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ABSTRACT
Gamma irradiation effects were studied on two sunflower varieties viz; Syngenta and Highsun. The seeds of said varieties were exposed to different doses of gamma rays i.e., 5, 10, 15, 20, and 25 Krad at Nuclear Institute of Food & Agriculture, (NIFA) Peshawar. The irradiated seeds were grown in the green house during 2010-2011 at University of Science and Technology Bannu, Khyber pakhtunkhwa, Pakistan.  Result revealed that high reduction was observed in mean values for majority of parameters like days to maturity, seeds flowering head-1and 100 seeds weight head-1 in response to higher doses of gamma rays (20 and 25 Krad) in both varieties. However increase was noted in seeds per flowering head due to 15 Krad dose of irradiation in both varieties. Higher doses of 20 and 25 Krad also created some abnormalities i.e. low germination percentage in both genotypes. Moreover, it was also observed that higher doses of radiation reduced mean values for days to emergence, maturity, seeds per head-1 and 100 seeds weight while intermediate dose (15 Krad) showed beneficial effects for seeds per head-1 and 100 seeds weight. 
Key words: Mutation, doses of gamma rays, sunflower varieties viz; Syngenta and Highsun.
INTRODUCTION
Sunflower (Helianthus annuus L.) is an important oil seed crop in temperate countries such as Russia, Bulgaria, Canada, India and Pakistan.  Sunflower is cultivated as a spring crop (April to May) and fall crop (September to October). If sown in March, can be easily harvested in 100 days during May/June. Sunflower is a rich source of cooking oil. The oil content ranges from 46 to 52 %. Sunflower oil is of high quality, and having non-cholesterol and anti- cholesterol properties.  A crop raised under irrigated and rain fed condition yield 500 and 400 kg ha-1 respectively. Sunflower oil use is increasing in Pakistan because of multifarious uses in maintaing good health. Sunflower is the third largest in the world following soybean and palm oil. Sunflower oil contains linoleic and linolinic acids which reduce blood cholesterol level and maintains the required blood glucose level. Diseases are the major limiting factors of sunflower production in the world, and sunflower acts as a host for several types of infectious micro organism mostly fungi, which reduces yield and quality (Gulya et al., 1997). In region, where water scarcity is the principal limiting factor for cultivation, farmers are interested in growing crops that are able to adapt to drought conditions. Sunflower has been recognized as a crop with high potential that can successfully meet future oil requirements. We may take maximum advantage of this crop because of potential in the environment of Pakistan.
Mutation breeding experiments have been conducted on most crop species including barley, rice, peanut, sunflower etc. Swedish scientists were very vigilant to discover the possible application of radiation for the improvement of crops quality and quantity. In cereals they discovered mutants in barley. The new variety so released was superior to its mother variety in some characteristic like stiffness of straw, early in maturity, high protein contents etc. Anderson and Olsson (1954) worked out that the increase in yield and oil content in case of sunflower and white mustards was due to radiation treatments.These encouraging results gave impulsive vision to other plant breeders to produce varieties of crop plant capable of performing certain functions in a more efficient manner than do varieties currently in existence. The plant breeders attempt to achieve this elusive objective by manipulating genetic variability into a wide array of combinations of characters and then selecting those best suited to their needs. Therefore, the present research work was carried out to evaluate the effect of different radiation treatments on sunflower varieties viz; Syngenta and Highsun regarding plant growth and yield components. Also to screen out the significance of radiation on different parameters to investigate the more productive strains.
MATERIALS AND METHODS
Present study was conducted in sowing period of 2010-2011 to ascertain the effective levels of gamma radiation on varieties of sunflower (Helianthus annuuus L.).  Germplasm of two varieties viz. Highsun and Syngenta were used to expose to different doses of radiations and were grown in green house at University of Science and Technology, Bannu, Khyber Pakhtunkhwa, Pakistan. The cultivars were obtained from Agriculture Research Institute, Tarnab Farm, Peshawer. Later on the seeds were treated with 10, 15, 20 and 25 Krad doses of gamma radiation through CO6o gamma source at Nuclear Institute of Food & Agriculture, (NIFA) Peshawar. The size of plot was kept 292.6 cm length and 233.8 cm width with keeping three replications. The Data were recorded on Days to emergence, days to maturity, plant height, seed per head and 100 seed weight.



Table I Analysis of variance of recorded parameter
	Source
	Days to emergence
	Maturity Time
	Plant height
	Seeds head-1
	100 seed weight

	Rep.
Treat.(A)
Error
Variety(B)
AB
Error
	0.23
6.78**
1.36
0.30
1.55
0.80
	4.90
7.37**
0.94
0.13
0.97
1.00
	11.43
176.88**
22.81
168.03.30
120.35
56.67
	7307.64
300176.30**
12998.05
485395.20
184216.87
2295.24
	3.03
7.37**
1.69
3.14
5.13
2.89



**= Significant at 5% level of probability

RESULTS AND DISCUSSION
Days to emergence
Analysis of variance (Table I) represents that differences found in mean values due to radiation doses were highly significant. The difference in the mean values due to varietal affects for days taken to germination were non-significant. The days taken to germination were 12.27 and 14.00 for Syngenta variety and Highsun variety respectively. Effect of interaction between varieties and gamma rays doses were noted as non-significant. The mean values for days to germination ranged between 12.00 to 17.00 for Syngenta variety and 12.00 to 16.00 for Highsun variety (Table II). The increase in the mean values due to 25 Krad doses was calculated as 61.30% for Syngenta variety and 68% for Highsun variety as compared to their respective controls. These results are in quite conformity with those reported by Horvat (1961), Matsumura (1959) and Penic (1963). The comparative efficiency of Syngenta variety and Highsun variety of sunflower is also highlighted in Fig. I.


Table II.  Effects of gamma radiation on number of days to emergence of sunflower varieties.

	TREATMENTS
	SYNGENTA  V1
	HIGHSUN  V2
	MEAN

	T1(CONTROL)
T2 (10 KRAD)
T3 (15 KRAD) 
T4 (20 KRAD)
T5 (25 KRAD)
	12.00 
15.00 
16.00 
16.34
17.00 
	12.00
13.00
13.34
15.67
16.00
	12.00 C
14.00 C
14.67 B
16.00 A
16.50 A

	MEAN
	12.27 a
	14.00 b
	


Mean were significantly different at 0.05level of probability using LSD test



Fig.I. Effects of gamma radiation on number of days to emergence of sunflower varieties.
Days to maturity
Analysis of variance (Table I) presented revealed that the differences in the mean values due to varietal effect were calculated as non-significant where as for doses it was highly significant. Although non-significant differences in the mean values due to interaction between doses and varieties were obtained. As evident from Table III, the difference in the mean values due to varietal affects for the parameter like days taken to maturity were 92.27, 92.14 for Syngenta and Highsun varieties respectively Table III. It was observed that at 25 Krad doses, days to maturity increased in both the varieties. Syngenta variety took Maximum 93.67 and Highsun variety 92.67 respectively at 15 Krad dose. The interaction between varieties and doses was found non-significant and the value ranged from 90.00 to 93.67 for Syngenta variety and 90.00 to 93.00 for Highsun variety respectively. The data regarding, the total days taken to maturity indicated that various gamma rays doses retarded the time required for maturity. However, the varietal response showed non-significant differences for the mean values, and the interaction between the varieties and doses also reflected non-significant differences for the mean values. Similar results have also been floated by Konzak et al., (1979). Comparative efficiency is shown in Fig II, with reference to effect of gamma radiation on days to maturity of the varieties of sunflower.

Table III . Effects of gamma radiation on days to maturity 
	
Fig II. Effects of gamma radiation on days to maturity of sunflower varieties. 


               of sunflower varieties. 

	TREATMENTS
	SYNGENTA  V1
	HIGHSUN  V2
	MEAN

	T1 (CONTROL)
T2 (10 KRAD)
T3 (15 KRAD) 
T4 (20 KRAD)
T5 (25 KRAD)
	90.00
92.67
93.67
92.00
93.00
	 90.67
93.00
92.67
92.34
92.00
	90.34 A
92.84 A
93.17 A
92.17 A
92.50 B

	MEAN
	92.27 a
	92.14 b
	



Mean were significantly different at 0.05 level of probability using LSD test.

Plant height (cm)
Analysis of variance (Table I) for plant height in two varieties of sunflower i.e., Syngenta and Highsun variety, indicated that difference in mean values due to radiation doses were highly significant, while non-significant for the mean values between varieties and doses. The difference found in the mean values due to varietal effect was observed as non-significant. Differences recorded for plant height were in the range of 45.20 cm and 49.94 cm for Syngenta and Highsun varieties respectively. It is evident from Table IV that increase in the mean values of Highsun variety for plant height (cm) was 4.74 cm as compared to the mean values of Syngenta variety. The analysis of variance revealed the result obtained for plant height indicated the mean values in response to doses effects were significantly different while the differences in the mean values due to interaction between varieties and doses were non-significant. The result recorded in Table IV revealed that variety Syngenta exhibited dwarfness as compared to Highsun. For all the doses of gamma rays in general plant height was proportional to the increase in the radiation doses. These results clearly matching to the findings given by Abrams (1957), Srinath Rao et al., (2009) and Matsumura (1959). The maximum decrease in plant height was due to 20 Krad in Syngenta (34.00 cm) and 15 Krad in Highsun variety (42.00cm) by comparing the mean values to control Fig III.

Table IV. Effects of gamma radiation on plant height at flowering 
               of sunflower  varieties. 

	TREATMENTS
	SYNGENTA  V1
	HIGHSUN  V2
	MEAN

	T1 (CONTROL)
T2 (10 KRAD)
T3 (15 KRAD) 
T4 (20 KRAD)
T5 (25 KRAD)
	53.00
43.00
51.34
34.00
44.67
	 59.34
46.67
42.00
49.34
52.34
	56.17 A
48.50 AB
46.67 B
44.84 B
41.67 B

	MEAN
	45.20 a
	49.94 b
	



	
Fig III. Effects of gamma radiation on plant height of sunflower varieties.


Mean were significantly different at 0.05level of probability using LSD test.
Seeds per flowering head
Analysis of variance (Table I) for number of seeds plant-1 in Syngenta and Highsun varieties reveled that differences in mean values due to gamma radiation doses,  and varietal effects were highly significant, the differences between the mean values due to interaction between varieties and doses were also observed as highly significant. The differences in the mean values for number of seeds flowering head-1 in response to different radiation doses of gamma rays were highly significant and the mean values computed in Table V ranged from 621.17 to 1150.84. The data in respect of number of seeds flowering head-1 showed that highly significant differences in the mean values were present due to the varietal effects as well as various doses effect and significant differences were present due to interaction between varieties and doses. It is apparent from the mean values recorded in Table V that the number of seeds head-1 was reduced with the increase in gamma rays doses. Maximum decrease in average number of seeds/head was founded in response to 20 Krad dose of gamma irradiation as 803.00, Table V also show that all varieties exhibited reduction in the number of seeds head-1 with the increase in the gamma irradiation intensity. The results obtained in the present study are similar with those of Muhammad et al., (1962). Further comparison of the varieties Syngenta and Highsun is well elaborated in Fig 4.

Table V. Effects of gamma radiation on number of seeds flowering head-1 
               of sunflower varieties. 

	TREATMENTS
	SYNGENTA  V1
	HIGHSUN  V2
	MEAN

	T1 (CONTROL)
T2 (10 KRAD)
T3 (15 KRAD) 
T4 (20 KRAD)
T5 (25 KRAD)
	833.67
840.34
1091.67
735.00
602.00
	 814.67
1180.00
1169.67
1566.67
640.34
	1150.84 A
1130.67 A
1010.17 BC
824.17 BC
621.17 C

	MEAN
	820.54 A
	51074.27 B
	



	
Fig IV. Effects of gamma radiation on number of seeds flowering head-1 of Sunflower varieties.



Mean were significantly different at 0.05 level of probability using LSD test.


100 Seeds weight head-1
Analysis of variance (Table I) present that the differences in the mean values of 100 seed weight head-1 due to varietal effect was non-significant, effects of radiation doses were highly significant. The mean values presented in Table VI showed the range of 2.94 to 7.30 and 4.80 to 7.37 for Syngenta and Highsun varieties respectively. The affects of doses were found highly significant. It is evident from the data in Table VI that the range of mean values of 100 seeds weight due to radiation doses was 3.87 to 6.75. The maximum decrease was observed at 20 Krad and similarly maximum increased was observed at 25 Krad. The values computed for 100 seeds weight were 5.23 to 5.88 and 58.52 for Syngenta and Highsun respectively. Although the 25 Krad dose which caused increase in the 100 seeds weight was also observed. These results are in close confirmation of Muhammad et al., (1962) and Bhupinder Sing et al., 2010.
Table VI. Effects of gamma radiation on100 seeds weight of sunflower 
	
Fig V. Effects of gamma radiation on100 seeds weight of sunflower varieties.



               varieties.
	TREATMENTS
	SUNGENTA  V1
	HIGHSUN  V2
	MEAN

	T1 (CONTROL)
T2 (10 KRAD)
T3 (15 KRAD) 
T4 (20 KRAD)
T5 (25 KRAD)
	5.37
4.40
7.30
2.94
6.14
	 6.74
5.80
4.67
4.80
7.37
	6.05 A
5.10 AB
5.99 AB
3.87 AB
6.75 A

	MEAN
	5.23a
	5.88b
	


Mean were significantly different at 0.05 level of probability using LSD test.
CONCLUSION
At 15 Krad dose of gamma irradiation which caused positive effects on characters of Syngenta and Highsun varieties of sunflower regarding, number of seeds plant-1 and  seed weight, while reduction in the mean values for all the other characters were observed in response to other used doses.  A reduction in plant height was observed due to high level of irradiation (20 and 25 Krad) except for 100 seeds weight. The commercially beneficial dose for the induction of beneficial mutation in both the varieties was 15 Krad as it enhanced the number of seeds flowering head-1. Some abnormal plant types were also found in all the two varieties, which were discarded.
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