World Applied Sciences Journal 20 (3): 344-353, 2012
ISSN 1818-4952

© IDOSI Publications, 2012

DOI: 10.5829/idosi.wasj.2012.20.03.2822

Cytogenetic Effect of Allelochemicals Brassica nigra L.
Extracts on Pisum sativum L.

Fawzia I. Mohamed and Zeinab M. EI-Ashry

Department of Genetics and Cytology, National Research Centre, Dokki, Giza, Egypt

Abstract: Allelopathic potential of mustard extracts (Brassica nigra L.) was studied. Aqueous extract of
mustard (Brassica nigra L.) at 0.25, 0.50 and 1% concentrations were applied to determine their effect on storage
pea seeds germination, mitotic division, meiotic division and cell cycle. Increasing concentration of
mustard extracts inhibited seeds germination. The data showed that mustard extract inhibited the cell
division and increased the percentage of chromosomal aberrations in both mitotic and meiotic cell divisions of
Pisum sativum plants. The lower percentage of mitotic index (MI) reached 7.44 and 7.99 % with 1% mustard
extract after pea storage for 3&6 months compared to control (9.73 and 9.08%), respectively. Also, mustard
extracts increased the percentage of chromosomal aberrations in mitoses which reached 14.92 and 12.94 % with
higher concentration (1%) and storage for 3&6 months compared with control 0.98, 0.48%. The value of the
meiotic abnormalities in pollen mother cells (PMCs) was 4.68 and 3.98 % after treated with 1% for storage 3&6
months as compared with the control 0.74 and 0.54 %. The types of abnormalities in both divisions were
disturbed chromosome, stickiness, lagging chromosome and bridges. The cytomertic analysis revealed marked
inhibition in the DNA synthesis in S phase and G, especially at treated with the highest concentrations of
mustard extracts and storage for 3&6 months. Cytomertic measurement showed accumulation of cells in the
G,/G, phase and 4C-DNA. The percentages of cells having 2C-DNA content decreased while the cells having

4C-DNA increased.
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INTRODUCTION

Many plant species are still unevaluated chemically
or biologically. Several studies regarding the action of
plant extracts against some phytopathogenic fungi have
been performed. The quality and quantity of the
biologically active compounds from the plant extracts
significantly depend on the species, the plant organ and
harvest time [1, 2, 3, 4]. Brassica species is a wild plant,
which are important oil seed crop and have potential for
use as green manure crops [5]. Members of Brassicaceae
have frequently been cited as allelopathic crop [6].
Allelopathy is an important interference mechanism
where in one plant releases bioactive chemicals into the
surrounding environment effect the growth of other
plants [7]. It plays a significant role in agro- ecosystems
and affects the growth, quality and quantity of product
[8, 9]. Action of allelochemicals in target plant is diverse
and affects a large number of biochemical reactions

resulting in modifications of variety processes. The
effects of allelochemicals action are detected at molecular,
structural, biochemical, physiological and ecological
levels of plant organization [10]. Jones [11] clearly defined
the botanicals and plant allelochemicals as semi chemicals
by organization for economic cooperation and
development. The all chemicals involved in species
communication (pheromones, plant extracts, plant
volatiles and natural oils) and exhibiting pest control
activities. Also, Gniazdowska and Bogatek [10] defined
allelopathic as plant to plant, plant to microorganism and
microorganism to microorganism interaction by chemicals
belonging to the secondary metabolites (allelochemicals).
Allelopathic compounds are released into the
environment and usually provoke inhibitory effects in
acceptor organisms.

Allelopathic compounds are chemical agents
produced by a certain organism, to affect the health,
growth, behavior, or population biology of organisms of
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other species [12]. The vegetable extracts and their
constituents can affect the life cycle of some insects and
these same extracts can also interfere with the seed
germination of some mono- and dicotyledonous [13, 14].
Allelopathy is one of the most important phenomenon
influencing natural ecosystems, it may be also considered
as a strategy of interference in competitive crop cultivars
[15]. Many allelochemicals, produced by numerous
species, are already known but in most cases, mechanism
of their action remains unknown. Allelopathy is the search
and development of new herbicides through the isolation,
identification and synthesis of active compounds from
allelopathic plants [16-19]. These compounds are often
referred to as natural herbicides.

Physiological effects of allelochemicals include
inhibition of photosynthesis and respiration, inhibition of
enzymes activities, or modification in tissue water content.
Little is known about cytological alterations induced by
allelochemicals. There are only a few information
describing modifications in morphology and structure
of plant cells after treatment with allelochemicals.
Allyl-isothiocyanates (ITC) isolated from black mustard
(Brassica nigra L.) residues inhibited establishment of
grass species. Other breakdown products of glucosinolate
like ionic thiocyanate (SCN-) inhibited the root or shoot
growth of many crop species [20]. It was also found in
many studies that allelochemicals, which inhibited the
growth of some species at certain concentrations, might
stimulate the growth of same or different species at lower
concentration [21]. The stimulatory (negative) allelopathic
effects of any plant on the other plant can be used to
develop ecofriendly, cheap and effective Green Growth
Promoter’s [22].

The present study was conducted to evaluate the
cytogenetic activities of aqueous extract concentration of
black mustard (Brassica nigra L.) in the root-tip cells and
pollen grains of storage seeds of Pisum sativum.

MATERIALS AND METHODS

Black mustard (Brassica nigra L.) seeds were
cleaned, air-dried and thoroughly ground to a fine
powder. The seed powder (250 g) was first extracted with
hexane (500 ml) to remove oil in Soxhlet apparatus for
110-115 h approx. The filtered seed meal was air dried for
overnight and extracted with 500 ml of water by placing
the mixture on shaker for about two nights. There after,
the extract was filtered through a filter paper to remove
particulate matter and the extract was dried by
evaporating on water bath. Firstly the extract was
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solubilized in DMSO and then distilled water was added
to make a total volume of 200 ml (stock). Fresh
concentrations were prepared daily for each experiment.
Then prepare different concentrations (0.25, 0.5 and 1%).
Pisum sativum seeds, were weighting one Kg and divided
into four groups. Three groups mixed with concentration
of 0.25, 0.5 and 1 % mustard extracts. Fourth group,
non-treated seeds used as control. The seeds aerated for
24 hrs at room temperature in order to dry and then stored
for three and six months under normal conditions.

Seed germination: At the end of the storage periods,
the seeds washed and soaked in tap water for 24hrs, then
germinated in rolls of filter paper moistened with tap
water. Three replicates were selected (15 seeds/replicate)
for each treatment and the control. The percentage of
seed- germination was estimated when the seedling was
three days old:

Germination ratio of tested plant

Relative germination Ratio (RGR) = x 100

Germination ratio of control plant

Percentage inhibition on germination of treatment
plants to control were calculated, using the following
formula as suggested by Sundra and Pote [23], Oyun
[24]and Sazada et al. [25]:

1=100 — (E2 100/E1)

where,

| % inhibition,

E1 = Response of control plant,
E2 = Response of treatment plant.

Mitotic Studies: At the end of the storage period, the
seeds washed and soaked in tap water for 24hrs, then
germinated in rolls of filter paper moistened with tap
water. The roots cut off when, 1.5-3.0 cm in length, fixed
in acetic acid-ethyl alcohol (1:3) v/v and hydrolysis in 1N
HCl for 10 min and stained using Feulgen squash
technique. Three replicates were selected for each
treatment and control and three roots were examined/
replicate. All experiments were conducted at room
temperature (22+1°C). The mitotic index and the mitotic
inhibition were estimated as follows:

No. of total dividing cells
No. of total counted cells

Mitotic index =

T Mitotic index in control- Mitotic index in treated
The mitotic inhibition = ( ) x 100

Mitotic index in control

Chromosome abnormalities were scored in the

pro- meta- and ana-telophase stage.
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Meiotic Studies: At the end of the storage period, the
treated seeds and control were soaked for 24 hrs in tap
water and planted in pots with control. Flower buds were
gathered. then fixed in Carnoy's and examined using the
acetio-carmine smear method [26]. Three replicates were
taken for each treatment and each replicate consisted of
3 plants. Abnormalities were counted the first and second
meiotic divisions.

Cell Image Analysis: Fixed roots of Vicia faba seedling
were stained by classical Feulgen stain. Image analysis on
root cell nuclei was performed on Leica quantum 520 with
a magnification power 40X. The organization, hard ware
and soft ware package of this analysis have been
described by Brugal [27]. The amount of DNA in the
nucleus, DNA poloidy level and different phase of cell
cycle were calculated. These include cells with DNA
amount less than 2C value, cells with 2CDNA (G/G,) cells
with 3C-4C DNA (S phase) cells with 4C DNA (G, phase),
cells with DNA amount more than the 4C value.

Statically Analysis: All cytological data were reported as
mean values and Standard Error (SE) of the mean. SPSS
computer software was used to estimate the t-test for
significance at p<0.05 and p<0.01 level.

RESULTS AND DISCUSSION

Seed Germination: The results summaries the effect of
mustard aqueous extracts on seed germination of
Pisum sativum L. demonstrated in Table 1. The inhibitions
of seed germination have been determined on aqueous
extract concentration and storage period. In addition, it
was determined that two storage time of Pisum sativum
showed varied germination rate at similar concentration of
aqueous extract. The relative germination ratio of seeds
decreased with increasing concentration of extracts.
The relative germination ratios of seeds are 48.42, 31.58
and 21.05 with 0.25, 0.50 and 1% of mustard as compared
with control 100 after storage for three months. At further
storage time for six months, the relative germination
ratio of treated seeds decreases than three months.
The percentages of inhibition on germination ratio
reached to 20.83, 31.25 and 58.33% after the seeds storage
for six months with 0.25, 0.50 and 1% of mustard extracts,
while the percentage of inhibition on germination after
storage three months were 51.80, 68.42 and 78.95% with
the same concentrations. This means that the degree of
inhibition on germination decreased as the decomposition
periods progressively increased. On the other hand, the
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percentage of inhibition on germination was high
percentage with high concentration 1% mustard extracts
in the seeds storage for three months.

The toxic effects of aqueous extract of mustard on
seed germination of Pisium sativum were evaluated.
Data on the effects of the aqueous extract on seed
germination of Pisum sativum showed in dose dependent
manner. Inhibition of seed germination in Pisum sativum
might be due to the present of allyl-isothiocyanates (ITC),
glucosinolate like ionic thiocyanate (SCN-) and volatile
compound. It might be also possible that the mechanism
of action of the aqueous extract. Chang and Miller [28]
support this similar study for black mustard extract on
Lentil plant.

The results indicated that aqueous extracts of
mustard at all concentrations markedly reduced the
percentage of seed germination of pea seeds compared
with the control. These results indicate that the inhibitory
effect of the mustard extract on pea seeds germination
agreed with several previous reports which noted that
barnyard grass possessed stronger resistance against
allelochemicals released by plants than did other weeds
[29-32]. Obviously, the degree of inhibition increased as
the concentration increased. Many studies suggested
that the degree of inhibition increases with increasing
extract concentrations [28, 32-35]. The reduction in
phytotoxic activity of the allelochemicals over time is
generally related to decomposition, moistly by soil
microorganisms [36, 37].

Mitotic Studies: The differences in mitotic index values
between control and treated P. sativum seeds with
different concentration and storage time of mustard
extract are presented in (Table 1). The mitotic index values
in the control are similar after storage times. Effect on the
mitotic index (MI) was decreased according to their
treatment concentrations and time of storage. At the end
of storage for three months, the lowest level of MI (7.44%)
was observed with 1% mustard extract where MI was
9.73% in control. At the end of the six months storage
period, the lowest level of MI (7.99%) was observed with
1% mustard extract where the control was 9.08%. With
increasing the concentrations at the same storage period,
there was statistically significant reduction of mitotic
index values at (P<0.01). Highly statistically significant
reduction of mitotic index values resulted at all
concentrations after 3 & 6 months storage periods
(Table 1). The degree of limit mitotic inhibition reached to
23.93% with 1% mustard extract and storage for 3 months.
After storage for 6 months, the percentage of limit mitotic
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Table 1: Relative germination ratio, Percentage inhibition of germination, mitotic index, percentage of limit mitotic inhibition and percentage of mitotic

phases and percentage of abnormal phases in pea root-tip meristems after seeds treatment with different concentration of mustard extracts and storage

for 3&6 months

Mitotic phases

Relative Prophase Metaphase Ana-telophase
Time of storage germination % of Inhibition % limited of
(months) Treatment % rate germination % MI+ SE Mitotic inhibition % % abn % % abn % % abn
Three Control 100 0.00 9.78+0.17 0.00 39.77 0.0 26.14 217 39.09 1.00
0.25 48.42 51.80 8.39+0.31* 14.21 38.41 0.0 26.49 20.00  35.10 11.23
0.50 31.58 68.42 8.29+0.21** 15.24 41.87 0.0 20.47 23.68  37.66 16.92
1.00 21.05 78.95 7.44+0.21%* 23.93 40.31 0.0 20.88 3438  38.81 17.31
Six Control 100 0.00 9.08+0.14 0.00 36.67 0.0 27.75 132 3557 0.68
0.25 79.17 20.83 8.61+0.16%* 5.18 40.65 0.0 24.52 18.42 3483 11.11
0.50 68.75 31.25 8.33+0.05%* 8.26 39.33 0.0 23.34 28.00 3733 14.29
1.00 41.67 58.33 7.99+0.31%* 12.52 40.33 0.0 22.95 3030  36.72 15.69

*Significant at level (P<0.05), **Significant at level (P<0.01)

inhibition slightly improved and reached to 12.52 %. This
means that long periods of storage were improved the
mitotic index.

From the results obtained the cytogenetic analysis
indicated that mode of action for mustard extract toxicity
involved disturbance of mitotic processes and induction
of cell division aberrations. In the present study, the
treatment of pea seeds induced a decrease in mitotic index
(Table 1). The reduction in mitotic index suggests that
exposure to mustard extracts led to cell cycle disturbances
and decreases in cell number entering mitotic division.
Due to the reduced number of dividing cells, mustard
extract might have effects on cell division of pea and
possibly be involved in blocking the DNA or protein
synthesis required for normal cell division process.
The inhibition of DNA or protein synthesis caused by
mustard extracts may be the reason for the reduction in
mitotic index.

The percentage of dividing cells in prophase,
metaphase, anaphase and telophase was demonstrated in
Table 1. For all treatment of concentrations and storage
time, the metaphase stages decreased but prophase
increase were observed. Data presented in Table 1
indicated that the percentage of abnormal phases, the
abnormalities was noticed in metaphases, ana-telophases.
The percentage of abnormalities in metaphase stage
reached to 34.38% with 1.0% mustard extract after seeds
storage for three months, while it reached to 30.30 % after
seeds storage for six months with the same
concentrations. The percentage of abnormal cells
accumulated in metaphase stage. The percentage of
abnormal cells in ana-telophases reached to 17.31 and
15.69% with treated seed of higher dose (1.0 %) mustard
extracts and storage for three and six months,
respectively. The mustard extract caused an increasing of
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aberration cells in root meristem cells in line with the
increase of the concentration when compared to the
control, yet it was also observed that these treatments
caused statistically significant decreases in MI (Table 1).

In all concentrations and periods of storage in the
study, various abnormal cells were observed. The highly
percentage of abnormalities reached to 14.92 and 12.99 %
with high concentration 1% of mustard extract and seeds
storage for three and six months compared to control 0.98
and 0.48 % respectively (Table 2). The observed
anomalies in the study were: stickiness, disturbed,
bridges, lagging and micro-nuclei (Table 2). Stickiness
reached to 40.25% after treatment of pea seeds with 1% of
mustard extract and storage for 6 months (Fig. la),
Disturbed chromosome reached to 44.59 % after treatment
with 1.0% of mustard extract and storage for three months
(Fig. 1c, d), bridge occurrence in anaphase and telophase
reached to 17.57 % after treated with 1.0 % of extracts and
storage for 3 months and lagging chromosome are 7.69 %
after the pea seeds treated with 0.5% and storage for 3
months (Fig. 1b).

These observations may be due to the nucleotoxic
action of the extracts or the disturbance of the formation
of spindle fibers during cell division, which leads to
chromosomal aberrations. Stickiness and clumping of the
chromosomes were some of the most common effects of
these extracts on the root tips of pea after treated seeds
and storage. Stickiness usually leads to the formation of
anaphase and telophase bridges and this end up
inhibiting post telophase, metaphase and cytokinins,
respectively and thus hampering cell division. Stickiness
might be due to the ability of the extracts to cause DNA
depolymerization = and  partial  dissolution  of
nucleoproteins, breakage and exchanges of the basic
folded units of chromatids and the stripling of the protein
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Table 2: Percentage of abnormal mitosis and the types of mitotic abnormalities in P. sativum root- tip meristems after —treatment with different concentrations

of mustard extracts and storage for 3& 6 months

Type of abnormalities relative to total abnormality

Time of storage (months) Treatment % % of abn +SE Disturbed Sticky Bridge Lagging

Three Control 0.98+0.81 -- -- -- --
0.25 9.48**+0.88 57.41 16.67 18.52 7.41
0.50 12.06**+ 0.50 44.59 29.23 18.46 7.69
1.00 14.92%%+0.58 - 3243 17.57 5.41

Six Control 0.48+0.22 -- -- -- --
0.25 8.39%*+(.38 39.89 39.78 15.76 4.57
0.50 11.87**+0.18 40.02 38.44 17.09 4.45
1.00 12.99%%+0.59 39.73 40.25 14.53 5.49

**Significant at level (P<0.01)

D

Fig. 1(a-d): Chromosomal abnormalities induced in root- tip meristems cells of Pisium sativum after seeds treatment with
mustard extracts and storage. (a): Sticky metaphase and sticky anaphase after treatment with 1% mustard
extracts for 6 months, (b): Disturbed metaphase after treatment with 0.5 %mustard extracts for 3 months, (c)
Disturbed anaphase after treatment with 1% for, (d): Anaphase with lagging after treatment with 0.5%

mustard extracts for 3 months

covering of DNA in chromosomes as also observed by
Onyenwe [38]. These abnormalities have also been
reported for several extracts and chemicals already
investigated [39, 40, 41]. C-mitotic effects were observed
with increase in concentrations of extract, Mitotic
irregularities, such as incomplete anaphases or unequal
distribution of chromosome to the daughter cells can
result in aneuploid or even euploid cell. In Anaphase,
when the two sets of chromosomes move to opposite
poles, the section of chromatin between the centromere is
stretched across between the poles, hindering separation
into new daughter cells [42].

In general, numerical and structural changes in
chromosomes are attributed to spindle failure leading to
c-mitosis, nuclear fragmentation, lagging chromosomes,
sticky chromosome and disturbed. Singh [43]. It is
believed that cytotoxic extracts may lead to aneuploidy,

doubled chromosome number, micronucleus formation
or nuclear bud at the next stage of cell division [44].
The results showed that chromosome stickiness was one
of the most frequent abnormalities induced by mustard
extract in the root-meristem cells of pea. Chromosome
stickiness causes extremely shortened and thickened
chromosomes that are found in metaphase and anaphase.
The presence of chromosome stickiness is an indication
of mustard extract affecting organization of chromatin and
suggests a possible role by which this cytotoxic agent
may impact the physical and chemical properties of DNA,
protein, or both, ultimately leading to improper folding of
chromatin [45]. The clastogenic effects caused by the
extracts included anaphase/telophase bridges,
chromosome fragments and sticky chromosome.
Babich et al. [46] reported that metaphases with sticky
chromosomes lose their normal appearance and appear to
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Table 3: Percentage of abnormal PMCs in meiotic division I and II in P. sativum plants and percentage of the different types of abnormalities in PMCs after

treatment with different concentrations of mustard extracts and storage for 3&6 months

% abn of PMCs + SE in

Type of abnormalities relative to
total abnormality

Time of storage No. of count
(months) Treatment % PMCs+SE % abn of PMCs + SE  Meiotic division1 ~ Meiotic division II Disturbed Sticky Bridge Lagging
Three Control 4342 0.74+ 0.11 0.59 0.87 - - - -
0.25 2690 1.99*%+ 0.31 2.06 1.83 24.53 50.94 18.87 5.66
0.50 2653 2.74*%%£0.28 3.13 2.50 19.18 5479 1644 9.59
1.00 2603 4.18%*£0.31 5.75 2.85 23.85 50.46 1834 735
Six Control 3749 0.54+0.15 0.47 0.38 - - - -
0.25 1753 2.24*%+0.78 3.62 1.58 28.21 56.41 12.82 256
0.50 1652 3.73%*+(.98 4.29 3.36 30.65 50.00 16.12 3.23
1.00 1703 3.98%*+(.85 5.69 2.80 30.88 4853 16.18 441

* Significant at level (P<0.05)
**Significant at level (P<0.0

B

C D

Fig. 2 (a-d): Chromosomal aberrations in PMCs. of Pisium sativum plants after treatment with mustard extracts. (a)Sticky
metaphase I after treatment with 1% for 3 months, (b) Anaphase I with lagging after treatment with 0.5 for
3months, (c) Sticky metaphase II after treatment with 1% for 6 months and (d) Anaphase II with bridge after

treatment with 1% for 6 months

have a sticky "surface" which causes chromosome
agglomeration, possibly due to effects on chromatin and
chromosome organization. Singh [47] stated that the
presence of chromosome fragments is an indication of
chromosome breaks and can be a consequence of
anaphase/telophase bridges.

Meiotic Studies: Seeds-treatment with mustard extract
and storage for three and six months induced statically
significant in the percentage of total chromosome
abnormalities, first and second meiotic division and types
of aberrations in the PMCs of P. sativum plant (Table 3).
The percentage of abnormal PMCs in the first meiotic
division was higher than that recorded in the meiotic
division II after all treatments. The percentage of abnormal
PMC:s in first meiotic division reached to 5.75 and 5.69 %
with 1%mustard extract after storage for three and six

months compare to control 0.59 and 0.47 %, but second
meiotic division reached to 2.85 and 2.80 % with the same
concentration and storage time. The most common
abnormalities were Stickiness, disturbed, anaphase and
telophase bridges and lagging chromosomes (Table 3 and
Fig. 2). The highest percentage of stickiness reached to
56.41% with 0.5% mustard extract after storage for six
months. The percentage of disturbed chromosomes
reached to 30.88 after treated with 1% mustard extract and
storage for six months. The highest percentage of bridges
reached to 18.87 with 0.5% mustard extract and storage for
three months. Also, highly percentage of lagging
chromosome found with 0.50 % mustard extract and
storage for three months 9.59 % (Table 3).

All mitotic and meiotic irregularities were observed in
these studies of the cytotoxic effects of mustard extract.
Chromosome stickiness was the most famous type of
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Table 4: Frequency of the cell cycle phases in the root meristem cells of P. sativum after seeds treatments with different concentrations of mustard extract and

storage for 3 and 6 months

Time of storage (months) Treatment % DNA <2C GO/G1 phase S- phase G2 phase DNA >2C
Three Control 22.20 42.86 26.70 6.52 -

0.25 20.09 48.93 21.81 2.50 2.63

0.50 22.64 49.05 24.53 3.77 -

1.00 21.81 56.00 18.69 4.66 3.33
Six Control 26.20 40.57 28.60 7.10 -

0.25 22.64 49.05 24.53 3.77 -

0.50 22.92 4791 2291 5.00 1.25

1.00 22.64 58.05 18.72 4.56 4.70

mitotic and meiotic irregularity that observed, which
indicate to its highly toxic and irreversible effect which
probably leads to cell death [48, 49]. The study indicated
that the toxic effect of mustard extract considered as a
result from chromatin irregularities that may lead to cell
death. These results are similar to the result of two seeds
extracts of Sorghum bicolor and Nasturtium officinale on
Vicia faba plant [50].

Effect on Cell Cycle: Data in Table 4 indicated that the
effect of mustard extract on the fraction of cell cycle
phases of pea seeds. The most evident effect of this
extract is the percentage of cells at the Go/G1 phases has
increase with increasing concentration and time of
storage. The percentage of cells in the DNA synthesis
period (S-phase) decrease with the increase of
concentrations and time of storage. Also, the percentage
of cells in the G2-phase was decreased. The results
obtained in this study cleared that the mustard extract act
as inhibitor of cell cycle at S phases transition point and
extended to G2 phase causing the recorded inhibition in
the mitotic index. The variation in the nuclear DNA
content related to the chromosomal aberrations was
observed (lagging, disturbed type of spindle). This
manifested by scoring of percentage of cells with DNA
amount less the 2C value or more than the 4C value
following treatment with mustard extract. The percentage
of the cells 2C (G,/G,) were decrease than the control.
The percentages reached 56.00 and 58.05 % after
treatment with the highest concentration of mustard and
storage for 3 and 6 months compared the control.

The percentage of cells 4C-DNA was increased by
increasing the concentrations and the time of storage.
Moreover, the percentage of S-phase progressively
decreased with increasing of mustard extract
concentrations and the time of storage. The percentage
reached 18.72 % after treated with 1 % mustard extract and
storage for 6 months compared with control (28.60 %).
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This result agree with that observed by Thomas et al.
[51], Bruce et al. [52], Abo-El-Kier and Abd-El-Shafy [53],
Lima et al. [54] and Abd-El-Hady and Barakat [55].

The present results indicated that mustard extract was
reduced the number of nuclei having 3C-4C DNA and
cells in G, phases. This means that mustard extract blocks
the cells in G,/G, phase causing inhibition of cell division
(MI). This result is agreement with those reported by
Polit et al. [56] who found that benzyl 6-aminopurine
increased the number of G, cells and reported that there is
a connection between phytohormones, gene expression
and cell cycles in plants [57]. Badr et al. [58] indicated
that the reduction of MI of Vicia faba roots by aflatoxin
may be due to inhibition of DNA synthesis and also
Kuras et al. [59] after treatment Allium cepa with bark
water extract. The variation in the nuclear DNA content
caused by mustard extract might be related to the
chromosomal aberrations which observed (fragments,
lagging and micro-nuclei in addition to disturbed type of
spindle). This aberration may lead to an unequal
distribution of genetic material in the daughter cells [60].
On the other hand, the fraction of cells in the DNA
synthesis period (S phase and G, phase) and 3C and 4C-
DNA decreased, where the replication of DNA and
protein synthesis take place.

CONCLUSION

Our results indicate that mustard crude extract was
inhibitor to germination. The experiments showed that
reduction in the effect of mustard extract increased
according to concentrations and period of storage.
Significantly higher frequencies of cells with mitotic
aberrations indicated the primary action of mustard
extract to involve chromatin organization and mitotic
spindles, leading to the induction of several abnormalities.
Mustard extract affected on PMCs. of P. sativum plant
after the seeds treated with 0.25-1% and storage for 3&6
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months. The percentage of abnormal PMCs in the first
meiotic division was higher than that recorded in the
meiotic division II after all treatments. The various
abnormal cells observed in mitotic and meiotic division.
Aberrant cells observed according to concentration and
time of storage of mustard extracts. The cytomertic
analysis revealed marked inhibition in the DNA synthesis
in S phase and G, especially at treated with the highest
concentrations of mustard extracts and storage for
3&6 months. Cytomertic measurement showed
accumulation of cells in the G,/G, phase and 4C-DNA.
The percentages of cells having 2C-DNA content
decrease while the cells having 4C-DNA increased.
These results indicated that the mustard extracts had a
toxic effect on germination, mitotic, meiotic divisions and
cell cycle. This means that using of mustard extract is not
safe.
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