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ABSTRACT 

A pot experiment was conducted at the nursery of the Horticulture Research institute, Agriculture 
Researchers Center, during the two successive seasons of 2015, 2016 and 2016, 2017 to study the 
effect of radiation, gamma ray at 5, 10 and 15 Kr. on the vegetative growth and chemical constituents 
of Tagetes erecta plants. The data showed that all treatments of gamma irradiation reduced the plant 
height, seed germination percentage and number of leaves. Length and number of shoot was 
decreased by plants treated by 5 Kr. All treatments of gamma irradiation significantly increased 
earlier flower bud initiation. Plants treated with 5 Kr decreased number of days required for flower 
opening. Treated plants with 5 and 10 Kr were  increased  diameter of flower, number of  flower per 
plant, fresh  and dry mass plant, leaves area, contents of chlorophylls a and b and carotenoides (mg/g 
F.W) in the leaves and total carbohydrates (D.W% ). 
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Introduction 

Marigold (Tagetes erecta L.) is one of the important popular commercial flowers widely grown 
throughout the world. It belongs to family Compositae and genus Tagetes. The genus Tagetes 
comprises of about 33 species of which Tagetes erecta (African marigold) and Tagetes patula (French 
marigold) are under commercial cultivation in India. It is a seasonal flower crop cultivated for its 
loose flowers. Origin of marigold is Central and South America, especially Mexico (Kaplan, 1960). 

Tagetes is universally a popular seasonal flower grown as an ornamental, loose or cut flower, 
bedding, pot or landscape plant, easy to cultivate with worldwide adaptability to varying soil and 
climatic conditions .The whole plant is a source of an essential oil used in perfume industry; the roots 
of Tagetes spp. secrete an alkaloid which has strong nematicidal property (Bose and Yadav, 1989). 

Mutation is recognized as one of the most important technology for the development of new 
varieties through genetic manipulation. Mutation technique by using ionizing radiations and other 
mutagens have successfully produced a large number of new promising varieties in different 
ornamental plants (Datta, 2012). Gamma radiation treatment of the rice cultivar ‘Calrose’ was used to 
select the semi dwarf rice cultivar ‘Calrose 76’ (Rutger et al., 1977). A great majority of mutant plays 
an important nutritional role in developing countries where crop varieties (64%) were developed by 
the use of gamma rays (Ahloowalia et al., 2004). 
 
Materials and Methods 

The present experiment was conducted throughout two seasons 2015, 2016 and 2016, 2017. This 
study was designed to investigate the effect of four doses of gamma rays viz., 0, 5, 10 and 15 k rad. 
Gamma rays used were generated from cobalt – 60 source, in Egyptian Atomic Energy Authority. The 
cobalt 60 source emitting radio energy of 86 rad/ second (its called chronic in dilation). Healthy and 
dry seed were irradiated by gamma rays at different doses. This study was designed to investigate the 
effect of application of Gamma rays on improving vegetative growth and quality traits of Tagetes 
erect plants. 

Experimental procedure 
Dry seed were irradiated by gamma rays at different doses at 0, 5, 10 and 15 Kr. growing in the 

greenhouses at Horticulture institute, Agriculture Researchers Center on 1st September were inserted 
in plastic trays filled with a mixture of sand: peat moss (1:1 by v/v).On 1st March (in both seasons), 
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after 30 days from planting seed), the successful seedlings were transplanted on 16 cm plastic pots 
filled with a mixture of sand: peat moss (1:1 by v/v). All the plants were monthly received a dose of 2 
g /pot of Krestalon fertilizer (N-P-K, 20-20-20). The common agricultural practices like regular 
irrigation and picking of weeds were received.  

 
Experimental design:  

 The treatments were arranged in a randomized complete block design (RCBD) with three 
replicates for two experiments. All plants were received normal agriculture practices whenever they 
were needed. 
 
Data recorded: 

 The following data recorded on both seasons vegetative growth parameters : plant height (cm), 
length of shoots (cm),  number of  flowers per plant, fresh and dry weights of mass plant (g/plant), 
No. of leaves /plant, leaf area (cm2), using portable laser leaf area meter, CL-202). The content of 
chlorophyll- a, b and carotenoids in fresh leaves (mg/g F.W.) were carried out according to the 
method described by Wettstein (1957). Total carbohydrates content (% D.W) in dry leaves were 
determined using colorimetric method described by Smith et al. (1956). And also seed germination 
percentage (%), were recorded.  

 
Statistical analysis: 

Data obtained at the end of the experiment on vegetative growth and chemical composition were 
statistically analyzed. An analysis of variance (ANOVA) was carried out, and the means of the 
recorded data were compared using the "least significant difference (L.S.D.)" test at the5% level, as 
described by Steel and Torrie (1980). 

 
 Results and Discussion 
 
1. Effect of gamma ray on vegetative growth parameters 

Data obtained on the response of plant height of Tagetes erecta plants to the application of 
gamma ray during the seasons of 2015, 2016 and 2016, 2017 are presented in Table (1). The obtained 
data revealed that, in the first season, the application of gamma ray the control gave the tallest plants 
(50.56) where as 10 and 15 Kr gave (46.68), (44.76) cm respectively In the second season, gamma ray 
treatments also decreased the plant height as compared with the control. 
 
Table 1: Effect of gamma rays on plant height, seed germination percentage, length of shoot and 

number of shoot of Tagetes ereta plants, during the seasons of 2015/2016 and 2016/2017. 
Treatment 

Gamma rays 
(Krd) 

Plant height 
(cm) 

Seed germination 
percentage  

(%) 

Length of shoot 
(cm) 

Number 
of shoot 

 F.s S.s F.s S.s F.s S.s F.s S.s 
Control 50.56 52.62 97.29 97.70 4.75 4.50 6.13 5.85 

5 Kr 47.77 47.01 90.69 84.22 5.88 6.09 6.02 6.08 
10 Kr 46.68 45.22 85.03 81.41 4.80 4.89 5.49 5.58 
15 Kr 44.67 44.88 65.93 69.83 4.46 4.53 5.03 5.49 

LSD 5% 1.34 1.85 2.18 2.01 0.78 0.59 0.73 0.67 

 
Concerning the effect of gamma ray on seed germination  percentage, (Table, 1) the results 

proved that, in both seasons all doses of gamma ray decreased germination  percentage as compared 
with the control (97.29%) and (97.70 %) in the first and second season respectively .  

Concerning the effect of  gamma ray on length of shoot it is revealed from data in (Table 1 ) that 
in the first season application  with  gamma ray at 5 and 10 Kr increased the length of shoot recording 
5.88 and  4.80 cm respectively whereas the control plants recorded 4.75 cm . In the second season, the 
obtained results indicated that the plants formed the highest length of shoot, with the treatments of 
gamma ray at 5, 10 and 15 Kr. which were 6.09, 4.89, 4.53 cm respectively compared with control 
plants which were 4.50 cm. 
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 Concerning the effect of gamma ray on number of shoots, data in (Table 1) revealed it is 
application of  gamma ray at 5 Kr increased the number of shoots, recording  6.02 and 6.08 shoots 
/plant compared with the control plants were 6.13 and 5.85 respectively . 

Similar findings were reported by Buitatti and Ragazzini (1964) which carried out research on 
the induction of somatic mutation in carnation by gamma rays. Karki and Srivastava (2010) on 
gladiolus concluded that the doses of gamma irradiation gave the lower effect compared with control 

The data regarding observation on number of days required for first flower bud initiation is 
presented in (Table 2) from the data it could be revealed that the various treatments of gamma 
irradiation, significantly earlier flower bud initiation was observed with the treatment plants with  
gamma ray in both seasons recording at 5 Kr  (29.65, 30.66 days), at 10Kr (31.15, 31.03 days) and at 
15 Kr (32.76, 32.56) respectively while control required maximum number of days (34.78, 34.69 
days) for first flower bud initiation. 

Concerning the effect of the application  with gamma ray on number of days required for flower 
opening  (Table 2), the results proved that the treatment 5 Kr recorded the least number of days  in 
both seasons (9.66, 9.59 days) respectively for flower opening which was significantly superior to the 
remaining treatments. The maximum number of days required for flower opening was recorded with 
treatment of 15 Kr (11.06, 11.73 days) respectively, as compared with the control (10.71 and 10.67). 
As for the effect of application gamma ray on the diameter of flower, the data obtained, showed, in 
the first season (Table 2) that plants treated with 5Kr recorded maximum diameter of flower (5.12 
cm). It was found that the application with 5Kr were more effect in Diameter of flower 5.43 cm in the 
second season. 

Concerning the effect of gamma ray on Number of  flower per plant presented the data in (Table 
2 ) revealed that in the second seasons application plants with  gamma ray at 5, 10 Kr increased the 
Number of  flower, recording 14.11, 13.21 flower/plant, respectively, whereas the control plants 
formed 12.75 flower /plant. 
 
Table 2: Effect of gamma rays on number of days required for first flower bud initiation, number of 

days required for flower opening, diameter of flower and number of  flower per plant of 
Tagetes ereta  plants, during the seasons of 2015/2016 and 2016/2017. 

Treatment 
Gamma rays 

(Krd) 

Number of days 
required for first 

flower bud initiation 

Number of days 
required for flower 

opening  

Diameter  
of flower  

(cm) 

Number 
 of  flower per 

plant   
 F.s S.s F.s S.s F.s S.s F.s S.s 

Control 34.78 34.69 10.71 10.67 4.94 4.55 14.08 12.75 
5 Kr 29.65 30.66 9.66 9.59 5.12 5.43 12.78 14.11 

10 Kr 31. 15 31.03 10.26 10.37 4.75 4.60 11.88 13.21 
15 Kr 32.76 32.56 11.06 11.73 4.52 4.19 9.17 7.84 

LSD 5% 1.38 1.30 0.78 0.88 0.53 0.58 1.04 1.74 

 
Data presented in Table (3) revealed that, in both seasons, the application of gamma rays (at 

10Kr) increased the fresh weight plant, as compared with the control. In the first season, in the second 
season, it was found that gamma rays (at 5Kr and 10Kr most effective treatment in this respect, it 
produced 52. 82 and 51.34 g fresh weight plant. Regarding dry weight plant, the obtained results 
revealed that, treating plants with gamma rays at 5 and 10 Kr were the best for increasing the dry 
weight plant in the second season.  

Concerning the effect of application gamma ray on number of leaves data in (Table 3) revealed 
that gamma irradiations had decreasing effect on number of leaves. Maximum number of leaves 
(50.56 and 52.62 cm) was recorded with control which was significantly superior over the remaining 
treatments in the first and second season respectively. 

Concerning the effect application gamma ray on leaves area, data in (Table 3) revealed that in the 
first season application plants with  gamma ray at 5, 10 and 15Kr increased the Leaves area  recording 
2.92, 2.81 and 2.75 cm2 respectively, whereas the control plants were 2.71 cm2 . In the second season, 
the obtained results indicated that the plants formed the Leaves area, with the treatments of gamma 
ray at 10 Kr. recording 3.06 cm2 whereas the control plants were 3.03 cm2 
 



Middle East J. Agric. Res., 8(3): 954-958, 2019 
ISSN: 2077-4605 

957 

Table 3: Effect of gamma rays on fresh weight plant, dry weight plant, number of leaves and leaves 
area of Tagetes ereta plants, during the seasons of 2015/2016 and 2016/2017. 

Treatment 
Gamma rays 

(Krd) 

Fresh weight 
plant 

(g) 

Dry 
 weight plant 

(g) 

Number 
 of  

leaves 

Leaves area 
(cm2) 

 F.s S.s F.s S.s F.s S.s F.s S.s 
Control 53.49 50.22 17.35 16.80 50.56 52.62 2.71 3.03 

5 Kr 52.56 52.82 15.99 17.28 47.77 47.01 2.92 2.12 
10 Kr 54.22 51.34 16.36 18.49 46.68 45.22 2.81 3.06 
15 Kr 50.56 48.99 18.73 16.02 44.67 44.88 2.75 2.31 

LSD 5% 1.37 1.47 0.89 1.16 1.34 1.85 0.56 0.59 

 

2- Effect of gamma rays on pigments content: 
Data obtained on the effect of gamma rays on the pigments contents (chlorophyll a , b and 

carotenoids) in the leaves of Tagetes ereta, revealed that in the first season (Table, 4), there were 
marked increases in the content of chl.-a with the application  of gamma rays  at  5 and 10 Kr. , In the 
second season, it was found that all treatment were  increased the content of chl.-a .Regarding the 
effect of gamma rays on chl-b, it is clear that treating plants, in the both seasons , with gamma rays  at  
5 and 10 Kr increased the content of chl-b, recording (2.10, 2.22, 2.29 and 2.61 mg/g F.W., 
respectively), whereas the control plants gave (1.90 and 2.08 mg/g F.W., respectively). In case of 
carotenoids content, the data revealed that, in both seasons, the plants contained the highest value with 
the treatments of gamma ray at 10 Kr ( 0.64 and 0.70 mg/g FW), whereas the control plants contained 
0.41 and 0.33 mg/g FW, respectively. 
 
3-Effect of gamma rays on total carbohydrates content: 

Data of the total carbohydrates content in leaves (% D.W) as affected by the gamma rays, are 
presented in (Table, 4). In both seasons, the application  with gamma rays treatments at 5 and 10 Kr 
increased the accumulation of total carbohydrates in the leaves, as compared with the control, (27.06 
and 28.09  and 26.04,and 25.83 % DW, respectively) as compared with control plant (24.29 and 23.85 
% DW, in the first and second season,  respectively). 
 
Table 4: Effect of gamma rays on contents of chlorophylls a- b and carotenoids (mg/g F.W) in the 

leaves and total carbohydrates (D.W% ) of Tagetes ereta  plants, during the seasons of 

2015/2016 and 2016/2017. 
Treatment 

Gamma rays 
(Krd) 

Chlorophyll 
A 

Chlorophyll 
B 

Carotenoids 
Total 

Carbohydrates 
(D.W. %) 

 F.s S.s F.s S.s F.s S.s F.s S.s 
Control 2.04 1.74 1.90 2.08 0.41 0.33 23.85 24.29 

5 Kr 2.16 2.26 2.10 2.29 0.29 0.34 27.06 28.09 
10 Kr 2.58 2.29 2.22 2.61 0.64 0.70 26.04 25.83 
15 Kr 1.65 1.94 1.56 1.47 0.21 0.22 21.25 20.76 

LSD 5% 0.72 0.71 0.39 0.35 0.09 0.15 1.44 1.54 

 
Conclusion 

From the obtained results, it can be concluded that treated plants with gamma ray at 5 and 10 Kr 
Improved   growth and quality of Tagetes ereta, plants. It can be recommended that the treatments of 
gamma rays at 5 and 10 Kr for improving growth and quality parameters of Tagetes ereta plants. 
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