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a b s t r a c t

The activity of earthworms in an agricultural field and botanical garden was substantiated. Samples of
vermicast produced by earthworms along with the soil were collected from an agricultural field (con-
ventional farm) and a botanical garden and their genotoxic assessment were observed on the root tips
cells of Allium cepa. The mitotic index (MI) was increased in both vermicast samples compared to soil.
However, the mean (±SE) MI was greater in the vermicast (13.93 ± 0.67) collected from the botanical
garden compared to the agricultural vermicast (11.40 ± 0.51). Chromosomal aberration levels were
greater in the soil of the agricultural field (14.88%) compared to soil from the botanical garden (9.11%),
whereas a reduction in chromosomal aberrations was observed in the vermicast of both sites. The
number of earthworms was less on the conventional farm (18 earthworms/1800 cm2 area) compared to
the botanical garden (72 earthworms/1800 cm2 area). Thus, this study showed that the activity of
earthworms was less in an agricultural field where there may have been more application of chemical
fertilizers and pesticides compared to a site using more organic manure with reduced genotoxicity.
Copyright © 2018, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Sustainable agriculture is the production of food from plant or
animals by using different agricultural techniques that protect
public health, human communities, the environment and animal
welfare (Datta et al., 2016). During the green revolution, an exten-
sive quantity of chemical pesticides and fertilizers were used to
boost the crop yield from agricultural land but during the last four
decades, the quality of the soil has reduced (Gupta et al., 2014;
Vanita et al., 2014; Datta et al., 2016).

A sustainable solution to overcome the hazardous effects of
modernized agriculture is to develop a farming system which is
economically productive and long-lasting by simple and inexpen-
sive practices involving the introduction of earthworms. Earth-
worms have the ability to digest and convert low quality organic
alsa College, Amritsar, Punjab,
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matter into a nutrient rich product by developing a mutualistic
relationship with soil microflora (Singh et al., 2014). The feeding
and casting activities of earthworms deposit organic remains into
the soil and this activity also enhances nutrient cycling and im-
proves soil structural development (Datta et al., 2016; Singh et al.,
2016a). The vermicast egested by earthworms is more stable than
the soil and also contains certain inorganic and organic materials,
enzymes, microorganisms and plant growth hormones acquired
during the passage of soil aggregates through the gut of the
earthworm (Tersic and Gosar, 2012). The cast egested by earth-
worms also improves the physicochemical characteristics of the
soil (Chaoui et al., 2003). In addition, earthworm cast also increases
plant dry weight, plant nitrogen uptake and provides a better root
growth medium by improving soil porosity (Scott et al., 1996).
Agricultural soils are increasingly becoming contaminated by
anthropogenic activities and this can cause severe health risk to
humans. For example, Lagerlof et al. (2002) reported that the
population density of earthworms was lower and less diverse in
arable soil compared with uncultivated habitats. The Allium cepa
test was also used to detect the presence of harmful pollutants in
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soil and water (Leme and Marin-Morales, 2009). This sensitive test
is an alert system to assess the genotoxic potential of soil and other
industrial wastes (Ansari and Malik, 2009; de Souza Pohren et al.,
2013; Bhat et al., 2015).

In a previous study, Singh et al. (2016a) compared the physi-
cochemical properties of vermicast and soil from an agricultural
field and a botanical garden and also reported the effect of different
agricultural management practices such as ploughing and the
application of chemical fertilizers and pesticides on the activity of
earthworms. The botanical garden and agricultural field were
chosen for the study because in the botanical garden only organic
manure was used for cultivation of flowering plants while con-
ventional farming methods used chemical fertilizers and pesticides
extensively in the agriculture field. In the present study, a geno-
toxicity assessment test was applied to the same samples of ver-
micast and soil. The objectives of the present study were: 1) to
investigate the effect of soil and vermicast on themitotic index (MI)
of the root tips cells of Allium cepa; 2) to study chromosomal ab-
errations in the root tip cells of Allium cepa exposed to soil and
vermicast; and 3) to study the activity of earthworms with regard
to genotoxicity reduction.

Materials and methods

Study site, sampling of soil and vermicast

The soil and vermicast samples were collected in duplicate from
the botanical garden (N 310 630 22.300, E 0740 870 15.200) at Khalsa
College, Amritsar, India and from a conventional farm (N 310 560

53.300, E 0740 590 29.200), Talwandi Rama village, Gurdaspur, India.
The coordinates were measured using a GPS system (Garmin 78)
(Singh et al., 2016a). The activity of earthworms is usually higher at
night and therefore vermicast was collected from the upper surface
of the soil early in the morning using a brush. Earthworm sampling
was also done using a hand sorting and digging method with a
quadrate of size 30 cm � 30 cm (1800 cm2). The soil and vermicast
samples were air-dried and stored in polythene bags. The physi-
cochemical properties of soil and vermicast samples from the same
sites have already been reported by Singh et al. (2016a).

Allium cepa test

The Allium cepa root chromosomal aberration test (in situ
treatment) was used to investigate the genotoxic potential of soil
and vermicast samples from the agricultural field and botanical
garden (Sharma and Sharma, 1980). The onion (Allium cepa) bulbs
were purchased from a local market. The bulbs were denuded and
scraped at the bottom to expose the root primordial. The denuded
onion bulbs were allowed to root directly for 48 h in soil and
vermicast samples contained in treatment glass jars (26 mm
height � 90 mm diameter) in triplicate (three onion bulbs for each
sample) at room temperature. Sand was used as a negative control.
After treatment, the root tips were washed, plucked and fixed in
Farmer's fluid (formed by mixing glacial acetic acid and ethanol
with a ratio of 1:3, respectively) for 24 h and then stored at 4 �C. The
slides of root tips were prepared by first hydrolyzing in 1N HCl for
1min and then transferring to awatch glass containing amixture of
1N HCl and aceto-orecin (1:9, respectively) and heating intermit-
tently for 2e3min. After 25e30min, the root tips were squashed in
a drop of 45% glacial acetic acid on a slide, covered and sealed with
dibutyl phthalate and xylene (DPX) solution. The slides were
labeled, scored and observed for different types of chromosomal
aberrations under a trinocular microscope (Olympus). About 450
dividing cells were scored per sample. The photographs were taken
with the help of MIPS (Multiband Imaging Photometer System)
camera fixed on the microscope. The mitotic index (MI) was
calculated using Equation (1):

Mitotic index ¼ Number of dividing cells
Total number of cells

� 100 (1)
Statistical analysis

Themitotic index datawere presented asmean± SE of triplicates.
One-way analysis of variance (ANOVA) was applied to compare the
MI in both soil and vermicast samples. The chromosomal aberrations
of soil and vermicast sampleswere presented as percentages and the
level of significance was determined using a chi-square test. Statis-
tical analysis was done with the help of Minitab software program
(version 14; Chicago, USA).
Results and discussion

Singh et al. (2016a) analyzed the physicochemical properties of
earthworm cast from an agricultural field and botanical garden and
compared the results with soils samples from the respective sites.
Study reported that pH, Total dissolved solids (TDS), EC, Ca, Na, Li, K,
and heavy metals were lower in the vermicast while organic carbon
(OC), P and N was more in the vermicast compared to the respective
soil. The effects of soil and vermicast of both conventional farm and
botanical garden on the MI of A. cepa root tip cells are shown in
Fig. 1. The MI increased significantly (p < 0.05) in both vermicast
samples compared to the respective soil samples. The percentage
increase in the MI in the botanical garden vermicast was
13.93 ± 0.67 compared to the botanical garden soil (10.51 ± 0.51)
while the percentage increase of MI in agricultural vermicast was
11.40 ± 0.51 compared to soil from the agricultural field
(8.43 ± 1.04). The number of earthworms was also less in the agri-
cultural field under conventional farming (18 earthworms/1800 cm2

area) compared to the botanical garden using organic manure
(72 earthworms/1800 cm2 area). Castellanos-Navarrete et al. (2012)
and Singh et al. (2016b) also reported that different agricultural
management practices affected the population density and biomass
of earthworms, with effects on cast production. Pelosi et al. (2015)
also observed that earthworm communities (abundance and
biomass) increased in organic farms compared to conventional
farms in two sampling periods. This high abundance and biomass of
earthworms in the soil maintain aerobic conditions which not only
favor degradation of contaminants but also facilitate the microbial
and biochemical activities in the soil (Datta et al., 2016). Campani
et al. (2017) also considered earthworms as a biomarker for sus-
tainable agriculture because they represent a strong means of
investigating the toxicity of agricultural land and of identifying
practices and products with low environmental input. The vermi-
cast egested by earthworms in the field is an ideal organic fertilizer
which is required by plants for their growth and prevents them from
harmful insect pests without polluting the environment (Joshi et al.,
2014). Suthar (2009) also reported that plants with vermicompost
treatment had higher values of various growth and yield parameters
compared to the values of these parameters from a chemical fer-
tilizer treatment.

The MI and levels of chromosome aberration are considered as
indicators of the genotoxic potential of various environmental pol-
lutants (de Souza Pohren et al., 2013). The cytotoxicity potential of
any chemical or soil can be determined by the increase or decrease
in theMI compared to the control (Radic et al., 2010). Interference in
the normal cell cycle and impaired cell proliferation result in a
reduction in the MI (Bhat et al., 2015). The results of the present
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Fig. 1. Effect of soil and vermicast on the mitotic index of the root tip cells of Allium cepa (where error bars indicates ± S.E.).
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study revealed a reduction in theMI and an increase in chromosome
aberrations of both soil samples from the agricultural field and the
botanical garden with respect to the control. The MI was reduced
more in agricultural soil compared to botanical garden soil which
may have been due to a higher application of chemical fertilizers
and pesticides in the agricultural field. The frequencies of different
types of chromosome aberrations in the soil and vermicast samples
of conventional farm and botanical garden are given in Table 1.
The chromosome aberrations were apportioned into physiological
aberrations (delayed anaphase, c-mitosis, laggards, vagrants, stick-
iness) attributable to spindle abnormalities and clastogenic aber-
rations (chromosomal bridges, chromosome breaks) attributable to
direct action on chromosomes (Fig. 2). The soil samples from both
the agricultural field and botanical garden induced significant
chromosomal aberrations (p < 0.01), whereas vermicast signifi-
cantly (p < 0.05) produced minimum chromosome aberrations
compared to the respective controls. The agricultural soil produced
the highest level of chromosomal abnormalities (14.88%), while the
level of chromosomal abnormalities in the garden soil was 9.11%
(Table 1). Vermicast collected from the botanical garden had the
fewest (6.68%) aberrations while vermicast from the agricultural
field had 8.0% aberrations. The level of c-mitosis was higher in the
agricultural soil than the control and other samples. Delayed
anaphase and c-mitosis were the most detected aberrations
Table 1
Chromosomal aberrations in the root tip cells of Allium cepa exposed to soil and vermica

Type of chromosomal aberration Sand (control) Agricultural soil Ag

Number of
aberrant cellsa

Number of
aberrant cellsa

Nu
ab

Physiological aberrations (PA)
c-Mitosis 2 20 6
Delayed anaphase 3 21 17
Laggard/s e 2 e

Stickiness e 6 2
Vagrant/s e 6 1
Total PA 5 55 26

Clastogenic aberrations (CA)
Chromatin bridge/s 1 11 10
Chromosomal break/s e 1 e

Total CA 1 12 10
Total aberrant cells (PA þ CA) 6 67 36
Aberration (%) 1.33 14.88** 8.0

Significance level was determined using a chi square test, * ¼ p < 0.05, **p < 0.01.
a Data obtained from 450 cells.
followed by chromatin bridges. The high numbers of physiological
aberrations (55) and clastogenic aberrations (12) in the agricultural
soil indicated that the agriculture soil had more genotoxic effects
compared to the botanical garden soil which could have been due to
the extensive use of pesticides and chemical fertilizers in the agri-
cultural field. Other researchers have also reported higher chro-
mosome aberrations in agricultural soils (Dragoeva et al., 2009;
Masood and Malik, 2013; Souza et al., 2013).

The vermicast samples from both the agricultural field and
botanical garden confirmed the genotoxicity reduction compared
to agriculture and botanical garden soil respectively. Genotoxicity
reduction by earthworms was higher in the botanical garden than
of the agricultural land because of the greater abundance of
earthworms in the botanical garden soil compared to the agricul-
ture land. The earthworms were more active in the botanical gar-
den than the agricultural field. The reduced activity of earthworms
in the agricultural field may have been due to different agricultural
practices and the extensive use of pesticides and chemical fertil-
izers. Thus, the feeding and casting activities of earthworms not
only increased the nutrient content of soil but also reduced the
toxicity which indicates that earthworms have a potential role in
sustainable agriculture. Thus, the feeding and casting activity of the
earthworms stabilized the soil and modified the physicochemical
nature of the soil, which was beneficial for the growth of the plants.
st.

ricultural vermicast Botanical garden soil Botanical garden vermicast

mber of
errant cellsa

Number of
aberrant cellsa

Number of
aberrant cellsa

6 7
20 16
e e

4 1
2 2
32 26

9 5
e e

9 5
41 31

* 9.11** 6.88



Fig. 2. Root tip cells of Allium cepa showing normal stages: (A) prophase; (B) metaphase; (C) anaphase; (D) telophase. Chromosomal aberrations: (E) delayed anaphase;
(F) c-mitosis; (G) stickiness; (H) bridge; (I) multiple bridges.
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The current results corroborate Bhat et al. (2015) who reported that
earthworms reduced the toxicity of wastes and had the ability to
detoxify contaminated soil. The increase in the MI and the decrease
in chromosomal aberrations in the vermicast samples of both the
agricultural field and botanical garden indicated that the earth-
worms had the ability to reduce the soil toxicity. Farmers must be
educated and made aware of the potential impact of using in-
secticides and pesticides in agricultural fields so that such use does
not harm the earthworm species. Earthworm-friendly agriculture
practices should be developed to maintain their population in the
soil for long-term soil productivity (Rajkhowa et al., 2015). The
presence of earthworms in soil improved the physicochemical
structure of the soil by increasing soil porosity and maintaining the
physical, chemical and biological properties of soil (Datta et al.,
2016) and thus plays an important role in sustainable agriculture.
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