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Original Research Article 

 

Mutation breeding for genetic improvement and the development of high yielding mutant 

variety of sesame (Binatil-3) 

 

 

Abstract: Sesame plays an important role in human nutrition. Sesame seed contain fat, protein, 

carbohydrates, fiber and some minerals. The seeds of creamy seed-coat color of popular sesame 

variety Binatil-1 were irradiated with gamma rays to create genetic variability for earliness, 

higher seed yield and other desirable agronomic traits. The experiment was conducted at BINA 

headquarters farm, Mymensingh during March-May (Kharif-I) 2002 to 2007 and 47 mutants 

were primarily selected based on their better field performance including seed yield plant-1 and 

other important agronomic traits. The mutant SM-10-04 (mutant of Binatil-1 with 500Gy of 

gamma rays) was found to be superior compared to other mutants and the mother variety. The 

evaluation trials were conducted during March-May (Kharif-I) season at different sesame 

growing areas of Bangladesh during 2008 to 2012. Significant variations were observed both in 

individual location and combined over locations for most of the traits. Reactions to major disease 

(stem rot) and insect-pests (hairy caterpillar, hawk moth and pod borer) infestations were also 

studied. BINA applied to the National Seed Board (NSB) of Bangladesh for registration of the 

superior mutant SM-10-04 as an important sesame variety. The NSB of Bangladesh registered 

the mutant SM-10-04 as an improved sesame variety naming Binatil-3 in 2013 for commercial 

cultivation in Bangladesh.  
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1. Introduction 

Sesame (Sesamum indicum L.) 2n=2x=26 is a self-pollinated oilseed crop of the family 

Pedaliaceae. It is called the “Queen of oil seeds” because of its high oil content, delicious nutty 

aroma, and flavors (Johnson et al., 1979) and is traditionally categorized as a healthy food in 

Asian countries (Miyake et al., 2005). Sesame is grown for its seeds, which contain 45-55% high 

quality oil (Tepora and De la cruz 1991). Brown or black seeded are valued more for oil 

whereas, white seeded are rich in iron. According to ElKhier et al. (2008), the majority of sesame 

seeds are utilized to extract oil, with the remaining seeds being consumed for food. 

The oil of sesame seed is renowned for its stability because it strongly resists oxidative rancidity 

even after long exposure to air (Global Agri Systems, 2010).  

Sesame is a self-pollinated crop and often has lower genetic variability than out crossing crops 

(Charlesworth, 2003). Mutation is one of the popular methods to generate genetic variation 

(Acquaah, 2012, Malek et al., 2014, 2016, 2020, 2022). Mutations occur randomly throughout 

the genome and within the locus or genes; thereby not only producing desired mutation but 

allowing the emergence of other mutations that can increase the diversity of a germplasm (De 

Vicente et al., 2004). Induced mutations with gamma ray irradiation are often performed due to 

their wide availability and flexibility of use (Foster & Shu, 2012). According to Gafaar et al. 

(2016), gamma rays are a type of ionizing radiation that cause cells to produce free radicals, 

which can alter the components of the cell and affect various aspects of a plant's morphology, 

anatomy, biochemistry, and physiology depending on the dosage of gamma irradiation.  Effect of 

gamma irradiation in diversification of genetic variation was recorded by Indriatama et al., 

(2016) in wheat, Laskar & Khan (2017) in lentil and Malek et al., (2014) in soybean. 

The production of sesame is greatly depending on the cultivars, cultural techniques, and growing 

conditions. Sesame is a low yielder and worldwide average yield is only 535 kg ha-1 (Brigham, 
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1985). Mutation breeding helps in creating variability not only in agro-morphological traits like 

yield and yield components, but also a better oil quality profile can be achieved in sesame (Kang 

et al., 1998, Chowdhury et al., 2009, Ong'injo and Ayiecho, 2009, Savant and Kothekar, 2011, 

Malek M.A. 2021). The major constraints in sesame production worldwide are lack of wider 

adapting cultivars, shattering of capsules at maturity, non-synchronous maturity, poor stand 

establishment, lack of fertilizer responses, profuse branching, and low harvest index (Ashri, 

1994). Besides these, improvement of sesame has been slow mainly due to lake of adequate 

research and efficient breeding programs (Ashri, 1998). Therefore, the present investigation was 

undertaken with the objectives to determine the effects of gamma irradiation in sesame, the 

mutant-environment interaction on sesame yield and finally to develop a high yielding mutant 

variety of sesame. 

 

2. Materials and methods 

Binatil-3 (Sesamum indicum L.) has been developed from the sesame variety, Binatil-1. The 

seeds of Binatil-1 were exposed to different doses of gamma rays (500, 600, 700 and 800Gy) 

using Co60 gamma source in mutation breeding laboratory at BINA, Mymensingh and grown as 

M1 generation during March-May, 2002. During evaluation (March-May, 2003) of the irradiated 

population in M2 generation, a large number of variants for different traits including seed yield 

were observed. Forty seven mutants were primarily selected in M3 generation considering their 

better field performance including seed yield plant-1 and other important agronomic traits as 

compared to the mother variety in March-May, 2004. These experimental materials were grown 

in M4 and M5 generations to study their breeding behavior in respect of seed yield and yield 

contributing traits to select elite mutants during 2005, 2006 and 2007.  
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Observation trial was conducted with a large number of M5 mutant variants at BINA hqs. farm, 

Mymensingh and BINA sub-station farm at Ishurdi in 2008. After that, advanced yield trial was 

conducted in the BINA sub-station farms at Magura and Ishurdi during March-May, 2009 with 

five M6 mutants (SM-03-04, SM-05-04, SM-08-04, SM-10-04 and SM-11-04) and two check 

varieties (Binatil-1 and BARI Til-2). Multi-location trials (on-station and on-farm) were 

conducted in various agro-ecological zones of the country in 2010, 2011 and 2012 in the 

experimental farms and also in the farmers’ field following research management as well as 

farmers’ management. On-station yield trial with advanced sesame mutants was conducted in the 

BINA sub-station farms at Magura and Ishurdi in 2010 with three M7 mutants (SM-03-04, SM-

10-04 and SM-11-04) and two checks (Binatil-1 and BARI Til-2).  

On-station and on-farm yield trial with advanced sesame mutants was conducted in the farms of 

BINA sub-station at Ishurdi, Magura and Rangpur; and farmers’ field at Jashore, Pabna and 

Rajshahi in 2011. Another on-station yield trial with advanced sesame mutants was conducted in 

the farms of BINA sub-station at Ishurdi and Magura in 2012. There were three advanced 

mutants (SM-10-04, SM-054 and SM-067) and two checks (Binatil-1 and BARI Til-2) were 

evaluated in 2011 and 2012. All these experiments were laid out in randomized complete block 

(RCB) design with three replications. Unit plot size was 20m2 (4m × 5m) keeping 25cm spacing 

between rows and 6-8cm among the plants in a row. Seeds were sown in 1st week of March in 

2011 and 2012. Recommended production packages like application of recommended doses of 

fertilizers, weeding, thinning, irrigation, application of pesticide etc. were properly followed to 

ensure normal growth and development of the plants. Data were taken for plant height, branches 

plant-1, capsules plant-1 and seeds capsule-1 from 10 randomly selected plants from each plot. 

Maturity period was counted when 80% capsules were matured and most of the plants turned 
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into straw or yellowish color in each plot. Seed yield of each plot was recorded after proper 

drying and then converted into kgha-1. Reactions to major disease (stem rot) and insect-pests 

(hairy caterpillar, hawk moth and pod borer) infestations were also studied. Appropriate 

statistical analyses were performed for comparison of means of each character. Using the 

computer program Statistix 10, an analysis of variance was performed in accordance with the 

experimental design. 5% level of significance was used to compare mean differences among the 

treatments (Gomez and Gomez, 1984). 

 

3. Results  

Environmental effects on plant growth, development and yield is an important factor for crop 

improvement as well as development of new variety. Selection of desirable mutants was made 

from M2 during 2003 and homogeneity was confirmed in M5 generation during 2007. A large 

number of M5 mutant variants were put into observation trial (non-replicated) at BINA 

headquarters farm, Mymensingh and BINA sub-station farm at Ishurdi in 2008. Five mutants, 

SM-03-04, SM-05-04, SM-08-04, SM-10-04 and SM-11-04 were primarily selected to put them 

into advanced yield trial on the basis of their desirable morphological characters and yield 

contributing traits compared to the mother variety.     

The mean values for different characters of the mutants and checks for advanced yield trials with 

M6 mutants during 2009 are presented in table 1. The results showed significant variation among 

the mutants and checks for most of the characters. Among the mutants and checks, mutant SM-

10-04 took the shortest maturity period of 85 days and check BARI Til-2 took the highest 

maturity period of 95 days. Plant height ranged from 115cm (SM-10-04) to 133cm (BARI Til-2). 

The number of branches is one of the most important yield contributing traits in sesame. Number 
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of branches plant-1 was highest in BARI Til-2 (2.6 per plant) followed by SM-10-04 (2.5), where 

Binatil-1 is unicum, i.e. non-branched. It is observed that, most of the mutants are branched but 

the mother variety Binatil-1 is unicum, i.e. non-branched. This result revealed that induced 

mutation can be changed the branching habit of sesame. The mutant SM-10-04 produced the 

highest seed yield (1671 kgha-1) followed by SM-11-04 (1584 kgha-1). These two mutants had 

also significantly higher number of capsules plant-1. Number of seeds capsules-1 ranged from 67 

in BARI Til-2 to 93 in SM-03-04. 

 

Table 1. Mean performance of M6 sesame mutants and two checks for different quantitative 

characters at Magura in 2009 

Mutants/ 

Varieties 

Days to 

maturity 

Plant 

height (cm) 

No. of 

branches 

plant-1 

No. of 

capsules 

plant -1 

No. of 

seeds 

capsule-1 

Seed 

yield  

(kgha-1) 

SM-03-04  88d 128b 0.7d 41c 93a 1411c 

SM-05-04 90c 127b 1.0c 41c 83c 1062d 

SM-08-04 92b 117c 1.3b 43bc 76d 1095d 

SM-10-04 85e 115c 2.5a 53a 70e 1671a 

SM-11-04 93b 129b 0.7d 48ab 89b 1548b 

Binatil-1  88d 125b 0.0e 41c 90ab 1443c 

BARI Til-2  95a 133a 2.6a 42bc 67f 1378c 

*Same letter (s) in a column didn’t differ significantly at 5% level of probability 
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The results of on-station yield trial during 2010 for each location and combined over locations 

are presented in table 2. The results showed significant variation among the mutants and two 

checks for all the characters at both the locations and combined over locations except plant 

height at Ishurdi. On an average, BARI Til-2 took the longest maturity period of 91 days and 

Binatil-1 took the shortest maturity period of 81 days. The mutants, SM-03-04, SM-10-04 and 

SM-11-04 took the maturity period of 87 days, 88 days and 88 days, respectively. The mutant 

SM-10-04 had the tallest plant (117cm) having non-significant difference with SM-11-04 

(114cm) and SM-03-04 had the shortest plant (101cm). BARI Til-2 produced the highest number 

of branches (2.8) followed by SM-10-04 (2.5) while Binatil-1 was unicum. The mutant SM-10-

04, Binatil-1 and BARI Til-2 produced the highest number of capsules plant-1 (53) having non-

significant difference with SM-03-04 (48). The mutant SM-10-04 produced the highest number 

of seeds capsule-1 (73) which showed non-significant difference with Binatil-1 and SM-03-04. 

The lowest number of capsules plant-1 was observed in BARI Til-2. Finally, the mutant SM-10-

04 produced the highest seed yield of 1423 kgha-1 followed by the check Binatil-1 (1322 kgha-1) 

and another check BARI Til-2 produced the seed yield of 1236 kgha-1.  

Table 2: Mean performance of sesame mutants and two checks for different quantitative traits in 

2010 

Locations 

 

Mutants/ 

Varieties 

Days to 

maturity 

Plant 

heigh

t (cm) 

No. of 

branches 

 plant-1 

No. of 

capsules 

 plant -1 

No. of 

seeds  

capsule-1 

Seed  

yield 

(kgha-1) 

Magura SM-03-04  91bc 92b 1.9c 63a 74b 1185b 

SM-10-04 89cd 109a 2.8b 58ab 73b 1328a 
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SM-11-04 91b 104a 2.2c 57b 73b 1240b 

Binatil-1  88d 101ab 0.0d 49c 82a 1243b 

BARI Til-2  93a 101ab 3.2a 59ab 67c 1178b 

Ishurdi SM-03-04  84b 110a 0.0b 33c 69ab 1250c 

SM-10-04 88a 124a 2.2a 48b 64bc 1517a 

SM-11-04 85b 124a 0.0b 34c 74a 1150c 

Binatil-1  74c 116a 0.0b 58a 60c 1400ab 

BARI Til-2  89a 113a 2.4a 47b 59c 1293bc 

Combined 

(means 

over  two 

locations) 

SM-03-04 87b 101c 1.0c 48ab 71ab 1218c 

SM-10-04 88b 117a 2.5b 53a 73a 1423a 

SM-11-04 88b 114ab 1.1c 45b 69b 1195c 

Binatil-1  81c 108bc 0.0d 53a 71ab 1322b 

BARI Til-2  91a 107bc 2.8a 53a 63c 1236c 

*Same letter (s) in a column didn’t differ significantly at 5% level of probability 

 

On-station and on-farm yield trial conducted during 2011 showed significant variations for all 

the traits among the mutant and checks in each location and combined over locations except days 

to maturity. The average plant height in all locations revealed that the mutants SM-10-04, SM-

058 and SM-067 were taller in height than Binatil-1 and only SM-067 was taller than BARI Til-

2. The mutant SM-10-04 had higher number of branches plant-1 as compared with variety 

Binatil-1 (unicum) and BARI Til-2. The higher number of capsules as well as higher number of 

seeds capsules-1 in SM-10-04 resulted in significantly higher seed yield in all the locations. The 
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mutant SM-10-04 produced the highest seed yield of 1825 kgha-1 at Jashore and 1763 kgha-1 at 

Magura (Figure 1).  

 

Figure 1. Mean seed yield performance of sesame mutants at different locations during 2011 

 

The results of on-station yield trial during 2012 showed the significant variations for all the traits 

among the mutants and two checks in both locations except for days to maturity (Table 3). The 

tallest plant height was found in the mutants SM-058 and SM-067 at Ishurdi and Magura, 

respectively. The average number of branches ranged from 2.1-3.5, where the mutant SM-10-04 

produced the highest number of branches. The number of capsules plant-1 was significantly 

higher 78 in the mutant SM-10-04 followed by 66 in SM-058 and SM-067 in combined means 

over two locations. Bearing of three capsules axils-1 is one of the important features of the 

mutant SM-10-04. The mutant SM-10-04 produced significantly higher number of capsules as 

well as higher number of seeds capsules-1 which resulted in significantly higher seed yield in 

both locations (average yield 1505 kgha-1). The mutant SM-10-04 beard hairy stems which 

protect them from aphid infestation naturally. 
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Table 3. Mean performance of sesame mutants along with two checks for different quantitative 

traits during 2012 

Locations 

 

Mutant/ 

Varieties 

Days to 

maturity 

Plant 

height 

(cm) 

No. of 

branches 

 plant-1 

No. of 

capsules 

 plant -1 

No. of 

seeds   

capsule-1 

Seed  

yield 

(kgha-1) 

Ishurdi 

SM-10-04 90c 93b 3.5a 88a 67a 1450a 

SM-058 95a 95a 3.3ab 73b 63c 1360b 

SM-067 92bc 90c 2.9b 70b 65b 1260c 

Binatil-2  91bc 87d 3.4a 61c 62c 1270c 

BARI Til-2 93b   90c 3.5a 72b 58d 1280c 

Magura SM-10-04 86c 107c 2.3b 69a 76a 1560a 

SM-058 92a 108c 2.5b 64b 69b 1460b 

SM-067 91ab 113a 2.1b 61b 66c 1420b 

Binatil-2  90b 104d 3.0a 56bc 69b 1275c 

BARI Til-2  89b 111b 3.1a 54c 63d 1325c 

Combine

d means 

over two 

locations 

SM-10-04 88c 101a 2.9b 78a 72a 1505a 

SM-058 93a 102a 2.9b 66b 66b 1410b 

SM-067 91b 102a 2.5c 66b 66b 1340bc 

Binatil-2  90b 96b 3.2a 58d 65b 1273c 

BARI Til-2  91b 101a 3.3a 63c 61c 1302c 

*Same letter (s) in a column didn’t differ significantly at 5% level of probability 
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Overall performance for yield and yield related attributes of the new variety, Binatil-3 has been 

analyzed considering the mean seed yield of all trials conducting during 2009-2012. Four years 

seed yield results show that the new variety Binatil-3 produced the higher mean seed yield (1518 

kgha-1) as well as year-wise seed yield as compared with two check varieties. Two checks, 

Binatil-1 and BARI Til-2 produced the seed yield (average of four years) of 1372 kgha-1 and 

1310 kgha-1, respectively (Figure 2).     

 

Figure 2. Year-wise mean seed yield (kgha-1) of the new variety Binatil-3 as compared to checks 

 

4. Discussion  

Many crops have benefited greatly from induced mutation, including oilseed crops like sesame 

(Das and Haque 1997, Li and Chen 1998, Mehta and Singh 1998, Sorour et al. 1999, 

Govindarasu and Ramamoorthi 2000, Sheeba et al., 2003, 2005, Chowdhury et al., 2009, Diouf 

et al., 2010, Begum and Dasgupta 2010, 2011, 2014). The increases in the number of capsule 

was due to an increase of flowers number and yield characters in some other variety developed 

using gamma rays were reported  in mungbean (Tickoo and Chandra, 1999) soybean (Mehetre et 

al., 1999, Malek et al., 2014, 2022) and grass pea (Waghmare and Mehra, 2000). The increase in 
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the number of capsule plant-1 among sesame mutants was reported by Hoballah (1999). Arslan et 

al. (2007) reported that the gamma-ray-induced mutants having improved plant architecture in 

sesame, including uniform growth habits, closed capsules, and resistance to Fusarium blight.  

The higher number of capsules as well as higher number of seeds capsules-1 in SM-10-04 

resulted in significantly higher seed yield in all the locations [54,55]. These results agreed with 

previous observations of Pathak and Dixit (1992) that reported a positive relationship between 

plant height, capsules plant-1 and seed yield. Positively increase in seed yield due to the effect of 

gamma-rays induction was also reported earlier by many researchers likes in sesame and 

rapeseed-mustard (Malek et al., 2012, Begum and Dasgupta, 2015, Malek et al., 2020). Sureja 

and Sharma (2000), Reddy and Haripriya (1992) also reported a positive and highly significant 

relationship between number of seed capsule-1, number of capsule plant-1 and seed yield plant-1. 

Seed yield is the most important trait for development of a promising crop variety. Mutants of 

oilseed crops having higher seed yield over mother variety also reported in sesame (Das et al., 

1999, Malek & Munshi, 2010, Aristya et al., 2018, Malek, 2020), in rapeseed-mustard (Zhao et 

al., 2009, Ali et al., 2020, Mondal et al., 2020). Throughout the world including Bangladesh, the 

utilization of gamma ray induced mutation techniques for varietal improvement of sesame 

(Bhuiyan et al., 2019, Malek, 2020) and other oilseed crops; particularly in soybean (Malek et 

al., 2022), rapeseed-mustard (Malek et al., 2016, Malek et al., 2020, Bhuiyan et al., 2021) is still 

underutilized. Moreover, the development of mutant variety Binatil-3 indicated the potentiality 

of evolving higher seed yielding variant through induce mutation. 

 

5. Conclusion  
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The newly release mutant variety “Binatil-3” has been developed from Binatil-1. The seed coat 

colour of Binatil-3 is brownish but the seed coat colour of Binatil-1 is creamy and Binatil-1 is 

uniculm but Binatil-3 is branched. This result revealed that induced mutations can be extensively 

and successfully used for the improvement of sesame in respect of changing branching habit and 

different in seed coat colour along with higher seed yield. The mutant also showed lower 

incidence of insect-pests infestation. There is an opportunity to increase cultivable land under 

sesame cultivation which can mitigate the challenges of increasing demand of edible oil in 

Bangladesh. 
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