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ABSTRACT: The seeds of BhendiAbelmoschusesculentus (L)variety MDU1 and ArkaAnamika were 
subjected to the chemical mutagens. The present investigation using ethyl methane sulphenate (EMS) and 
colchicine (Col) on various morphological and yield parameters in M2 generation were studied in 
morphological and yield characters and economic importance traits. In M2 generation the variety MDU1 
were recorded maximum values of EMS at 1.0 percent and colchine 0.6 percent concentration for 
important yield characters. ArkaAnamikavariety were recorded maximum values for economic important 
traits for yield by colchine at 0.8 percent. Significant increases of yield of bhendi were observed. Potential 
yielding mustants were identified in M2 progenies of traits seeds.  
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INTRODUCTION 
 Mutation breeding has been widely used for the improvement of plant characters in various crops. 
It is a powerful and effective tool in the hands of plant breeders especially for autogamous cropshaving 
narrow genetic base (Micke, 1988). In any mutation breeding program, selection of an effectiveand efficient 
mutagen is very essential to produce high frequency of desirable mutation. Manychemical mutagens have 
been employed for obtaining useful mutants in various crop species (Singhand Singh, 2001). The role of 
mutation breeding increases the genetic variability for the desired traitsin various crop plants, and have 
been proved beyond doubt by a number of scientists Kozgaret al, 2011; Mostafa, 2011). Several factors,such 
as properties of mutagens, duration of treatment, Ph-pre and post treatment, temperature andoxygen 
concentration, influence the effect of mutagens. 
 The genus Abelmoschus, belongs to family Malvaceae, is represented by 12 species (Benthamand 
Hooker, 1867), in which the most common vegetable crop, okra (Abelmoschusesculentus (L.)Moench) is 
included. A. esculentus is a multipurpose crop valued for its tender and delicious fruits.Okra is the sixth 
important popular vegetable crop, and widely grown under varying climaticconditions in almost all parts of 
India throughout the year except in the mountainous region. It isestimated that world okra production is 
about 5 to 6 million tonnes per year. India is the largestproducer of okra covering an area of 3.8 lakh 
hectares with an annual production of 36.84 lakh tones(Gangashettyet. al, 2010). Immature green fruits are 
cooked in curry and soups. High iodine contentof fruits helps to control goiter. However, the widespread 
incidence of yellow vein mosaic disease inthis crop has affected its successful cultivation. It is a virus disease 
transmitted by the white fly(Bemisiatabaci). Induced mutation is highly effective in enhancing natural 
genetic resources, land hasbeen used in developing improved cultivars of cereals, fruits and other crops 
(Lee et al., 2002). Muralidharanand Rajendran, 2013). With the objective of producing high yield variety, 
chemical mutagenesiswas done in A. esculentus in this study, and the effect of EMS and colchine treated on 
the various yieldattributing characters were reported. 
 

MATERIALS AND METHODS 
 The present investigation was carried out at the Plant Breeding Farm, Department   of Genetics and 
Plant Breeding,   Faculty   of Agriculture,   Annamalai University, Annamalainagar during 2013 to 2014. The 
materials used and the methods followed are described below.  
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MATERIALS 
Biological material 

Table 1. Source and special characters of the parents 
S.No Parents Source Special Character 

1. MDU-1 AC&RI, 
Madurai, TNAU 

Tall plants. Normal green and broad leaves.  
Light green with long beaked fruits 

2. ArkaAnamika IIHR, Bangalore Medium tall plants. Medium green and medium  
long fruits. Resistant to Yellow Vein Mosaic (YVM) 

 

Mutagens employed 
 Chemical mutagens like ethyl methane sulphonate (EMS) and colchicine were used at various 
concentrations to induce mutagenesis. 
Ethyl methane sulphonate (EMS) (CH2SO2OC2H5) 
 The chemical was obtained from Koch-light Laboratory, Colnbrook -Bucks -England, having a 
dosimetry 1 half-life period of 30 hours with a molecular weight of 124.16 and density of 1.20. 
Colchicine (C22H25NO6) 
 The chemical was purchased from HI-MEDIA Laboratories, Mumbai, having a molecular weight of 
399.45 with a melting point of 147 ° - 150°C. 
Determination of LD50 value 
Ethyl methane sulphonate 
 Two sets containing 200 well filled healthy seeds were selected for treatment to determine the 
LD5Q value. Seeds were presoaked in water for 12 hours followed by EMS at 
0.20,0.40,0.60,0.80,1.00,1.20,1.40,1.60,1.80 and 2.00 per cent concentrations. The seeds after soaking in 
EMS were thoroughly washed under tap water for 8 to 10 times. The treated seeds were thensubjected to 
germination test. Based on reduction of germination to 50 per cent. LD50 value was determined.Three 
concentrations of EMS around LD50 were used for further studies. 
Colchicine 
 Two sets containing 200 well filled healthy seeds were selected for treatments. The seeds were 
presoaked in water 12 hour followed by soaking in colchicine at 0.20, 0.40, 0.60, 0.80, 1.00, 1.20, 1.40, 1.60, 
1.80 and 2.00 per cent concentrations. The seeds after soaking in colchicine were thoroughly washed under 
tap water for 8 to 10 times. The treated seeds were then subjected to germination test. Based on reduction 
of germination to 50 per cent LD50 value was determined.Three concentrations of colchicine around LD50 
were used for further studies. 
Mutagen treatment 
Ethyl methane sulphonate 
 The required concentrations of EMS were prepared in distilled water. The volume of solution is 
about three times the volume of seeds. The seeds were presoaked in distilled water for 12 hours. The excess 
moisture in theseeds was removed by pressing it in folds of filter paper. Then the seeds were soaked in for 
12 hours at room temperature (26+2°C) with intermittent shaking. After the treatment, the seeds were 
thoroughly washed with tap water for 8 to 10 times before sowing in the main field. 
Colchicine 
 The seeds were soaked in distilled water for 12 hours. Then the excess moisture in seeds was 
removed by pressing in folds of filter paper. The seeds were then soakedin colchicine prepared in distilled 

water for 12 hours at roomtemperature (26 °C) with intermittent shaking. After the treatment, the seeds 
were thoroughly washed in tap water for 8 to 10 times before sowing in the main field. 
Control 
 Seeds soaked in distilled water for 24 hours were used as control. 
 

GENERATION STUDIES  
Study of M2 generation 
 The seeds harvested from M1 generation were bulked fromindividual    treatments and were used 
for raising M2 generation (Panda and   Subudhi,   1994). But few treatments  such  as  0.8   per  cent, 1.0 per 
cent and 1.2 per cent EMS in ArkaAnamika variety.The M2 generation was grown with three replications in 
randomized block designand 25 plants were maintained for each treatment per replication. Biometric 
observations were recorded and individual plant data and mean values were used for statistical analysis. 
Observations recorded for Plant height, Number of branches per plant, Number of nodes per plant, Fruit 
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length, Fruit girth, Number of fruits per plant, Number of seeds per fruit, Fruit weight and Fruit yield per 
plant.  
 

RESULT AND DISCUSSION  
EMS  
 The present investigation revealed that as the concentration of EMS increased there was a decrease 
in germination percentage. Fifty per cent of reduction in seed germination was observed at 1.0 per cent 
concentration. Hence the LD50 value for EMS was found to be  1.0 per cent to induce mutagenesis MDU1and 
ArkaAnamikavarieties. (Table 2). 
Colchicine 
 It was observed that the reduction in germination increased with the increase in concentration. In 
colchicine treatment 50 per cent reduction in seed germination was observed at 0.6 per cent concentration 
for MDU1 and ArkaAnamika varieties.(Table 2). 
 In general, wide range of variation was observed in all treatments. Maximum range was observed in 
MDU-1 variety in 0.8 per cent colchicine treatment (92-113cm). Maximum reduction in plant height in MDU-
1 variety was obtained in 0.8 per cent EMS (100.15 cm), while maximum plant height in MDU -1 variety was 
obtained in 1.2 per cent EMS (109.45 cm).Wide range of plant height in ArkaAnamika variety was found in 
0.4 per cent colchicine (98-115 cm). Minimum plant height in ArkaAnamika variety was recorded in 0.4 per 
cent colchicine (106.83 cm), while maximum plant height in ArkaAnamika variety was recorded in 0.6 
percent colchicine 
 In general, Number of branches per plant wide range of number of branches was observed in all 
treatments. Maximum range was obtained in MDU-1 variety in 0.6 per cent colchicine (1-5 branches). 
Maximum reduction in number of branches in MDU-1 variety was recorded in 0.8 per cent colchicine (1.27 
branches) and maximum number of branches in MDU-1 variety was recorded in 0.6 per cent colchicine 
(1.97 branches), while control had 1.77 branches. Wide range for number of branches was observed in 
ArkaAnamika variety in 0.6 per cent colchicine (1-4 branches). Minimum number of branches in 
ArkaAnamika variety was found in 0.8 per cent colchicine (0.91 branches) and maximum number of 
branches in ArkaAnamika variety was found in 0.4 per cent colchicine (1.41 branches), while control had 
1.70 branches. 
 In general, Number of nodes per plant wide range of number of nodes was found in all treatments. 
Maximum range of number of nodes was found in MDU-1 variety in 0.8 per cent colchicine (10-17 nodes). 
Maximum reduction in number of nodes in MDU-1 variety was found in 1.0 per cent EMS (11.83 nodes) and 
maximum number of nodes in MDU-1 variety was found in 0.8 per cent colchicine (14.05 nodes), while 
control had 13.11 nodes. Wide range of number of nodes in ArkaAnamika variety was found in 0.6 per cent 
colchicine (11-17 nodes). Maximum number of nodes in Arka / Anamika variety was found in 0.6 per cent 
colchicine( 15.86 nodes) and / minimum number of nodes in ArkaAnamika variety was found in 0.4 per cent 
/ colchicine (11.95 nodes), while control had 14.33 nodes.  
 In general, wider range of fruit length was found in all treatments. Maximum range of fruit length in 
MDU-1 variety was found in 0.6 per cent colchicine (13.1-19.75 cm). The maximum fruit length in MDU-1 
variety was found in 0.6 per cent colchicine (14.78 cm), while control had 13.95 cm.Wide range of fruit 
length in ArkaAnamika variety was found in 0.4 per cent colchicine (14.8 - 18.1 cm). Maximum fruit length 
in ArkaAnamika variety was found in 0.4 per cent colchicines (16.56 cm) and minimum fruit length in 
ArkaAnamika variety was found in 0.6 per cent colchicine   (15.59 cm), while control had 15.77 cm.  
 In general, wide range of fruit girth was found in all treatments. Maximum range of fruit girth in 
MDU-1 variety was found in 1.2 per cent EMS (4.66-5.81 cm). Maximum reduction in fruit girth in MDU-1 
variety was found in 0.8 per cent EMS (4.93 cm) and maximum fruit girth in MDU-1 variety was found in 0.6 
per cent colchicine (5.41 cm), while control had             4.98 cm. wide range of fruit girth in ArkaAnamika 
variety was found in 0.4 percent colchicine (4.93 – 6.51 cm). Maximum trait girth in ArkaAnamika variety 
was found in 0.4 percent of chicane (51.81 cm) and minimum trust girth in ArkaAnamika variety was found 
in 0.6 percent colchicine (5.50 cm), while control had 5.57 cm.  
 In general, wide range of number of fruits was found in all treatments. Maximum range of number 
of fruits in MDU-1 variety was found in 1.0 per cent EMS (8-14 fruits). Minimum number of fruits in MDU-1 
variety was found in 0.8 per cent colchicine (11.77 fruits), while control had 9.52 fruits.Wide range of 
number of fruits was found in ArkaAnamika variety was found in 0.8 per cent colchicine (10-16 fruits). 
Maximum number of fruits in ArkaAnamika variety was found in 0.8 per cent colchicine (12.86 fruits) and 
minimum number of fruits in ArkaAnamika variety was found in 0.4 per cent colchicine (9.87 fruits), while 
control had 11.10 fruits.  
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 In general, wide range of number of seeds was found in all treatments. Maximum range of number 
of seeds in MDU-1 variety was found in 0.6 per cent colchicine (32.1-45.8 seeds). Maximum number of seeds 
in MDU-1 variety was found in 0.8 per cent EMS (40.84 seeds) and minimum number of seeds in MDU-1 
variety was found in 0.6 per cent colchicine (38.49 seeds), while control had 40.86 seeds. Wide range of 
number of seeds in ArkaAnamika variety was found in 0.6 per cent colchicine (34.5-51.6 seeds). Maximum 
number of seeds in ArkaAnamika variety was found in 0.6 per cent colchicine (41.26 seeds) and minimum 
number of seeds in ArkaAnamika variety was found in 0.8 per cent colchicine (40.41 seeds), while control 
had 39.63 seeds. 
 In general, wide range of fruit weight was found in all treatments. Maximum range of fruit weight in 
MDU-1 variety was found in 0.4 per cent colchicine (14.4 - 18.8 g) and minimum fruit weight in MDU-1 
variety was found in 0.8 per cent EMS (15.18 g) and maximum fruit weight in MDU-1 variety was found in 
0.8 per cent colchicine (16.76 g), while control had 15.14g.Wide range of fruit weight in ArkaAnamika 
variety was found in 0.8 per cent colchicine (15.2-19.3 g). Maximum fruit weight in ArkaAnamika variety 
was found in 0.4 per cent colchicine (17.76 g) and minimum fruit weight in  ArkaAnamika variety was  
found  in  0.6  per  cent  colchicine (17.74 g), while control had 16.17 g. 
 In general, wide range of fruit yield was found in all treatments. Maximum range of fruit yield in 
MDU-1 variety was found in 0.4 per cent colchicine (128.18-220.82 g). Maximum reduction in fruit yield in 
MDU-1 variety was found in 0.8 per cent EMS (146.40 g) and maximum fruit yield in MDU-1 variety was 
found in 0.8 per cent colchicine (197.45 g), while control had 156.82 g.Wide range of fruit yield in 
ArkaAnamika variety was found in 0.6 per cent colchicine (153.89-229.12 g). Maximum fruit yield in 
ArkaAnamika variety was found in 0.8 per cent colchicine (228.00 g) and minimum fruit yield in 
ArkaAnamika variety was found in 0.4 per cent colchicine (173.91g), while control had 180.38g. 
 

CHOICE OF EXPERIMENTAL MATERIALS 
 In any breeding programme variety is an important aspect. Improvement of crop species through 
mutation breeding should therefore be pursued with varieties outstanding in their agronomic fitness for 
practical breeding purpose (Scarascia-Mugnozza, 1966). Popular varieties such as MDU-1 and ArkaAnamika 
cultivated were selected for the study and were subjected to chemical mutagenesis. Though more number of 
chemicals can be used as mutagens, only a few of them such as EMS and colchicine induced much higher 
frequency of mutations than others in most of the crops (Kalloo, 1988). Hence, these chemicals which are 
easily available were used in this investigation. 
 The LD50 for germination of EMS treated seeds was about 1 per centwhereas it was about 0.6 per 
cent in case of colchicine. Yashvir (1975) treated the seeds of PusaSawani with EMS and he fixed the LD50 
value as 1.0 percent for EMS. On the other hand, JanaradanaRao and Suryanarayana (1989) fixed the LD5Q 
value for EMS in between 0.3 per cent and 0.4 per cent. 
 In the present investigation, mean for different characters were shifted both in positive and 
negative direction due to the mutagenic treatments Several explanations were given for the shift in the 
mean values of quantitative characters due to mutagenic treatments (Gaul, 1960, Brock, 1965). 
 Mutation in quantitatively inherited characters would depend on the number of genes involved, the 
relative proportion of genes with positive and negative effects and the degree to which the genes of parental 
genome operates as a balanced set (Brock, 1965). 
 A significant positive shift in mean values observed may be due to elimination of detrimental genes 
in mutations. Borojevik (1971) attributed that positive shift in mean values may be due to the effect of 
natural selection and elemination of chromosomal aberrants. 
 For plant height, negative shift over control was observed in most of the treatments in MDU-1 and 
Arka. Negative shift has been reported by Rangasamy, (1973), Haqet al (1971) and Hla-Shweet al (1993). 
For number of branches, a negative shift has been induced by two of the treatments in colchicine and EMS in 
MDU-1 variety. Negative shift has been induced by all the treatments in ArkaAnamika, Senthil Kumar (2000) 
reported positive shift towards mean value for this character.For number of nodes per plant, most of the 
colchicine treatments showed negative shift in MDU-1 of the colchicine treatments in ArkaAnamika showed 
a positive shift. Negative shift has been shown in most of the EMS treatments in MDU-1. Senthil Kumar 
(2000) reported negative shift towards the mean values for this character. 
 For fruit length positive shift has been shown in all the colchicine treatments in MDU-1 variety 
while negative shift was observed in most of the colchicine treatments in ArkaAnamika variety. All the EMS 
treatment in MDU-1 variety. Senthil Kumar (2000) reported  positive shift towards the mean value for this 
character.Whereas in Fruit girth all the colchicine treatments showed a positive shift in MDU-1 variety while 
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most of the colchicine treatments showed positive shift in ArkaAnamika variety. Senthil Kumar (2000) 
reported negative shift towards the mean value for this character. 
 For number of fruits per plant positive shift has been shown in all the colchicine treatments in 
MDU-1 while most of the colchicine treatments showed positive shift in ArkaAnamika. A positive shift has 
been shown in all the EMS treatments in MDU-1 variety. Senthil kumar (2000) reported positive shift 
towards the mean value for this character. In number of seeds per fruit a negative shift has been shown in 
all colchicine treatments in MDU-1 variety and a positive shift has been shown in all colchicine treatments in 
ArkaAnamika. All the EMS treatments showed a negative shift in MDU-1 variety. Senthil Kumar (2000) 
reported negative shift towards the mean value for this character. 
 For fruit weightall the colchicine treatments showed positive shift in MDU-L and ArkaAnamika. A 
positive shift has been shown in all the / EMS treatments in MDU-1 variety. Senthil Kumar (2000) reported 
positive shift towards the mean value for this character. In fruit yield per plant a positive shift was seen in 
all the colchicine treatments in MDU-1, while most of the colchicine treatments showed positive in 
ArkaAnamika. A negative shift has been shown in most of the EMS treatments in MDU-1 variety. Senthil 
Kumar (2000) reported positive shift towards the mean value for this character. 
 The LD50 for EMS was 1.0 per cent, where as it was 0.6 per cent in case of colchicine based on seed 
germination.A significant reduction in seed germination with the increase of concentration of mutagenic 
chemicals.In general, the concentration and effect relationship was nonlinear. 
 In M2 generations all parameters were in moderate and high value. In heist mean values were 
recorded number of nodes per plant, fruits per plant, fruit length and fruit girth, seeds per plant, fruit weight 
and fruit yield per plant.  

Table 2. Determination of LD50 
Treatment  EMS  Treatment Colchicine  

Seed  
germination  
(%)  

Percent of 
 decrease  
over control  

Seed  
germination  
(%)  

Percent of  
decrease over  
control  

Control 
0.0 

90.6 -- Control 
0.0 

88.9 -- 

0.2 87.3 -3.65 0.2 76.2 -14.29 
0.4 83.4 -7.85 0.4 68.3 -23.17 
0.6 74.8 -17.44 0.6 50.9 -42.74 

0.8 67.1 -25.94 0.8 42.3 -52.42 
1.0 51.6 -43.05 1.0 36.8 -58.61 
1.2 43.8 -51.66 1.2 32.3 -63.67 

1.4 24.8 -72.63 1.4 27.5 -69.07 
1.6 16.3 -82.01 1.6 19.8 -77.73 
1.8 8.4 -90.73 1.8 12.7 -85.71 
2.0 3.6 -96.03 2.0 5.8 -93.48 

 

Table 3. Effect of chemical mutagens on yield and its components traits of Bhendi in M2 generation 
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Table 3. (Conti.) 
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