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ABSTRACT 

 
A study was conducted in Department of Plant Breeding and Genetics, Sindh 
Agriculture University, Tandojam, Pakistan. M1 population of two varieties (DS-
75 and Giza-3) of sorghum (Sorghum bicolor L.), (2n = 2x = 20) derived from 
four irradiation treatments (Co60 gamma source with 10, 20, 30 and 40 kR) was 
critically examined for seedling emergence, days to 50 percent flowering, 
plants with abnormal leaves and stems, earhead length, 1000-seed weight and 
grain yield per plant. Genotypes varied significantly (P <0.01) for all characters. 
Irradiation treatments were instrumental in creating significant variability for all 
traits except earhead length, indicating that varieties did not perform uniformly 
across different gamma rays treatments. However, variety x treatment effects 
were non-significant for earhead length as well as for 1000-seed weight, 
indicating stability of performance for both characters across different 
irradiation treatments. Mutagenic treatments shifted mean values towards 
negative direction for almost all traits. Mutagenic effectiveness was found to be 
dependent upon dose and genotype concerned. Heritability in broad sense 
showed high estimates (ranging from 95.86 to 97.80%) for yield components, 
indicating involvement of additive type of gene action. However, yield 
components failed to show high genetic advance, probably due to non-additive 
gene (dominance and epistasis) effects. 
 
KEYWORDS:   Sorghum bicolor; irradiation; induced mutation; agronomic 

characters; Pakistan. 
 

INTRODUCTION 
 
Sorghum (Sorghum bicolor L.) is an important kharif crop being cultivated for 
grain and fodder production. Sorghum cultivation in Pakistan particularly in 
Sindh, is facing constraints that are limiting its expansion in terms of area and 
sustainable stable yield. High concentration of cattle in Sindh resulting in high 
demand for seed concentrate necessitates that new adaptable varieties of 
sorghum are developed for wider cultivation.  
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Mutation breeding has played a productive role in sustainable agriculture (18, 
19) as it is a supplementary approach for crop improvement which increases 
unselected genetic variability for practical breeding application. It has been 
found that irradiation of seeds increases mutation frequency, promote gene 
recombination and widen the mutation spectrum (25, 35). 
 
Earhead length and 1000-seed weight are the most important yield 
components to determine ultimate crop yield (19) as frequency of induced 
changes in subsequent generation depends on number of seeds which 
transmit them (21). 
 
Yield is a dependent character and is the result of all biological processes 
going on during growth and development of plant (19). General trend of 
reduced yield among mutagenic treated material could be due to pleiotropic 
effects (6, 9). 
 
The present study was designed to compare relative effectiveness of gamma 
rays for inducing improvement in yield and yield components of sorghum 
cultivars having different histories of selection. The study also discusses the 
magnitude of induced changes with particular references to genetic selection 
parameters of yield and yield components. 
 

MATERIALS AND METHODS 
 
This study was conducted in the Department of Plant Breeding and Genetics, 
Sindh Agriculture University, Tandojam, Sindh, Pakistan. Dry seeds of locally 
adapted two important sorghum varieties (2n = 20) viz., DS-75 and Giza-3 
were treated with Co60 gamma source with doses of 10, 20, 30 and 40 kR 
obtained through the courtesy of Nuclear Institute for Agriculture, Tandojam. 
The treated seeds were hand dibbled in the field in a split plot design with 
four replications during kharif 2006-07. Each plot consisted of 5 rows of 4 
meter length spaced at 75 cm. In each row, 105 seeds were planted with 21 
seeds per row. Plant to plant distance within a row was 10.0 cm.  
 
Data on individual M1 plants for seven characters viz. seedling emergence, 
days to 50 percent flowering, percent plants with abnormal leaves, percent 
plants with abnormal stem, earhead length, 1000-seed weight and grain yield 
per plant were collected and subjected to statistical analysis (11). The 
analysis of variance for all traits was carried out separately. Genetic selection 
parameters were estimated only for yield contributing characters such as 
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earhead length, 1000-seed weight and grain yield per plant according to 
method suggested by Breese (5) as under:- 
 

Source of 
variation 

df Mean squares Mean square 
expectations 

Varieties (v-I) MSV δe2 + r δ p 
Error (r-I) (v-I) MSE δe2 

 
Genetic selection parameters were determined using above analysis similar 
to Larik et al.  
 

(i) Genetic variance = MSV-MSE/or = δ2g 
(ii) Phenotypic variance = MSV/r = δ2ph 
(iii) Heritability (b.s) = δ/δ2ph   
(iv) Genetic advance = hw (voph) x k 

 
where MSV and MSE are varietal and error mean squares, respectively from 
analysis of variance, ‘r’ is the number of replications and ‘k’ is constant = 2.06 
at 5 percent selection intensity. 
 

RESULTS AND DISCUSSION 
 

ANOVA (Table 1) shows that mean squares for varieties and doses were 
significant at 1 percent level of probability except earhead length where 
treatment effects were non-significant. This indicates that varieties and doses 
under study varied significantly for all characters. Highly significant mean 
squares attributable to varieties also reveal that significant genetic variability 
existed among cultivars. Varieties x doses interaction mean squares were 
also significant at 1 percent level of probability for all traits except earhead 
length and 1000-seed weight. It indicated that varieties did not perform 
uniformly for these traits across different gamma rays doses. To the contrary, 
non-significant interactions for earhead length and 1000-seed weight 
indicates a consistency in performance of each variety across different 
irradiation treatments. 
 
Table 1. Analysis of variance (mean squares) for seven quantitative traits in M1 

generation of Sorghum bicolor L. under different doses of gamma irradiation. 
 
Source of 
variation 

Df Seedling 
emergence 

Days to 50% 
flowering 

Plants with 
abnormal 
leaves (%) 

Plants 
with 
abnormal 
stem (%) 

Earhead 
length 
(cm) 

1000-seed 
weight 
 (g) 

Yield/ 
plant 
(g) 

Replications 2 1.666 3.33 0.14 0.15 0.077 6.35 0.884 
Varieties 1 562.38** 80.10** 592.74** 48.34** 185.85** 8.66** 7.54** 
Main plot error 2 0.682 2.17 7.50 0.29 4.08 0.29 0.34 
Doses 4 128.24* 21.39** 78.63** 10.32** 0.530NS 8.12** 1.46** 
Interaction (V x 
D) 

4 46.68** 25.09** 6.46** 3.12* 0.81 0.16NS 0.98** 

Sub-plot error 16 2.63 1.21 0.56 0.36 0.72 0.20 0.11 
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NS = Non-significant, **Significant at 1% level of probability. 
Mean varietal performance revealed that there was consistent decrease in 
seedling emergence percentage in M1 generation with increasing radiation 
dosage in both varieties (Table 2). While comparing control and irradiated 
populations in each variety, significant reduction for seedling emergence was 
observed in all doses with maximum reduction of 58.79 and 49.86 percent at 
40 kR dose in DS-75 and Giza-3 varieties, respectively. Reduction in 
biological criteria (seedling emergence) may be attributed to a drop in auxin 
level (12) inhibiting auxin synthesis (32), chromosomal aberrations (22) or 
due to decline of assimilation mechanism (3). However, variety DS-75 proved 
to be more radiosensitive as compared to Giza-3. Similar trend of decreasing 
effect with icreasing doses of gamma rays has also been reported by Aslam 
and Siddiqui (1), Hanna (14) and Odeigah et al. (27). 
 
Table. 2. Mean values for seven quantitative characters in M1 generation of two 

varieties of Sorghum bicolor L. under different doses of gamma irradiation. 
 
Doses 

 
Seedling 

emergence 
(%) 

Days to 
50% 

flowering 

Plants with 
abnormal 

leaves (%) 

Plants 
with 

abnormal 
stem (%) 

Earhead 
length 
(cm) 

1000-seed 
weight (g) 

Yield/ 
plant (g) 

Variety DS-75 
Control 91.00a 70.81a 1.61e 1.73d 21.35a 30.00a 39.75a 
10kR 60.10b 69.10ab 10.05d 10.81c 21.56a 30.90a 40.15a 
20 kR 51.10bc 67.40bc 22.75c 12.5abc 21.21ab 27.75b 37.15b 
30 kR 49.00c 63.50c 27.75b 13.14b 20.69b 25.81c 36.95bc 
40 kR 36.21d 59.45d 35.80a 18.19a 19.25c 23.75d 35.75c 

Variety Giza-3 
Control 90.00a 75.20a 1.99e 1.45d 28.00a 34.01a 40.35a 
10kR 65.00b 69.50b 13.25d 9.49c 28.95a 34.92a 41.45a 
20 kR 60.00bc 65.10c 23.29c 11.91bc 27.94ab 31.75b 38.80b 
30 kR 51.10c 60.50d 31.75b 12.62b 27.25b 29.70c 37.50bc 
40 kR 40.14d 58.10de 40.29a 16.00a 26.50bc 28.50cd 35.95c 
 
Mean values of days to 50 percent flowering in case of irradiated populations 
(Table 2) in both varieties were consistently shifted towards earliness. It is 
valuable in obtaining early maturing varieties associated with escape from 
pests, drought and other stress injuries that occur in late growing season 
(32). Earliness in flowering has also been observed in Pennisetum 
americanum by Aslam and Siddiqui (1). Maximum decreases in days to 
flowering date (21.36 and 17.10 days) was shown by varieties DS-75  and 
Giza-3 at 40kR dose. Difference in effect of gamma rays might be due to 
seed metabolism and onset of DNA synthesis (30). However, variety DS-75 
proved to be more radiosensitive. Khundi et al. (16) reported differential 
sensitivity within crop and even genotype. Sensitivity depends upon its 
genetic architecture and dose employed (4) besides DNA amount, its 
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replication time at initial stages and degree of heterochromatin. The present 
results provide support to hypothesis of Gaul and Asistveit (10) which states 
that changes in mean values of quantitative characters occurs in the direction 
associated with reduced vitality independent of genotype used. In particular, 
all irradiated populations which were earlier than mean of control and each of 
these populations had low yield, indicative of reduced vitality. Uma and 
Salimath (33) in cowpeas, Ashraf et al. (2) in basmati rice and Khatri et al. 
(15) in Brassica juncea reported early flowering due to gamma irradiation. 
 
There was consistent increase in percent plants with abnormal leaves and 
stems with increasing radiation doses (Table 2). Maximum plants with 
abnormal leaves and stem were recorded in variety DS-75 (35.80%) and 
Giza-3 (40.29%) at 40 kR dose. M1 generation contained plants with 
variegated leaves, fascinated stems and other morphological abnormalities in 
Sorghum bicolor (27). Variety Giza-3 was more radiosensitive as compared to 
variety DS-75 with respect to percent abnormal leaves and stems. Studies on 
radiosensitivity of cereals have shown that radiosensitivity of plants is 
affected by various protective agents or sensitizers (34). 
 
Irradiation doses displayed negative effects on these traits. Every additional 
dose of irradiation progressively reduced earhead length and 1000-seed 
weight in both cultivars except 10 kR treatment where non-significant 
increase was recorded in variety DS-75 and significant increase in variety 
Giza-3. Maximum reduction in earhead length (2.10 and 0.50 cm) and 1000-
seed weight (6.21 and 6.90 g) was observed at 40 kR dose in variety DS-75 
and Giza-3, respectively. Overall reduction in these parameters at higher 
doses of gamma irradiation may be partly due to the fact that cells having 
relatively more chromosomal damage at high irradiation exposures, are 
disadvantage due to diplontic selection and cannot complete well with normal 
cells and are thus prevented from making any further contribution (31). 
Similar depression effects of gamma irradiations were also reported by Aslam 
and Siddiqui (1) in Pennisetum americanum and Cheema and Atta (7) in 
Oryza sativa L. 
 
Mean yield per plant in M1 generation has shown shift towards negative 
direction except 10 kR dose which is in agreement with findings of earlier 
workers (2, 24, 28, 30). Present results suggest that lower dose (10 kR dose) 
of gamma radiation can be useful for breeding point of view for selecting 
higher yielding plants in early generation. Non-significant increase in mean 
value observed during present studies in mutagenized culture may be related 
to selection effect (13). The success of selection will, however, be greater in 
subsequent generations when there will be increased recombination and 
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elimination of cytological variants (19, 22). From breeding point of view 
increased variation assumes greater significance. Frey (8) reported that 
mutagen derived variability for quantitative characters in crop plants is 
heritable and response to selection is good. Use of relative value of this 
source of variability in crop improvement, therefore, depends almost entrirely 
upon nature of phenotypic expression caused by mutations induced at 
polygenic loci. It is only necessary to know if such deviation from the mean is 
identical and unidirectional for all yield components. The results indicated that 
change in means is always unidirectional and is effective for all traits, 
supporting conclusions of Bateman (3) and Oka et al. (26) that induced 
genetic changes are unidirectional and negative and highly selected or 
adapted characters bring a greater shift in mean and a greater asymmetry in 
distribution (6). 
 
Table 3. Estimates of genetic selection parameters for yield and yield components in 

Sorghum bicolor L. after gamma irradiation. 
 
Characters Genotypic 

variance (ō2 g) 
Phenotypic 
variance (ō2ph) 

Heritability % 
(b.s) 

Genetic 
advance 

Earhead length 45.44 46.46 97.80 13.63 
1000-seed weight 2.09 2.16 96.75 2.91 
Yield/plant 1.80 1.88 95.86 2.69 
 
Genetic selection parameters computed through variance component method 
(Table 3) for three yield components reveal that earhead length, 1000-seed 
weight and grain yield per plant exhibited wide range of genotypic and 
phenotypic variance. Maximum genotypic variance (45.44) was shown by ear 
head length followed by 1000-seed weight (2.9). Phenotypic variances were 
larger compared to genotypic variances for all three traits indicating the 
influence of environmental effects. Heritability in broad sense indicates the 
effectiveness with which selection for a genotype can be based on 
phenotypic performance. All three traits displayed higher estimates of broad 
sense heritability. However, these traits failed to show higher estimates of 
expected genetic advance. This indicates that higher heritability in broad 
sense does not necessarily provide higher values of genetic advance and 
hence heritability alone provides no indication for amount genetic progess 
that can be achieved through selection (17). High heritability associated with 
low genetic advance for these traits is probably due to non-additive gene 
(dominance and epistasis) effects (23). However, when estimates of 
heritability are used in conjuction with GA it indicates the feasibility of 
improvement in different traits. Breeders are interested in positive induced 
changes leading to genetic improvement of specific trait and selection of 
economically important mutants. For breeding purpose mutagenic treatments 
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with low physiological effects and strong genetic effects are desirable. 
Therefore, present studies concludes that 10 kR dose of gamma rays is more 
desirable which resulted in low plant injury but higher genetic effects. 
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