in soil, its position relating to roots had a significant influence on up-
take by plants, especially in soils with extreme P deficiency. In the present study, plants in
the control group (with the lowest P content in biomass) grew in heavy clay soil, while the
different proportions of vermicompost in the V10, V25 and V50 groups not only provided a
uniformly distributed, different (treatment-specific; Table 1) phosphorus content to the soil
but also changed the structure of the clay soil to a different extent. Vadala et al. [51] showed
ranges of K 5920–7041 mg kg−1, Ca 1723–1823 mg kg−1, and Zn 15.31–18.84 mg kg−1,
in garlic bulbs grown in different regions of Italy, which does not coincide with the re-
sults of the present study, since all treatments obtained higher elemental contents in the
biomass of A. sativum cloves (highest in the V50 group; K 23,499.6 ± 10.1 mg kg−1, Ca
7288.5 ± 11.5 mg kg−1, Zn 38.4 ± 1.5 mg kg−1) (Table 3). The accumulation of K by crop
plants is greater than that of any other soil mineral, except for nitrogen in some species.
Potassium is responsible for many physiological functions in plants. It helps in pH stabilisa-
tion and ionic regulation and is essential in plant water management [52]. K also increases
plant resistance to diseases and parasites [53]. As confirmed by Vadala et al. [51], the use
of appropriate fertilization can have a significant effect on selected garlic traits. A study
by Diriba-Shiferaw et al. [54] admittedly showed that supplementary fertilization could
significantly affect the chemical composition of garlic bulb, but only inorganic fertilisers
were used in the cultivation of A. sativum. The study by Yoldas et al. [55] showed that
organic fertilization in manure can play a significant role in obtaining good quantitative
and qualitative garlic trait values.

4. Conclusions

The present study was conducted to verify whether the quantitative addition of
vermicompost, produced from the waste mass of littoral plants, to mineral soil classified
as heavy clay, would affect selected garlic traits and the content of macronutrients and
microelements in their storage organs. From the results obtained, it can be concluded
that the applied treatments had no significant effect on plant survival and the analysed
parameters of the aboveground parts of A. sativum, i.e., the length, number, and weight
of leaves. However, plants grown in substrates with the addition of vermicompost V10,
V25 and V50 were characterised by significantly higher values of the analysed traits of
the bulbs/cloves compared to the SL control group. The most favourable research result
was shown for the cultivation combination with 50% addition of vermicompost to the soil
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(V50). This group included plants with significantly (p < 0.05) higher numbers of cloves
per bulb and bulb weight which, combined with the highest survival rate (p > 0.05), gave
the highest yield of 1.24 ± 0.091 kg m−2, 118% (p < 0.05) higher than the SL control and,
on average, 43% (p < 0.05) higher than V10 and V25. The V50 group also produced plants
with significantly (p < 0.05) higher N, P and K content in cloves. It is concluded that littoral
plant vermicompost can be used in horticulture or agriculture to grow plants to provide
nutrients and improve the structure and properties of local mineral soils.
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2004, 1, 3–11. (In Polish)
14. Babatunde, E.F.; Mofoke, E.A.L.; Udom, G.N.; Mohammed, G.U. Influence of Nutrient Source on the Elemantal Composition of

Irrigated Garlic. AgroSci 2009, 8, 45–50. [CrossRef]
15. Talashilkar, S.C.; Bhangarath, P.P.; Mehta, V.B. Changes in chemical properties during composting of organic residues as influenced

by earthworm activity. J. Indian Soc. Soil Sci. 1999, 47, 50–53.
16. Edwards, C.A.; Burrows, I. The potential of earthworms composts as plant growth media. In Earthworms in Waste and Environmental

Management; Edwards, C.A., Neuhauser, E.F., Eds.; SPB Academic Publishing: The Hague, The Netherlands, 1988; pp. 21–32.
17. Grapelli, A.; Tomati, U.; Galli, E.; Vergari, B. Earthworm casting in plant propagation. HortScience 1985, 20, 874–876.
18. Tomati, U.; Galli, E.; Grappelli, A.; Dihena, G. Effect of earthworm casts on protein synthesis in radish (Raphanus sativum) and

lettuce (Lactuca sativa) seedlings. Biol. Fertil. Soils 1990, 9, 288–289. [CrossRef]

http://doi.org/10.2134/agronj2005.0001
http://doi.org/10.1007/s13593-013-0156-7
http://doi.org/10.1017/S1742170514000131
https://getd.libs.uga.edu/pdfs/cudnik_jessica_l_201405_ms.pdf
http://faostat3.fao.org/browse/O/OC/E
http://doi.org/10.4314/as.v8i1.44113
http://doi.org/10.1007/BF00634102


Sustainability 2021, 13, 13557 10 of 11

19. Shafeek, M.R.; Ali, A.H.; Mahmoud, A.R.; Hafez, M.M.; Rizk, F.A. Improving growth and productivity of garlic plants (Allium
sativum L.) as affected by the addition of organic manure and humic acid levels in sandy soil conditions. . Int. J. Curr. Microbiol.
Appl. Sci. 2015, 4, 644–656.

20. Zaller, J.G. Vermicompost in seedling potting media can affect germination, biomass allocation, yields and fruit quality of three
tomato varieties. Eur. J. Soil Biol. 2007, 43, S332–S336. [CrossRef]

21. Atiyeh, R.; Edwards, C.; Subler, S.; Metzger, J. Pig manure vermicompost as a component of a horticultural bedding plant
medium: Effects on physicochemical properties and plant growth. Bioresour. Technol. 2001, 78, 11–20. [CrossRef]

22. Suthar, S. Effect of vermicompost and inorganic fertilizer on wheat (Triticum aesticum) production. Nat. Environ. Pollut. Technol.
2006, 5, 197–201.

23. Kale, R.D.; Bano, K.; Sreenivasa, M.N.; Bagyaraj, D.J. Influence of worm cast on the growth and mycorrhizal colonization of two
ornamental plants. South Indian Hortic. 1987, 35, 433–437.

24. Nethra, N.N.; Jayaprasad, K.V.; Kale, R.D. China aster (Callistephus chinensis (L.) Ness) cultivation using vermicompost as organic
amendment. Crop. Res. 1999, 17, 209–215.

25. Fikru, T.K.; Fikreyohannes, G. Effect of vermicompost on growth, quality and economic return of garlic (Allium sativum L.) at
Haramaya District, Eastern Ethiopia. Afr. J. Agric. Res. 2019, 14, 2159–2167. [CrossRef]
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