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Introduction

Urginea indica Kunth is a medicinal plant of the

Liliaceae family. It is a wild herb which is not

commonly cultivated on a larger scale. However, it is

being extensively used to cure many human diseases.

Therefore, to save and to produce genetically improved

varieties of this species effort is required to assess the

possibilities of inducing genetic variabilities, as the

genetic variability leads to the increased yield.

Mutation breeding is considered as an ideal tool for

inducing genetic variability in the plants, both through

chemical and physical mutagens. The chemical

mutagens are considered ideal for mutation breeding as

they induce mainly point mutations that produces

missense and nonsense mutations resulting in a series

of mutational changes. The cytological anomalies

induced by chemicals are reported to be the dependable

measure for estimating the effects of chemical

mutagens. Any cytotoxic and genotoxic result gives an

indication of mutagenic effects.

Therefore, in this research work, an attempt has

been made to find out the cytotoxic and genotoxic

effects of Ethyl Methane Sulphonate (EMS) on the

selected cytotype of Urginea indica. Ethyl Methane

Sulphonate (EMS) is a chemical mutagen being

extensively used to induce variability in the various

crops and plants causing point mutation. It is an

alkylating agent which shows pronounced cytological

aberrations.
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The bulbs of Urginea indica were collected from

Ranchi, Jharkhand. The selected type of species was of

hysteranthus variety and was named as Urginea indica

Cytotype II. The effects of EMS were observed on the

stomata for two generations (M1 and M2 generations).

The stomata are considered as one of the reliable and

stable criteria for the study of genetic variations in

plants. Stomatal variations among the species are of

taxonomic significance. The size of stomata is regarded

as the cytological criteria, which may show changes

due to mutagenic effects (Dewet, 1954).

Materials and Methods

Bulbs of Urginea indica Kunth were collected

from Birsa Agriculture University, Ranchi, Jharkhand.

The selected cytotype of Urginea indica used in

this research work was named as: Urginea indica

Cytotype II.

Chemical Mutagen, Ethyl Methane Sulphonate

(EMS) was used in this research work to treat the

selected cytotype of Urginea indica. Ethyl Methane

Sulphonate (EMS) is a mono-functional alkylating

agent, represented by a molecular formula C3H8O3S.

It is the ethyl ester of methane sulphonic acid and

exists as a colorless liquid at room temperature,

which is soluble in water and stable under normal

temperature and pressure (Akron, 2009). Among the

chemical mutagens, the alkylating agent Ethyl Methane

Sulphonate (EMS) is the most commonly used mutagen

in plants.

Five different concentrations of Ethyl Methane

Sulphonate (EMS) were prepared. All the concen-

trations were prepared under aseptic conditions.

Different concentrations of Ethyl Methane Sulphonate

(EMS) viz., 0.1%, 0.2%, 0.3%, 0.4% and 0.5% were

prepared from the 1% stock solution of Ethyl Methane

Sulphonate (EMS), which was prepared by dissolving

1 ml of Ethyl Methane Sulphonate (EMS) in 100 ml

distilled water. Fresh and healthy Urginea indica bulbs

of uniform size of the selected cytotype of Urginea

indica, Cytotype II, were treated with different concen-

trations of Ethyl Methane Sulphonate (EMS) for six

hours. Then the treated bulbs were thoroughly washed

in running tap water to remove the residual effect of

the chemicals used. The control and the treated bulbs

were grown in the experimental plots in the randomized

block design to raise M1 generation. The mature

leaves of Urginea indica Cytotype II were taken from

the plants raised from treated bulbs. The stomatal

studies of these leaves were done by mechanical

peeling off method. Length and width of stomata were

measured and stomatal index was obtained by using

the formula:

Number of stomata per unit area

SI = ----------------------------------------------------- x 100

Number of Epiermal cells per unit area +

Number of stomata per unit area

Results

The statistical data related to the effects of Ethyl

Methane Sulphonate (EMS) on Urginea indica Kunth

Cytotype II are depicted in the Tables 1 - 4; Figures. 1

- 6.

The effects of Ethyl Methane Sulphonate (EMS)

on stomata of Urginea indica were studied for two

generations. Stomata of both the surfaces of the leaves

at apex, middle and base portions were studied.

Variations were observed both in the stomatal index

as well as stomatal size after treatment with different

concentrations of EMS (Tables 1 - 4; Figures. 1-6).

When compared to the respective values in control of

Urginea indica Cytotype II, stomatal index on dorsal

surface of the leaf in M1 generation, was reported to

decrease at all the concentrations at apex portion of the

leaf. Similarly, at middle portion it was reported to

decrease at all the concentrations except at 0.4%
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concentration. At basal portion of the leaf, it was

reported to show increase at all the concentrations. On

the ventral surface of the leaf, stomatal index was

reported to increase at all the concentrations at apex

and base portion of the leaf. While at the middle

portion it was recorded to increase in all the

concentrations except at 0.4% concentration in M1

generation (Table - 1). In Urginea indica Cytotype II,

when the observed stomatal index value in M1

generation was compared to that in M2 generation, it

was noticed that it increased at all the concentrations at

apex, middle and base portions of the leaf on dorsal

Table – 1. Stomatal Index of dorsal and ventral leaf surfaces in Urginea indica Kunth Cytotype II after
treatment with different concentrations of Ethyl Methane Sulphonate (EMS) in M1 Generation.

Leaf surface Concentration Apex portion of leaf
Middle portion

of leaf
Base portion of leaf

Dorsal

Control 11.573 ± 1.044 10.564 ± 0.785 6.090 ± 0.595
0.1% 6.644 ± 0.780 6.391 ± 0.996 6.479 ± 0.855
0.2% 9.640 ± 1.324 8.950 ± 0.858 9.325 ± 1.395
0.3% 9.462 ± 1.541 9.085 ± 1.305 11.489 ± 1.278
0.4% 11.282 ± 0.859 11.349 ± 0.927 6.126 ± 0.606
0.5% 6.859 ± 0.707 7.941 ± 0.899 8.252 ± 0.950

Ventral

Control 11.766 ± 0.086 11.122 ± 0.782 6.576 ± 0.611
0.1% 12.512 ± 1.217 11.908 ± 1.503 14.518 ± 1.592
0.2% 15.244 ± 1.512 12.563 ± 1.807 10.178 ± 1.557
0.3% 17.386 ± 1.589 15.642 ± 1.940 15.350 ± 2.609
0.4% 14.824 ± 0.657 8.453 ± 0.980 10.314 ± 0.991
0.5% 19.237 ± 1.129 14.118 ± 1.944 12.664 ± 1.414

Values are  ± S.E of 10 - 10 observations

Table – 2. Stomatal Index of dorsal and ventral leaf surfaces in Urginea indica Kunth Cytotype II after
treatment with different concentrations of Ethyl Methane Sulphonate (EMS) in M2 Generation.

Leaf
surface Concentration Apex portion of leaf Middle portion of leaf Base portion of leaf

Dorsal

Control 11.573 ± 1.044 10.564 ± 0.785 6.090 ± 0.595
0.1% 13.266 ± 0.676 12.237 ± 0.672 13.467 ± 0.529
0.2% 14.466 ± 0.803 12.497 ± 0.420 14.072 ± 1.686
0.3% 12.230 ± 0.716 11.988 ± 0.589 10.542 ± 0.689
0.4% 13.197 ± 0.884 13.251 ± 0.634 15.786 ± 0.990
0.5% 9.739 ± 0.867 11.941 ± 0.647 11.381 ± 0.506

Ventral

Control 11.766 ± 0.086 11.122 ± 0.782 6.576 ± 0.611
0.1% 14.591 ± 0.816 11.901 ± 0.814 16.572 ± 0.910
0.2% 13.413 ± 0.852 10.981 ± 0.599 05.385 ± 0.422
0.3% 14.617 ± 0.597 11.355 ± 0.629 08.150 ± 0.841
0.4% 13.649 ± 0.627 13.611 ± 0.736 14.442 ± 1.188
0.5% 11.853 ± 0.774 14.223 ± 0.820 12.335 ± 0.548

Values are  ± S.E of 10 - 10 observations
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surface in M2 generation. At the basal portion of the

leaf it was reported to decrease only at 0.3% concen-

tration (Tables 1 - 2). On the other hand, stomatal index

on the ventral surface of the leaf in M2 generation was

reported to decrease at all the concentrations except

at 0.1% concentration at the apex portion of the leaf.

In Urginea indica Cytotype II, the value of the

stomatal index on the dorsal surface of the leaves

decreased at 0.1%, 0.2%, 0.4% and 0.5% concen-

trations at apex and middle portions of leaves in

M1 generation. Interestingly, it was found to increase

at the same concentrations (at the same portions of

Table – 3. Length and width of stomata (in μ) in dorsal and ventral leaf surfaces of Urginea indica Kunth
Cytotype II after treatment with different concentrations of Ethyl Methane Sulphonate in M1 generation

Leaf
Surface Concen

-tration
Apex portion of leaf Middle portion of leaf Base portion of leaf

D
or

sa
l

Length (μ) Width (μ) Length (μ) Width (μ) Length (μ) Width (μ)
Control 19.50 ± 0.391 13.10 ± 0.222 17.40 ± 0.601 14.50 ± 0.351 18.90 ± 0.434 13.80 ± 0.418
0.1% 19.40 ± 0.405 14.10 ± 0.330 17.20 ± 0.237 13.10 ± 0.263 15.40 ± 0.290 12.90 ± 0.299
0.2% 18.90 ± 0.222 11.40 ± 0.210 17.50 ± 0.406 13.70 ± 0.203 16.50 ± 0.324 12.10 ± 0.222
0.3% 17.20 ± 0.369 12.70 ± 0.247 17.90 ± 0.222 12.70 ± 0.285 16.20 ± 0.276 12.60 ± 0.253
0.4% 16.00 ± 0.200 14.50 ± 0.292 17.00 ± 0.316 12.60 ± 0.429 15.80 ± 0.237 13.00 ± 0.245
0.5% 17.30 ± 0.200 15.00 ± 0.347 17.40 ± 0.153 13.60 ± 0.290 16.20 ± 0.273 12.60 ± 0.155

V
en

tr
al

Control 17.40 ± 0.462 10.60 ± 0.320 20.60 ± 0.288 12.00 ± 0.282 20.10 ± 0.095 10.6 ± 0.320
0.1% 18.70 ± 0.634 13.00 ± 0.142 20.10 ± 0.263 13.50 ± 0.324 17.10 ± 0.411 13.30 ± 0.203
0.2% 19.60 ± 0.253 13.60 ± 0.352 18.00 ± 0.374 11.70 ± 0.145 18.50 ± 0.475 12.10 ± 0.359
0.3% 19.20 ± 0.237 12.30 ± 0.789 19.50 ± 0.292 12.40 ± 0.429 16.30 ± 0.285 13.20 ± 0.237
0.4% 16.50 ± 0.158 13.40 ± 0.352 16.60 ± 0.290 12.90 ± 0.330 17.40 ± 0.323 17.20 ± 0.395
0.5% 17.20 ± 0.526 11.40 ± 0.155 17.70 ± 0.247 11.60 ± 0.155 17.50 ± 0.495 12.10 ± 0.170

Values are  ± S.E of 10 - 10 observations

Table – 4. Length and width of stomata (in μ) in dorsal and ventral leaf surfaces of Urginea indica Kunth
Cytotype II after treatment with different concentrations of Ethyl Methane Sulphonate (EMS) in M2 generation

Leaf
Surface

Concen
-tration

Apex portion of leaf Middle portion of leaf Base portion of leaf

D
or

sa
l

Length (μ) Width (μ) Length (μ) Width (μ) Length (μ) Width (μ)
Control 19.50 ± 0.391 13.10 ± 0.222 17.40 ± 0.601 14.50 ± 0.351 18.90 ± 0.434 13.80 ± 0.418
0.1% 19.40 ± 0.405 14.10 ± 0.330 17.20 ± 0.237 13.10 ± 0.263 15.40 ± 0.290 12.90 ± 0.299
0.2% 18.90 ± 0.222 11.40 ± 0.210 17.50 ± 0.406 13.70 ± 0.203 16.50 ± 0.324 12.10 ± 0.222
0.3% 17.20 ± 0.369 12.70 ± 0.247 17.90 ± 0.222 12.70 ± 0.285 16.20 ± 0.276 12.60 ± 0.253
0.4% 16.00 ± 0.200 14.50 ± 0.292 17.00 ± 0.316 12.60 ± 0.429 15.80 ± 0.237 13.00 ± 0.245
0.5% 17.30 ± 0.200 15.00 ± 0.347 17.40 ± 0.153 13.60 ± 0.290 16.20 ± 0.273 12.60 ± 0.155

V
en

tr
al

Control 17.40 ± 0.462 10.60 ± 0.320 20.60 ± 0.288 12.00 ± 0.282 20.10 ± 0.095 10.6 ± 0.320
0.1% 18.70 ± 0.634 13.00 ± 0.142 20.10 ± 0.263 13.50 ± 0.324 17.10 ± 0.411 13.30 ± 0.203
0.2% 19.60 ± 0.253 13.60 ± 0.352 18.00 ± 0.374 11.70 ± 0.145 18.50 ± 0.475 12.10 ± 0.359
0.3% 19.20 ± 0.237 12.30 ± 0.789 19.50 ± 0.292 12.40 ± 0.429 16.30 ± 0.285 13.20 ± 0.237
0.4% 16.50 ± 0.158 13.40 ± 0.352 16.60 ± 0.290 12.90 ± 0.330 17.40 ± 0.323 17.20 ± 0.395
0.5% 17.20 ± 0.526 11.40 ± 0.155 17.70 ± 0.247 11.60 ± 0.155 17.50 ± 0.495 12.10 ± 0.170

Values are  ± S.E of 10 - 10 observations
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the leaf) in M2 generation. While, the stomatal index,

which was reported to increase in M1 generation

continued to increase at 0.4% concentration in M2

generation at middle and base portions of the leaves.

Similarly, on the ventral surface of the leaves, the

stomatal index, which increased at 0.1% concentration

at all the portions of the leaves in M1 generation

continued to increase in M2 generation at all the

portions except at a middle portion (Tables 1 - 2, Fig.

1- 6).

When the stomatal length and width of Urginea

indica Cytotype II were compared to their respective

values in control, after treatment with Ethyl Methane

Sulphonate, considerable variations were observed at

all the concentrations in M1 and M2 generations. In

M1 generation, the length of the stomata at apex and

base portions of the leaf, when compared to their

respective values in control, was reported to decrease

at all the concentrations. In the M2 generation, however,

the variations in the size of the stomata are depicted

in table 4. Similarly, the width of the stomata of

Urginea indica Cytotype II was reported to show

variations in the M2 generation table 4.

Discussion

Epidermal anatomy is considered as a significant

diagnostic character in the phylogenetic studies, and

hence is used to study the effects of mutagens on

the plants (Inamdar, 1970; Raghava and Murty, 1988).

The stomatal characters of the cytotype were observed

in two generations. Ethyl Methane Sulphonate was

reported to affect the stomatal characters in both the

generations. Interestingly the effect of EMS on the

stomata that was observed was not in a linear fashion.

Stomatal index and stomatal size was observed to

show variations at different concentrations of EMS.

In Urginea indica Cytotype II, it was reported

to increase only at 0.4% concentration and decreased

Fig.1-4. Effect of Ethyl Methane Sulphonate on the
stomata of Urginea indica Kunth Cytotype II, showing
variations in the shape and size of the stomata.

Fig.-5. Column graph showing Stomatal Index of
dorsal leaf surface after treatment with Ethyl Methane
Sulphonate in Urginea indica Kunth Cytotype II in
M1and M2 generations

Fig.-6. Column graph showing Stomatal Index of
dorsal leaf surface after treatment with Ethyl Methane
Sulphonate in Urginea indica Kunth Cytotype II in
M1and M2 generations
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the leaf) in M2 generation. While, the stomatal index,

which was reported to increase in M1 generation

continued to increase at 0.4% concentration in M2

generation at middle and base portions of the leaves.

Similarly, on the ventral surface of the leaves, the

stomatal index, which increased at 0.1% concentration

at all the portions of the leaves in M1 generation

continued to increase in M2 generation at all the

portions except at a middle portion (Tables 1 - 2, Fig.

1- 6).

When the stomatal length and width of Urginea

indica Cytotype II were compared to their respective

values in control, after treatment with Ethyl Methane

Sulphonate, considerable variations were observed at

all the concentrations in M1 and M2 generations. In

M1 generation, the length of the stomata at apex and

base portions of the leaf, when compared to their

respective values in control, was reported to decrease

at all the concentrations. In the M2 generation, however,

the variations in the size of the stomata are depicted

in table 4. Similarly, the width of the stomata of

Urginea indica Cytotype II was reported to show

variations in the M2 generation table 4.

Discussion

Epidermal anatomy is considered as a significant

diagnostic character in the phylogenetic studies, and

hence is used to study the effects of mutagens on

the plants (Inamdar, 1970; Raghava and Murty, 1988).

The stomatal characters of the cytotype were observed

in two generations. Ethyl Methane Sulphonate was

reported to affect the stomatal characters in both the

generations. Interestingly the effect of EMS on the

stomata that was observed was not in a linear fashion.

Stomatal index and stomatal size was observed to

show variations at different concentrations of EMS.

In Urginea indica Cytotype II, it was reported

to increase only at 0.4% concentration and decreased

Fig.1-4. Effect of Ethyl Methane Sulphonate on the
stomata of Urginea indica Kunth Cytotype II, showing
variations in the shape and size of the stomata.

Fig.-5. Column graph showing Stomatal Index of
dorsal leaf surface after treatment with Ethyl Methane
Sulphonate in Urginea indica Kunth Cytotype II in
M1and M2 generations
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the leaf) in M2 generation. While, the stomatal index,

which was reported to increase in M1 generation

continued to increase at 0.4% concentration in M2

generation at middle and base portions of the leaves.

Similarly, on the ventral surface of the leaves, the

stomatal index, which increased at 0.1% concentration

at all the portions of the leaves in M1 generation

continued to increase in M2 generation at all the

portions except at a middle portion (Tables 1 - 2, Fig.

1- 6).

When the stomatal length and width of Urginea

indica Cytotype II were compared to their respective

values in control, after treatment with Ethyl Methane

Sulphonate, considerable variations were observed at

all the concentrations in M1 and M2 generations. In

M1 generation, the length of the stomata at apex and

base portions of the leaf, when compared to their

respective values in control, was reported to decrease

at all the concentrations. In the M2 generation, however,

the variations in the size of the stomata are depicted

in table 4. Similarly, the width of the stomata of

Urginea indica Cytotype II was reported to show

variations in the M2 generation table 4.

Discussion

Epidermal anatomy is considered as a significant

diagnostic character in the phylogenetic studies, and

hence is used to study the effects of mutagens on

the plants (Inamdar, 1970; Raghava and Murty, 1988).

The stomatal characters of the cytotype were observed

in two generations. Ethyl Methane Sulphonate was

reported to affect the stomatal characters in both the

generations. Interestingly the effect of EMS on the

stomata that was observed was not in a linear fashion.

Stomatal index and stomatal size was observed to

show variations at different concentrations of EMS.

In Urginea indica Cytotype II, it was reported

to increase only at 0.4% concentration and decreased

Fig.1-4. Effect of Ethyl Methane Sulphonate on the
stomata of Urginea indica Kunth Cytotype II, showing
variations in the shape and size of the stomata.

Fig.-5. Column graph showing Stomatal Index of
dorsal leaf surface after treatment with Ethyl Methane
Sulphonate in Urginea indica Kunth Cytotype II in
M1and M2 generations
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Fig.-6. Column graph showing Stomatal Index of
dorsal leaf surface after treatment with Ethyl Methane
Sulphonate in Urginea indica Kunth Cytotype II in
M1and M2 generations
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at all the concentrations in apical and middle portions

of the leaf on the dorsal surface. It has been reported

that mutagens increase the stomatal indices. The size of

stomata is regarded as the cytological criteria, which

may show changes due to mutagenic effects (Dewet,

1954). Reduction in the length and width of stomata

at almost all portions of the leaf on the dorsal and

ventral surface of the leaf of Urginea indica Cytotype

II were noticed. The reduction in size of stomatal

aperture has been correlated to enhanced carbon dioxide

level in the atmosphere (Trag et al., 2001). Generally

it is assumed that with the increase in the size of

stomata, there is a decrease in stomata per unit area.

The distribution of stomata and their number are

important factor for determination of susceptibility or

resistance (Shukla, 1971 and Gandhi, 1984).

The variations observed in the stomatal index and

stomatal size of Urginea indica Kunth Cytotype II after

treatment showed their sensitivity to Ethyl Methane

Sulphonate.
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