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Abstract

Garden cress (Lepidium sativum L., Brassicaceae) is one of the most popular leafy vegetables which is widely used, and has
also various medicinal properties and industrial usage. Small and very delicate leaves of this short period and fast growing
species cause lots of crop losses along production to consumption; so it was supposed that increase in thickness and size of
the leaves via induction of polyploidy possibly will improve post-harvest quality. Primary trial proved that seed treatments,
via immersion of dry and wet seeds in different concentrations and durations of colchicine, were completely ineffective.
Thereafter dropping method was conducted on apical bud of cotyledon and two true leaf stages with different concentrations
of colchicine (0, 0.05, 0.1, 0.2, 0.5 and 0.75% w/v). Treatment on cotyledon stage was not fruitful because of sensitivity to
colchicine and dying of small seedlings; but apical bud treatment in two true leaf stage resulted in inducing some polyploid
plants. The best result was obtained by 0.5% colchicine concentration, inducing 9.33% tetraploid plants. Chromosome count-
ing and flowcytometric analysis of morphologically putative plants confirmed chromosome doubling in garden cress from
2n=2x=16 to 2n=4x=32. Tetraploid plants comparing diploid ones specified by increasing in leaf size and thickness,
stem diameter, stomata size, number of chloroplasts in stomata guard cells, seed weight and on the contrary, decreasing in
stomata count and height of plants, percentage of seed germination and also germination rate.

Key message
In this research, we have tested various methods and different levels of colchicine for the polyploidy induction in garden
cress, and the results of polyploidy induction have been studied.

Keywords Chromosome doubling - Flow cytometry - Lepidium sativum - Polyploidy - Stomata density

Introduction hepato-protective, anti hypertensive, diuretics, fracture and

respiratory disorder healing, anti-inflammation, laxative and

Garden cress (Lepidium sativum L.) is a diploid species
(2n=2x=16) from the family Brassicaceae. Easy grow-
ing, high nutrition value and light spiciness results in that
it is one of the most popular and widely consumed fresh
leafy vegetable. It is also very famous in folk medicine for
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many other therapeutic applications (Eddouks et al. 2005;
Gilani et al. 2012). It has the potential for biofuel usage
(Nehdi et al. 2012), because of the fast and short period
growing, as well. The genus Lepidium has several species
that are found in the most temperate and subtropical regions
(Wadhwa et al. 2012). Ethiopia is known as the primary
center of origin for L. sativum, but it is native to southwest
Asia where its cultivation started many centuries ago and
from where spread to Western Europe. Garden cress is a
very old crop and is known in various languages with dif-
ferent names include the Persian word Turehtezuk, the Latin
Nasturtium, the Greek Kardamon and Arabic Tuffa and Hurf
(Hernandez Bermejo and Estebanleon 1994).

Garden cress is an annual plant the basal leaves have long
petioles and leaf margin combination of smooth and slash
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(Wadhwa et al. 2012). The inflorescences are dense and
the flowers have white or pink petals (Grubben and Denton
2004). It can grow in any type of climate and soil condition
without extensive addition of fertilizers. Weeds also cannot
develop in garden cress field because of its fast germination
and growing.

Polyploidy has been identified as one of the important
factors in the evolution of plants (Stebbins 1971). Polyploidy
is unique field of plant breeding that has an important role in
creating morphological and physiological changes in plants
(Dhooghe et al. 2011). Ploidy manipulation is considered as
a valuable tool for generating diversity, which increases the
range of germplasm and provides the basis for plant breeding
(Madon et al. 2005; Nakano et al. 2006; Stanys et al. 2006;
Ye et al. 2010). Polyploidy probably can increase the size of
leaves, flowers, the thickness of the roots and the stress toler-
ance and also can change the color of the leaves and cause a
compact growth of the plant (Liu et al. 2007). Induction of
polyploidy via changes in cell division activities resulting in
the increase of nuclear DNA content (Sugiyama 2005), has
been introduced since many years ago (Blakeslee and Avery
1937). Polyploidy is a breeding tool to increase the diver-
sity of ornamental plants (Shao et al. 2003; Ye et al. 2010),
resistance to diseases and environment stresses (Zhang et al.
2010) and also increasing and variation in content of sec-
ondary metabolites (Jesus-Gonzalez and Weathers 2003;
Majdi et al. 2010; Moeini et al. 2013). Out of many applica-
ble methods for inducing changes in chromosome number,
the use of chemicals especially colchicine is a well-known
method (Jaskani et al. 2005; Thao et al. 2003). Colchicine
prevents the separation of chromosomes by connecting to
tubulin dimmers and preventing the formation of microtu-
bules (Dhawan and Lavania 1996; Petersen et al. 2003).

Small and very delicate leaves of garden cress cause lots
of crop losses along production to consumption; so in this
study induction of polyploidy was examined as a tool for
improving its quality via increasing leaf size and thickness
that morphological and cytological characteristics of the
plants are analyzed.

Materials and methods
Polyploidy induction

Six separate experiments were designed to induce poly-
ploidy. In the first and the second experiments dry and wet
seeds implemented by immersion in different concentra-
tions (0, 0.05, 0.1, 0.2 and 0.5% w/v) and durations (4, 8, 12
and 24 h) of colchicine in three replications using factorial
experiment based on completely randomized design. For the
third and the fourth experiments, at first seeds of garden
cress were germinated in cultivation trays in greenhouse at
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25 °C, then apical buds treated respectively in cotyledon and
two true leaf stages with dropping 5 ul of different concen-
trations of colchicine (0, 0.05, 0.1, 0.2, 0.5 and 0.75% w/v)
for three consecutive days. The experiments were designed
completely randomized and each replication contained 72
seedlings. At last because of ineffectiveness of primary dry
and wet seed treatments, they were repeated by higher con-
centrations of colchicine (0, 0.5, 0.75, 1 and 1.5% w/v) as
fifth and sixth experiments. Seedlings were grown in green-
house for 2 months until flowering and seed maturation.

Ploidy level assessment
Chromosome counting

Mature seeds of diploid and putative tetraploid plants were
germinated on damp filter paper in petri dishes at room tem-
perature. For somatic chromosome counting 0.5-1 cm long
fresh root tips were collected from quickly growing seeds.
Root tips were pre-treated with the 0.002 M 8-hydroxyqui-
noline for 5 h at 4 °C. The root tips were washed with dis-
tilled water three times (each 7 min) at room temperature.
They were fixed in fresh Carnoy Fixative (ethanol:glacial
acetic acid; 3:1) for at least 24 h at 4 °C. Fixed root tips
were subsequently washed three times with distilled water
and preserved in 70% (v/v) ethanol at 4 °C in refrigerator
until use. For cytological preparations, root tips hydrolyzed
in 1 M HCI for 10 min at 60 °C in water bath and 2% aceto-
carmine for 1 h were used as the stain for squash technique.
Images of the chromosomes were captured with a digital
camera (Sony, Japan) interfaced to a CX21 Olympus micro-
scope (Olympus Optical Co. Ltd., Tokyo, Japan).

Flow-cytometric analysis

After colchicine treatments, ploidy level of plants was inves-
tigated by the method described by Loureiro et al. (2007). To
extract plant nuclei, 25 mg leaf sample of L. sativum with the
same mass of Solanum lycopericum cv. Stupicke, as internal
standard (2C =1.96 pg DNA, DoleZel et al. 1992) was used.
Then 1 ml of Woody Plant Buffer (WPB) was added to a
petri dish containing the plant tissues, which was chopped
by a sharp razor blade in ice-cold nucleic extraction buffer of
Partec CyStain PI and filtrated through a 30 um nylon-mesh
(Partec, Miinster, Germany). The isolated nuclei by 50 pl of
RNase were added to prevent staining of double-stranded
RNA, followed by adding 50 ul staining solution propidium
iodide (PI, Fluka). The nuclei suspension was analyzed by
BD FACSCanto II flow cytometer (BD Biosciences, Bed-
ford, MA, USA) in order to determine genomic 2C DNA
content by using BD FACSDiva™ Software. To analyze
data were transferred to Flowing Software version 2.5.0
to be editable in Partec FloMax ver. 2.4e (Partec, Miinster,
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Germany). By using the method of Dolezel et al. (2003) and
Dolezel and Bartos (2005) the absolute DNA amount of a
sample was calculated based on the values of the G1 peak
means as follows: Sample 2C DNA (pg) = (Sample G1 peak
mean/Standard G1 peak mean) X Standard 2C DNA (pg).

Morphological and physiological measurements

Morphologic characters such as plant height, petiole diam-
eter, leaf area, leaf thickness, plant wet and dry weight, time
and period of flowering, 1000-seeds weight, percent and rate
of seed germination were measured. Furthermore leaf chlo-
rophyll content (CCI) was evaluated by SPAD-502 (Konica
Minolta). Density and dimensions of stomata were meas-
ured on the axial leaf epiderm by the nail varnish method
(Smith et al. 1989) using a Sony digital camera interfaced
to the CX21 Olympus microscope (Olympus Optical Co.
Ltd.) at x20 and X 100 magnification respectively, for 30
leaves from three confirmed diploid and tetraploid plants.
For chloroplast count in stomata guard cells Huaman (1995)
method was used. Pollen grains were collected from mature
flowers at anthesis and their diameters were measured at
% 100 objective under the light microscope for 30 samples.

Statistical analysis

Survival rate and tetraploidy induction which came from
influence of colchicine was evaluated by analysis of vari-
ance. Induction efficiency = % seedling survival X % tetra-
ploidy induction (Bouvier et al. 1994). Tetraploidy induction
efficiency was calculated. Induction efficiency for tetraploidy
ranges from O to 100, 0 shows no tetraploidy induction and
100 indicating that all plants are tetraploid. The average
(n=230) between diploid and tetraploid plants for width and
density of stomata, length, chlorophyll count in stomata
retaining cells, pollen grains size, fresh and dry weight, seed
weight, germination percentage, germination rate and CCI
by Student’s ¢ test was evaluated.

Results and discussion
Ploidy induction

As mentioned in materials and methods, dry and wet treat-
ment of seeds by different concentrations (0, 0.05, 0.1, 0.2
and 0.5% w/v) and durations (4, 8, 12 and 24 h) of colchi-
cine (first and second experiment), was completely ineffec-
tive. Seed treatment by higher concentrations of colchicine
(0, 0.5, 0.75, 1 and 1.5% w/v) also didn’t have any desired
result; however duration of colchicine treatment significantly
affected the rate of surviving plants (P <0.01). In other word
short time were ineffective and long time treatments had

dramatic destructive effect on germination. This adverse
result was not proposed before since seed treatment is known
as the most practical method for induction of polyploidy
in many plants (Omidbaigi et al. 2010; Quan et al. 2004).
Dhamayanthi and Gotmare (2010) emphasized seed treat-
ment was more efficient and reliable method in cotton as
compared to other seedling and cuttings treatments.

In dropping experiments, treatment on cotyledon stage
was not fruitful. Based on mean comparisons, 0.05 and 0.1%
colchicine treatment on apical bud in two true leaf stage had
not also any significant effect for induction of tetraploids
comparing to control, but 0.2 and 0.5% colchicine were
effective (Fig. 1a). The best rate of doubling occurred in
0.5%; however <40% of seedlings were survive in this con-
centration (Fig. 1b). Though the colchicine induction effi-
ciency, a defined index for considering seedling survival and
tetraploid rate induction concurrently, determines that 0.5%
colchicine was the most efficient treatment (Fig. 1c). Other
researchers have also used this index for tetraploid induction
analysis (Lehrer et al. 2008; Majdi et al. 2010). The inverse
correlation between colchicine concentrations and survival
rate observed in this study, which was confirmed by reports
from other plants (Chakraborti et al. 1998; Khosravi et al.
2008; Majdi et al. 2010; Moieni et al. 2013; Sikdar and Jolly
1994). Also in vitro-polyploidy induction on Trachysper-
mum ammi by applying 0.05% (w/v) colchicine for 24 h on
germinating seeds showed successful duplication of chro-
mosome number in tetraploid plants with 11.53% efficiency
(Noori et al. 2017).

Morphological and physiological measurements

Colchicine treatment reduced stem growth in the first month
after treatment, but after that, both treated and non-treated
seedlings grow similarly. Reducing the growth rate of plants
treated with colchicine in the first month after treatment may
be due to colchicine-induced physiological changes, which
reduces the amount of cell division. Initial backwardness
in growth has also been reported in other studies (Majdi
et al. 2010; Sikdar and Jolly 1994). The most of first leaves
of the tetraploid had a distorted appearance, but the sub-
sequent leaves seemed normal. Plant height, wet and dry
weight of diploid and tetraploid plants was significantly
(P <0.01) different (Fig. 2; Table 1). Petiole diameter, leaf
thickness and leaf area of tetraploid plants was also signifi-
cantly (P<0.01) different (Fig. 3; Table 1). The tetraploid
plants had larger and thicker leaves (Fig. 4). In most plants,
polyploidy induction creates larger reproductive and veg-
etative organs (Adaniya and Shira 2001). Derived plants
by increased biomass and secondary metabolites are often
more valuable for their improved fodder, ornamental or
medicinal features (Gao et al. 1996). Length and width of
stomata in tetraploid leaves were larger than those in diploid
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Fig. 1 Effects of colchicine dropping treatment concentrations on a
tetraploid induction, b survival seedlings and ¢ induction efficiency
in L. sativum. Means followed by the same letters are not significantly

Fig.2 Plant height of diploid (a) and tetraploid (b) L. sativum.
Bar=5cm

@ Springer

different according to T test (P>0.01). Bars represent means of three
replicates + SE

leaves (P <0.01; Table 1); nevertheless stomata density was
reduced to almost half in tetraploids (Table 1; Fig. 6). A
reduction in the stomata density in tetraploids was observed
in other plants as well (Chakraborti et al. 1998; Majdi et al.
2010; Omidbaigi et al. 2010; Pour Mohammadi et al. 2012).
Chloroplast number in stomata guard cells increased by
polyploidy. The number of chloroplasts in stomata guard
cells of tetraploid plants was obviously more and typically
doubled up diploids (Fig. 5; Table 1). Pollen grains were
significantly larger and furthermore seed weight increased
in tetraploids (P <0.01; Table 1; Figs. 7, 8). The enlarged
stomata, chloroplast number in guard cells, pollen grains,
seed weight, seed size, petiole diameter, flowering time and
period of induced tetraploid are also observed in other plants
(Majdi et al. 2010; Tavan et al. 2015; Thao et al. 2003).
It was reported increasing DNA content led to further cell
growth and increasing cell size in tetraploid Arabidopsis,
Mitracarpus hirtus and Artemisia annuain (Banyai et al.
2010; Breuer et al. 2007; Pansuksan et al. 2014).

There was no significant difference for chlorophyll con-
tent in diploid and tetraploid plants. Chlorophyll content has
been explored to be higher in polyploid plants comparing
with lower ploidy levels (Molin et al. 1982). However the
effects of increased ploidy level cannot be anticipated all
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Fig.5 Guard-cell chloroplasts of diploid (a) and tetraploid (b) L. sati-

Fig. 3 Petiole diameter and leaves of diploid (a) and tetraploid (b) L.
vum. Bars=10 um
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Fig.6 Stomata of diploid (a) and tetraploid (b) L. sativum.

Bars=20 ym

Fig.7 Pollen grains of diploid (a) and tetraploid (b) L. sativum.
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Fig.8 Seeds of tetraploid (a) and diploid (b) L. sativum. Bar=5 mm

Fig. 9 Metaphase chromosome
spreads of diploid 2x =16 (a)
and tetraploid 4x =32 (b) L.
sativum. Bars =20 pm
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the time; for example the chlorophyll content was reported
constant in different ploidy levels of Atriplex confertifolia
(Warner and Edwards 1989) and Acacia mearnsii (Mathura
et al. 2006) and even lower in tetraploid sugar beet genotypes
compared with diploid ones (Beyaz et al. 2013). Tetraploidy
induction caused decreasing in plant height, delay in flower-
ing and expanding the flowering period compared to diploids
(Table 1). Decreasing in height of induced polyploid plants
has been perceived before in Rudbeckia species and hybrids
(Oates et al. 2012), sugar beet (Beyaz et al. 2013) and Thy-
mus persicus (Tavan et al. 2015).

Tetraploid plants unlike diploids produced a few seeds
which had lower percentage and slower germination rate.
The mean germination rate were 76% and 4/16 in induced
tetraploid plants, while they were 98% and 5/20 in diploid
controls (P <0.01), respectively. It is determined that auto-
tetraploid seeds typically germinate slower than diploid
ones (Levin 2002). Polyploid watermelon seeds have poor
germination and low seedling vigor obviously (Jaskani
et al. 2006). Seeds by equal biomass of tetraploid plants
germinated faster and to a higher percentage than those from
diploid plants in Dactylis glomerata L. (Bretagnolle et al.
1995). Tetraploids in Vicia cracca L. had heavier seeds than
diploids and greater germination rates (ElidSova and Miin-
zbergova 2014).

Cytological studies

Although it was difficult to count very small-sized chromo-
somes in L. sativumin initial observations, repeated attempts
were shown the natural samples had a chromosome number
of 2n=2x=16 (Fig. 9a). Sharma and Sikka (1976) deter-
mined the chromosome number of L. sativum as 2n=16.
Johnston et al. (2005) in evolution of genome size in Bras-
sicaceae reported L. sativum 3n=24. Chromosome counts
for root meristematic cells of colchicine-treated plants
was significantly (P <0.01) increased evidently doubled
(2n=4x=32) in the induced tetraploid plants compared
with the diploids (2n=2x=16). Chromosome counting is
the most direct method for analysis of ploidy (Tang et al.
2010). Colchicine is an agent that inhibits the formation of
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spindle fibers and effectively arrests mitosis at the metaphase
stage which is used in plant breeding programs (Majdi et al.
2010; Pourmohammadi et al. 2012).

DNA content estimated using flow-cytometric (FCM)
analysis, confirmed the results of chromosome counting.
It was clearly determined in FCM histograms, associat-
ing the standard (Solanum lycopericum cv. Stupicke) and
garden cress nucleus peaks, chromosome duplication by
colchicine treatment was achieved (Fig. 10). According to
results the mean 2C DNA contents determined for diploid
and tetraploid plants 1.39 and 2.69 pg, respectively. The
mean CV for FCM measurements of both sample and ref-
erence standard plants were < 6%. Johnston et al. (2005)
was stated that Brassicaceae plants have a relatively narrow
range (0.16 pg<1C<1.95 pg) of DNA content. This is the
first report for quantifying the DNA content of L. sativum.

Conclusion

The study demonstrated that viable tetraploid plants with
superior characteristics, compared to diploid plants, could
be produced in garden cress. The trials indicated that the
time of colchicine treatment is very critical for effectiveness
of chromosome doubling induction in this plant. Seed treat-
ment by colchicine which is the most well-known manner in
many species, but didn’t work in garden cress at all, because
higher concentration colchicine had destructive effect and
prevented germination entirely. It may be interpreted in
relation to very fast germination of this species. Based on
this hypothesis, it is difficult to find the proper condition for
seed treatment in very fast germinating plants, though fur-
ther studies are necessary. Apical buds treatment with 0.5%
w/v colchicine in two true leaf stages with 5 pl of colchi-
cine by dropping method for three consecutive days induced
tetraploidization in L. sativum. The accurate morphological
assessment showed obvious differences which might be a

150 200 250 0 50 100 150 200 250

Relative nuclear DNA content

useful and confidential tool for determining ploidy level in
of plants. However the traits like size of leaves or seeds are
not certain enough but the number of chloroplasts in stomata
guard cells seems an easy and very reliable characteristic
for this purpose.

This is the first report of the successful induction of tetra-
ploids in L. sativum using colchicine treatment. As men-
tioned before small and very delicate leaves of garden cress
cause lots of crop losses along production to consumption.
Tetraploidy improved its quality via increasing leaf size and
thickness and hopefully it result in introduction of new lush
cultivar of this valuable leafy vegetable with better market
and consumption properties.
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