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ABSTRACT

World food insecurity is posing a great threat to the human civilization now-a- days. Scientists are busy worldwide
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to find out workable solutions for combating food insecurity. Different methods are applied worldwide to improve
the yield of plants. Out of these, mutation breeding plays an important role to improve the yield and to ameliorate food insecurity which is
spreading worldwide. In mutation breeding, both physical and chemical mutagens are applied. The main chemical mutagens are methyl
methanesulphonate (MMS), ethyl methanesulphonate (EMS), diethyl sulphate (DES) and sodium azide (SA). EMS is ranked after MMS
as a potent chemical mutagen to induce the genetic variability to improve the useful characters in plants. EMS has been used from past to
improve the yield characters in plants. In future, it is an important tool and hope to reduce the food insecurity of world's growing population.

SUMMARY

EMS has been used by scientists throughout the world to induce
mutational variability in plants for increasing the yield of plants.
As per the research, the lower concentrations of EMS has been
used to induce desirable variability in plants while as the higher
concentrations has negative effects on plants. So, it is better in
future to use lower concentrations of EMS on plants to increase
the yield and its attributing traits in plants to reduce the hunger
problem. Moreover, this variability can be achieved in short du-
ration of time minimizing the time consumption.

INTRODUCTION

World food insecurity is a major problem and a major concern
of discussion in the world now-a-days. According to the most
recent updates of FAO (2013) that at least 842 million people
in the world i.e., 12% of world population were unable to meet
their energy requirements in 2011-2013 from 868 million peo-
ple reported earlier in 2010-2012. Thus around one in eight
people are likely to have suffered from chronic hunger. Most of
the people among the above (827 million) are from developing
countries. This food insecurity has become a major threat world-
wide. The major causes of world food insecurity in world are the
limited land and low yield of plants. The major focus among the
plants is the pulse crops. The reason behind this is the ability of
pulse crops to fix atmospheric nitrogen and the appreciable per-
centage of proteins in their seeds. As already mentioned above
the limited land and low yield is the major concern.

The environment is changing constantly throughout world. As
per 2nd Advance Estimates, the crop production of 2012-2013
declined by about 6.59 million tonnes compared to 2011-2012.
This decline in production has been observed due to the late
monsoon and insufficient rains. World population is increasing
continuously. Therefore, the immediate need of increased crop
production is necessary. The variability in plants for increasing
their yield is the solution and the major focus of scientists these
days. Different mutagens are applied on pulses to increase their
yield. Among them EMS is a potent chemical mutagen to in-
duce the mutational variability in plants. It is an alkylating agent
and possibly carcinogenic organic compound. It typically pro-
duces only point mutations. Scientists have used EMS to induce
mutational variability in plants to increase the yield and amelio-
rate the hunger problem in the world.

PRODUCTION ESTIMATES OF MAJOR CROPS FOR 2012-2013
AS COMPARED TO PREVIOUS THREE YEARS ARE AS FOL-
LOWS:

(Million tonnes)

CROP 2009-10 2010-11 2011-2012 2012-13
RICE 89.09 95.98 105.31 101.80
WHEAT  80.80 86.87 94.88 92.30
JOWAR 6.70 7.00 6.01 5.26
BAJRA 6.51 10.37 10.28 8.15
MAIZE  16.72 21.73 21.76 21.06
COARSE

CEREALS 33.55 43.40 42.04 38.47
TUR 2.46 2.86 2.65 2.75
GRAM 7.48 8.22 7.70 8.57
URAD 1.24 1.76 1.77 1.74
MOONG 0.69 1.80 1.63 1.27
TOTAL

PULSES 14.66 18.24 17.09 17.58
TOTAL

FOOD 218.11 244.49 259.32 250.14
GRAINS

SOURCE: MP:DS:CP: second advance (8.2.2013)

(Release ID: 92103)

BIOLOGICAL DAMAGE

EMS is one of the potent alkylating chemical mutagen for chem-
ical mutagenesis. EMS is more effective than physical mutagens
(Bhat et al., 2005). Different biological parameters such as seed
germination, pollen fertility, and survival have been studied ear-
lier by different authors after the chemical mutagen treatment
(Chatuvedi and Singh, 1981; Vandana and Dubey, 1988; Khan
1990; Khan et al 1994; Sharma et al 1995; Khan and Wani, 2005).
Gupta and Yashvir (1975) reported a radio protective effect of
EMS in Abelmoschus esculentum. Dose dependent decrease in
seed germination has been reported by Dhole (2003). Decrease
in seed germination, growth and survival with increasing con-
centrations of EMS in Phaseolus lunatus.(Kumar et al., 2003).
Linearly decrease in seed germination has also been reported by
Khan and Wani in mung bean (2004). Decrease in seed germina-
tion with increasing concentrations of EMS in chickpea was ob-
served by Parveen (2006). A similar result was observed by Wat-
to et al (2012), after studying the mutagenic variability by EMS
in Basmati rice. They observed decrease in seed germination
with increasing concentrations of EMS. A linear decrease in seed
germination with increasing concentrations of EMS has also
been reported by Toker et al in chickpea (2005). Dose depend-
ent decrease in seed germination, pollen fertility has also been
reported in chickpea by wani et al (2012). They observed that
with the increasing concentrations of EMS, the seed germination
and pollen fertility was also reduced in M1 and M2 generation.
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Bhosale et al (2013) reported the decrease of seed germination
with increasing doses/concentrations of gamma rays and EMS.
However, the decrease in seed germination by EMS was found to
be more than gamma rays.

CYTOLOGICAL ABERRATIONS

The first elaborate report on induction of cytological aberra-
tions was presented by Auerbach and Robson (1942). They re-
ported the induction of mutations and cytological aberrations
in Drosophila by mustard gas. The occurrence of rod bivalents,
ring bivalents and univalents by mutagens was earlier reported
by Mansour (1994), Bione et al (2002), and Vinita et al (2004).
Bhat et al (2007) observed different cytological abnormalities
after EMS treatment of seeds of two varieties of Vicia faba L.
The different meiotic abnormalities were stickiness, univalents,
multivalent, laggards, unorientation, precocious separation of
chromosomes at metaphase and bridges. Khan and Tyagi (2009),
reported bridges and laggards in soybean after treatment with
gamma rays and EMS. Ashutosh et al (2012) reported different
cytological abnormalities in root meristem cells in Catharan-
thus roseus L. after treatment with EMS. The chromosomal
anomalies observed include condensation, persistent nucleol-
ous, fragmentation, C- metaphase, bridge, laggard, cleft and
binucleolated cells. Wani et al (2013) observed various meiotic
abnormalities like stickiness, univalents, precocious segregation,
laggards, bridges, cytomixis and so on in Trigonella foenum-
graecum L. after treating it with different doses/concentrations
of gamma rays, EMS and SA. They found that gamma rays in-
duced more meiotic abnormalities followed by EMS and SA.

MUTAGENIC EFFECTIVENESS AND EFFICIENCY
Effectiveness means the rate of mutation induction as depend-
ent upon mutagenic doses and efficiency refers to the mutation
rate in mutation to the various biological effects usually a meas-
ure of damage. Different workers have worked on effectiveness
and efficiency of mutagens. (Giri and Apparao,2011; Mahamune
and Kothekar, 2012). Khan et al (2005) reported the order of
mutagenic effectiveness in chickpea as HZ>SA>EMS. A num-
ber of chemical mutagens have been found to be more effective
and efficient mutagens. (Basu et al., 2008). Tariq et al (2008) ob-
served that the lower concentrations of EMS are more effective
and efficient than higher concentrations in chickpea (Cicer ari-
etinum L.). Thilagavathi and Mullainathan (2009) reported EMS
as more effective and efficient mutagen than gamma rays in
blackgram. Girija et al (2009) observed the decrease in effective-
ness with increasing concentrations of EMS in Cowpea (Vigna
unguiculata L. Walp). EMS was found to be more effective than
gamma rays and combined treatment. Wani, A. (2009) observed
the decrease in effectiveness with increasing concentrations in
EMS treated population in chickpea (Cicer arietinum L.). He also
observed that lower concentrations of EMS were more efficient
than higher concentrations. Wani et al (2011) observed that
moderate doses were more effective and efficient in mungbean
after treatment with EMS, HZ and SA. They also reported that
mutagenic effectiveness decreased at higher concentrations of
above three mutagens. They determined the order of mutagenic
effectiveness on the basis of mutant progenies as HZ>SA and
EMS. These results were in contrary to the previously observed
results by Reddy, 1992; Kumar and Dubey, 1998; Waghmare and
Mebhra, 2001).

CHLOROPHYLL MUTATIONS

The genetic effects of various mutagens can be evalvated by
chlorophyll mutations. Rao et al (1975) observed various chlo-
rophyll mutations in blackgram after mutagenic treatment. Dif-
ferent chlorophyll mutations were observed by Khan and Sid-
dique (1993) in two varieties of mungbean (Vigna radiata (L.)
Wilczek.) after chemical mutagen treatment viz., EMS, MMS and
SA. Among these chemical mutagens, EMS produced highest
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frequency of mutations ( in terms of effectiveness) followed by
MMS and SA. Girija and Dhanavel (2009) observed that more
chlorophyll mutations in EMS treated plants than gamma irradi-
ated plants in M2 generation. Similar observations were report-
ed by Solanki (2005) in Lentil.

QUANTITATIVE TRAITS

Effect of EMS on quantitative traits has been reported in sun-
flower by Selvaraj and Jaykumar (2004). Basu et al (2008) ob-
served improvement of different quantitative traits like pod
length and number of pods in M3 plants of fenugreek (Trigonella
foenum-graecum L.) after treating with different concentrations
of EMS. Selvaraj et al (2010) studied different quantitative char-
acters like plant height, number of days for first flowering etc
after treatment of EMS in Jatropa curcas L. They observed that
height decreased with increasing concentrations of EMS while
the number of days for first flowering considerably reduced at
lower concentrations while as the same increased at higher
concentrations. Decrease in quantitative traits at higher con-
centrations of EMS has been reported by Kozgar et al (2010) in
Vigna radiata and Vigna mungo. Wani et al (2012), reported the
increase of various quantitative characters like number of pods
per plant and 100 seeds weight at lower concentrations of EMS
in M3 generation in chickpea (Cicer arietinum L.).
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