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ABSTRACT   

Three genotypes of sesame viz. TS3, Sanghar-1 and GP3804 were got irradiated 
with gamma rays ranging from 100Gy to 800Gy and were grown as M1 
generation during kharif, 2003. The desirable mutants were selected from 
segregation population (M2) during 2004 and confirmed during 2005 in M3 
generation. The selected true breeding lines were studied further for their 
different genetic behavior in respect of morphological/agronomic and 
economic traits. Based on these genetic information, six true breeding lines 
(NS11-2, NS11P2, NS100P2, NS103-1, NS240P1 and NS260) possessing higher 
seed yield alongwith disease resistance/tolerance and other desirable 
attributes were selected. These were evaluated for three consecutive years 
from 2006 to 2008, in station yield trials at Nuclear Institute for Agriculture and 
Biology, Faisalabad, Pakistan. The morphological attributes like days to flower, 
days to maturity, plant height, number of branches, capsule length, seeds per 
capsule, number of capsules, 100 seed weight, biomass yield, harvest index 
and seed yield were recorded. The data were subjected to analysis of variance 
and stability parameters for seed yield were computed. The results of combined 
analysis of variance showed highly significant differences among genotypes, 
environment and their interaction (genotypes x environment). It indicated that 
variation exists in the genotypes performance under different sets of 
environment during three consecutive years. Overall mean seed yield 
performance indicated that mutant line NS100P2, NS11-2 and NS103-1 
produced higher seed yield (1871, 1547 and 1439 kg/ha) as compared to other 
mutant lines standard check TS3 and grand mean. NS100P2 had regression 
coefficient more than unity, hence is suitable for favourable environments to 
some extent. Similarly NS11-2 had also regression coefficient more than unity 
and standard deviations not near to zero. This mutant line had also poor wide 
adaptation. The mutant line NS103-1 proved as more stable because it 
produced higher mean seed yield alongwith regression coefficient near to unity 
and deviation to regression was almost near to zero. Morphological attributes 
of sesame mutants revealed that NS 260 showed an edge of earliness of three 
weeks (85 days) over the standard check TS3 (110 days). Further, this mutant 
line is resistant to lodging and withstands against heavy rains and wind storm. 
All mutant lines under study also showed more harvest index and more 
resistance to phyllody disease as compared to standard check TS3.  
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INTRODUCTION 
 
Pakistan is facing an acute shortage of edible oil. The country is producing 
only 30 percent of its requirement while 70 percent is being met through 
import costing Rs. 137 billion annually. Sesame seed is a rich source of 
edible oil and is an import substitute/export item, earning about 19.3 million 
US$ annually (3). 
 
Although sesame is a conventional edible oilseed crop of Pakistan, yet its 
average seed yield (428 kg/ha) is very low (2). The reason for low seed yield 
is poor yielding varieties/cultivars grown presently combined with improper 
management practices. Actually no proper attention has been paid to improve 
this high priced crop having 50-58 percent oil and 25 percent protein in its 
seed. Presently two cultivars viz. TS3 and Til 89 are being cultivated which 
are simply the collection and selection of locally available germplasm from the 
farmer’s field (15). To bridge the huge yield gap and to exploit the available 
cultivated area economically, it is entirely necessary to evolve new sesame 
germplasm having high seed yield and disease resistance which are the main 
causes of low yield. Induced mutations are a good source of creation of 
genetic variability and have successfully been used for developing many 
useful traits. In Korea, a mutant variety of sesame with the name of 
Ahnsankkae was developed in 1984 by 20 Kr of X-ray irradiation, occupying 
31 percent of total sesame area because of its high seed yield, uniform 
maturity and disease resistance. Suwonkkae was another variety developed 
through mutation and cross breeding techniques (14). Potan et al. (20) 
obtained mutants with disease resistance, large seed size and higher seed 
yield by using gamma irradiation. Rajput et al. (22) also isolated sesame 
mutants with earliness in flowering, short stature, mono stem, heavy bearing 
and high seed yield by treating the local germplasm with gamma irradiation 
ranging from 100-800 Gy. Ashri (4) selected a determinate sesame mutant 
which was induced in local Israeli variety No. 45 by 500 Gy of gamma rays. 
Rahman and Das (21) also obtained sesame mutants having earliness, long 
capsule, indehiscent and tolerance to water logged condition by employing 
gamma rays to two local varieties S30 and T-6. Emphasizing the significance 
of different traits of sesame, Uzun and Cagirgan (34) and Jamie et al. (13) 
observed that short maturation period alongwith high harvest index is the 
most necessary attribute for developing determinate and high yielding 
varieties of sesame. Mutation breeding work at Nuclear Institute for 
Agriculture and Biology (NIAB), Faisalabad, Pakistan since 2003 has resulted 
in the evolution of high yielding, early maturing and disease resistant mutants 
of sesame through the use of induced mutation and other breeding 
techniques.   
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Seed yield is a multifaceted character and its ability is the result of favourable 
interaction of genotype with the environment. Specific response of a genotype 
may be observed in particular environment and its stable performance over 
different environments is a desirable characteristic, which depends on the 
magnitude of genotype x environment interaction (1). A genotype is 
considered to have agronomic stability if it yields well with respect to the 
productive potential of test environments (22). Eberhart and Russell (9) model 
has been widely used to study stability parameters i.e. mean seed yield, 
regression coefficient and deviation from regression. 
 
The objective of present study was to evaluate the performance of newly 
developed sesame mutants and to determine their seed yielding ability, 
magnitude and nature of G x E interaction and stability characteristics under 
different environmental conditions. 
 

MATERIALS AND METHODS 
 
Three genotypes of sesame viz. TS3, Sanghar-1 and GP3804 were irradiated 
with five doses of gamma rays  (100, 200, 400, 600 and 800 Gy) and M1 
generation was raised during kharif 2003. The desirable mutants were 
selected from segregation population (M2) during 2004 and confirmed during 
2005 in M3 generation. The selected true breeding lines were studied further 
for their different genetic behavior in respect of morphological/ agronomic and 
economic traits (26, 27, 28). Based on these genetic information six true 
breeding lines (NS11-2, NS11P2, NS100P2, NS103-1, NS240P1 and NS260) 
possessing higher seed yield and disease resistance/tolerance and other 
desirable attributes were selected. These were evaluated alongwith a check 
TS3 for three consecutive years from 2006 to 2008 in station yield trials at 
NIAB, Faisalabad, Pakistan. During 2008, two sets of trial were conducted as 
2008-I and 2008-II in different plots. Each genotype/mutant was planted in 
four rows of three meter length in three repeats keeping inter and intra row 
spacings of 45 and 15cm, respectively. The morphological attributes like days 
to flower, days to maturity, plant height, number of branches ,capsule length, 
seeds per capsule, number of capsules, 100 seed weight, biomass yield, 
harvest index and seed yield were recorded. The analysis of variance of four 
experiments for seed yield was performed for each year separately and 
combined analysis of variance for the same set of experiments was also 
performed following Steel and Torrie (33). Stability parameters were 
computed following Eberhart and Russell model (9) by keeping seed yield as 
fixed variable and years as random environment. The seed yield, regression 
coefficient (bi) and standard deviations from regression (Sd2) were obtained 
as parameter of stability. 
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RESULTS AND DISCUSSION 
 
Seed yield data collected during 2006 (Table 1) indicated the superiority of 
mutant line NS100P2 which produced significantly higher seed yield (3422 
kg/ha) followed by NS11-2 (2681 kg/ha), NS 260 (2548 kg/ha) and NS 103-1 
(2340 kg/ha) against check TS3 (1407 kg/ha). NS100P2 again produced 
higher seed yield (1785 kg/ha) during 2007 followed by NS11-2 (1580 kg/ha) 
and NS11P2 (1573 kg/ha) but differences were non-significant with standard 
check TS3 (1381 kg/ha). During 2008-I, NS11-2 excelled in seed yield (1257 
kg/ha) followed by NS100P2 (1222 kg/ha) and NS103-1 (1171 kg/ha) against 
check TS3 (738 kg/ha). In 2008-II, maximum seed yield was recorded in 
mutant NS100P2 (1053 kg/ha) followed by NS11P2 (953 kg/ha) and NS260 
(919 kg/ha) as compared to check (567 kg/ha). On overall mean basis 
significant differences in seed yield were noted among sesame mutants. The 
highest seed yield was recorded in NS100P2 (1871 kg/ha) followed by NS11-
2 (1547 kg/ha) against TS3 (1023 kg/ha) (Table 1). 
 
Table 1. Seed yield (kg/ha) of sesame in advanced lines yield trials during 2006-2008 . 
 

Sr. 
No. 

Mutants  2006 2007 2008-I 2008-II Mean 

1 NS11-2 2681b 1580a 1257a 668bc 1547b 
2 NS11P2 2000e 1573a 970ab 953ab 1374bc 
3 NS100P2 3422a 1785a 1222a 1053a 1871a 
4 NS103-1 2340d 1480a 1171a 762abc 1439b 
5 NS240P1 1867f 1450a 901ab 537c 1189cd 
6 NS260 2548c 512b 786b 919ab 1191cd 
7 TS3 (standard check) 1407g 1381a 738b 567c 1023d 
 Grand mean     1376 

 
Combined analysis of variance (Table-2) showed highly significant 
differences among genotypes, environment and their interaction (genotypes x 
environments) which indicated the variation in genotypic performance under 
different sets of environment. This significant interaction also indicated to 
existence of variation in genetic makeup of mutant lines/varieties, and 
significant variation in the environments/seasons during which the 
experiments were conducted. The highly significant differences in interaction 
of genotypes x environment also strongly support about the performance of 
stability analysis. The significant genotype x environment interaction may be 
either a crossover G x E interaction or a non-crossover. In crossover, 
significant change in ranks occurs from one environment to another (19) and 
non-crossover, the ranking of genotypes remains constant across 
environments and the interaction is significant due to change in magnitude of 
response (5, 6, 19). In present study significant G x E interaction was of a 

J. Agric. Res., 2010, 48(4) 



Performance of newly developed mutants of sesame 449

crossover nature. Chand et al. (8) also observed genotypes x environmental 
interactions as significant for six new Ricinus communis hybrids and earlier 
hybrids GAUCHI and GCH3. 
  

Table 2. Combined analysis of variance of seed yield of sesame in advanced 
yield trials. 

  
SOV  DF  Sum of squares Mean squares  F value 
Replication  2 29429.238 14714.619 0.2735NS 
Factor A (genotypes)  6 5653237.476 942206.246 17.5158** 
Factor B (environment) 3 29194248.321 9731416.107 180.9094** 
A x B 18 6517213.762 362067.431 6.7309** 
Error  54 2904748.762 53791.644 - 
Total  83 44298877.560 - - 

 
Kumari et al. (16) studied 13 genotypes of castor (R. communis) in three 
environments with three different dates of sowing at monthly intervals. 
According to Eberhart and Russell’s model (9), genotype x environment 
interaction was significant for most of the characters, indicating to wide 
differences between environment and behaviour of genotypes. However, 
early sowing (18th July) was the most suitable environment for this crop as the 
majority of genotypes produced high seed as well as oil yield. Koutroubas et 
al. (17) studied the adaptation and yielding ability of 19 modren R. communis 
genotypes in 1995-97 at Thessaloniki, Loudias, and N. Greece. They noted 
that plant height was dependent mainly on the genotype but also was 
affected by site and year, and ranged from 79 to 278 cm. Seed yield ranged 
between 2.5 and 5.0 Mg/ha, the highest reported in the literature. Seed yield 
was higher at Loudias, where plants produced and ripened more secondary 
racemes. The seed oil content was dependent mainly on the genotype and 
ranged from 44.5 to 54.2 percent. The oil yield followed the pattern of seed 
yield. The variation in seed yield between years was low and in most 
genotypes it was less than 20 percent. These results indicate that R. 
communis is satisfactorily adapted in this area. Singh et al. (31) studied 18 
genotypes of sesame (Sesamum indicum) for stability parameters for seed 
yield and its components at Mauranipur during kharif 1993 to 1995. 
Genotype-environment interaction was observed for all the traits. Linear as 
well as nonlinear components accounted for the interaction for all the 
characters except number of primary branches per plant. However, the 
former contributed to a greater extent. MT-5 performed well for seed yield per 
plot. The entries TC25 and T13 were found to be stable for most characters, 
including seed yield per plot. Govindarasu et al. (11) evaluated 51 mutants 
and recombinants of sesame for stability parameters. From these, 16 entries 
[4 from irradiation of varieties (M4), 5 from hybridization (F4) and 7 from 
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irradiation of hybrids (F4M4)], surpassed the controls TMV3, TMV4 and 
TMV6 in yield. These 16 selections matured in 76-92 days as compared to 
85-90 days required by the controls, and oil content ranged from 48.95 to 
52.84 percent (50.33-52.34% for the control).  
 
Sojitra and Pethani (32) studied stability parameters in groundnut and found 
the importance of non-linear components. An unpredictable portion of GE 
interaction was present. They further observed that genotypes with high 
shelling percentage were suitable for favourable environments. Bold podded 
cultivars were insensitive to changing environmental conditions, while the 
high shelling percentage genotypes showed wide adaptation. Laurentin and 
Montilla (18) evaluated stability parameters employing different stability 
parameters using eight genotypes of white grains sesame for yield in three 
years during 1995,1996 and 1998. None of the genotypes showed stable 
performance over the years according to Eberhart and Russell model (9). 
Hassan and Abdalla (12) evaluated sesame genotypes for four consecutive 
years. Both individual and combined analysis variance showed significant 
differences among the genotypes for different economic traits under study. 
Genotypes x year interaction was also significant. Velu and Shunmugavalli 
(35) studied 40 sesame genotypes for three seasons. Stability parameter 
indicated that five genotypes were stable across the environments. According 
to the stability index, the summer season was identified as the best 
environment for growing the present set of genotypes. Shim et al. (30) testing 
seven varieties of sesame in a set of fifteen environments observed 
significant differences in G x E interaction. It was concluded that specific 
genotypes for specific environment are needed in order to maximize grain 
yield in sesame. 
 
Pooled analysis of variances (Table 3) showed highly significant differences 
with respect to environments (E), genotypes (G), environment + genotypes x 
environments (E + G x E) and environment linear (EL). However, G x E and G 
x E (EL) and pooled deviation showed non-significant differences. Contrary to 
this, in case of combined analysis the varieties x environment showed highly 
significant differences (Table-2) (1023 to 1871 kg/ha). All mutant lines 
showed higher seed yield than standard check TS3 (Table 4). Four 
genotypes (NS11-2, NS11P2, NS100P2 and NS103-1) showed significant 
differences with standard check TS3. These four lines also showed higher 
seed yield than grand mean (1376 kg/ha). Other two mutant lines viz. 
NS240P1 and NS 260 showed non-significant differences in seed yield with 
standard check TS3. Maximum seed yield was estimated in NS100P2 (1871 
kg/ha) followed by NS11-2 (1546 kg/ha) and NS103-1(1439 kg/ha). 
Table 3. Pooled analysis of variance for seed yield of sesame in advanced   
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                yield trials.  
 

SOV  DF Sum of squares Mean. F value  
Total  27 13727916.000 508441.334 60167** 
Environments (E)  3 9667841.000 3222613.750 39.091** 
Genotypes (G) 6 1880256.000 313376.000 3.801** 
G x E  18 2179819.000 121101.055 1.4689NS 
E + G x E 21 11847660.000 564174.313 6.8435** 
E (Lin) 1 9667842.000 9667842.000 117.2733** 
G x EL  16 1025679.000 170946.500 2.074NS 
Pooled deviation.   14 1154139.000 82438.500 1.573NS 
Pooled error 56 2934178.000 52396.035 - 

 
Table 4. Stability parameters of seed yield of sesame in advanced yield trials (2006-
2008). 
 

Sr. 
No.  

Genotypes Mean seed 
yield (kg/ha) 

Regression 
coefficient (bi) 

Standard deviation to 
regression (Sd2) 

1 NS11-2     1547b 1.222 0.137 
2 NS11P2     1374bc 0.706 0.144 
3 NS100P2     1871a 1.585 0.111 
4 NS103-1     1439b 0.979 0.084 
5 NS240P1     1189cd 0.824 0.188 
6 NS260     1191cd 1.145 0.514 
7 TS3 (standard check)     1023d 0.539 0.243 
 Grand mean     1376 kg/ha   

 
Regression coefficient (bi) was maximum in mutant NS100P2 (1.585) 
followed by NS11-2 (1.222) and NS260 (1.145). Mutant NS103-1 had 
regression coefficient value almost near to one (0.979). Standard deviation to 
regression ranged from 0.084 to 0.514 with maximum value in mutant NS260 
and minimum in NS103-1. 
 
Some earlier workers (10, 30, 35) computed and interpreted interaction of 
environments x genotypes in different ways. Finley and Wilkinson (10) 
estimated for each variety a linear regression of its yield on the mean yield of 
all varieties for each location. Accordingly a stable variety is the one for which 
the regression coefficient does not differ from zero (i.e. b=0 within the limits of 
sampling error) and thus, stability is defined as consistency in performance of 
a variety over varying environments. However, some scientists (9, 22, 24, 25) 
considered regression coefficient (b) as parameter of response and standard 
deviation to regression (Sd2) as the parameter of stability. Accordingly b value 
near to 1.0 indicates less response to environmental changes and hence 
more adaptiveness. A high value of b will mean that variety is more 
responsive. Such variety may, therefore, be recommended only for highly 
favorable environments, say under high fertility conditions. If b value is 
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negative then variety may be grown only in poor environment. Thus a 
genotype with unit regression coefficient (b) and the deviation not significantly 
different from zero (Sd2=0) is said to be the stable genotype.  
 
In this study although mutant line NS100P2 produced higher seed yield but it 
had regression coefficient more than unity, hence could not be regarded as 
stable one with regard to its performance behavior. However, to some extent 
it had second lowest deviation to regression (0.111) which gave its 
satisfactory performance over the years, although it showed some 
fluctuations during three consecutive years. NS11-2 was the second highest 
seed yielding (1547 kg/ha) but like NS100P2 it had regression coefficient 
value more than unity (1.222) and the value of standard deviation to 
regression (0.137) was also not near to zero. This is also the indication of 
instability. NS103-1 was the third highest seed producing mutant with 
regression coefficient almost near to unity (0.979) and deviation to regression 
with minimum value (0.084) although not yet near to zero, but still in this 
study it was regarded as the most stable mutant. Mutant NS103-1 also had 
seed yield (1439 kg/ha) more than check variety TS3 (1023 kg/ha) and also 
more than grand mean (1376 kg/ha). 
 
The stability of standard approved variety TS3 was also not upto the mark 
(Table 4). It showed zig zag performance during three consecutive years. It 
produced less yield, with regression value less than unity (0.539) and value of 
standard deviation to regression was also not near to zero (0.243). This 
instable performance of TS3 may be due to its genetic break down against 
different biotic and abiotic stresses. Overall the results indicated that mutant 
lines NS100P2, NS11-2 and NS 103-1 produced higher seed yield than other 
mutant lines, standard check TS3 and grand mean. NS100P2 had regression  
 
Table 5. Morphological attributes in advanced yield trials (2006-2008). 
 

Mutants  
 

Days to 
maturity 

Plant 
height 
(cm) 

No. of 
branches/ 

plant 

Capsule 
length 
(cm) 

Seeds/ 
capsule 

No. of 
capsules/ 

plant 

Harvest 
index 
(%) 

Phyllody 
(%) 

NS11-2 103.33 167.22 9.66 2.78 72.22 173.11 25.00 0.00 
NS11P2 103.00 171.88 12.11 2.81 74.66 210.33 16.67 0.00 
NS100P2 103.66 173.66 9.55 2.79 75.23 178.88 30.07 0.00 
NS103-1 103.33 172.78 7.94 2.99 73.11 182.33 26.40 0.00 
NS240P1 103.33 165.33 8.00 2.75 73.33 146.11 24.90 0.00 
NS260 85.33 109.77 3.24 2.69 75.06 125.31 33.33 0.56 
TS3 110.0 172.44 9.89 2.85 70.55 146.66 11.17 1.007 
CV (%) 7.51 14.32 32.13 3.21 1.65 17.15 31.92 181.80 

 
coefficient more than unity, hence is suitable for favourable environments to 
some extent. Similarly, NS11-2 had also regression coefficient more than 
unity and standard deviations not near to zero. This mutant line had also poor 
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wide adaptation. The mutant line NS103-1 produced higher mean seed yield 
alongwith regression coefficient near to unity and deviation to regression was 
also almost near to zero, hence it could be considered  as more stable than 
others according to Eberhart and Russell model (9).  
 
Morphological attributes of sesame mutants (Table 5) revealed that NS260 
showed an edge of earliness of three weeks (85.33 days) over standard 
check TS3 (110 days). Further, this mutant line is resistant to lodging and 
tolerates heavy rains and wind storm. All mutant lines also showed more 
harvest index and resistance to phyllody disease as compared to standard 
check TS3.  
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