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ABSTRACT 

 This investigation was carried out in the Tissue Culture Laboratory of Potato and Vegetatively 

Propagated Crops, Vegetable Research Department, Agricultural Research Center (A.R.C.), during the 

period of  2005-2008 to study the effect of different doses of gamma rays (0, 3, 5, 8, 10, 12 and 14 Gy) on 

the in vitro bulblets production from shoot basal plate (Sbp) explants of six garlic genotypes including 

three cultivars (Balady, American and Omani) and three clones (Sids-40, EgaSeed1 and  EgaSeed2) on a 

bulblets production medium (MS + 120 g/l sucrose + 5 g/l activated charcoal + 0.1 mg BA/l). The present 

investigation also studied the storage ability of the in vitro produced bulblets stored in a growth chamber 

at 25° C during four months of storage. The random amplified polumorphic DNA (RAPD) analysis 

confirmed the genetic background of irradiated garlic genotypes. All garlic genotypes were able to 

produce bulblets from Sbp explants. At the end of storage period (4 months) the bulblets were healthy and 

suitable for cultivation in the field. RAPD analysis indicated that the six garlic genotypes are different in 

the number of bands and this was attributed to the gamma ray doses. 
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1. INTRODUCTION 

Garlic (Allium sativum L.) is one of the 

most important crops that has a significant 

medicinal value, spice and food purposes within 

Alliaceae family and monocotyledonous plants 

(Block, 1985).  

Garlic is propagated vegetatively by cloves 

and bulbils. It has low efficiency propagation in 

the field (Ebi et al., 2000). In vitro methods are 

suitable for overcoming the problems connected 

with conventional propagation by garlic cloves. 

One of the advantages of in vitro 

micropropagation is the higher rate of 

multiplication especially of the vegetatively 

propagated crops (Vuylsteke and Ortiz, 1996). 

The previous studies suggested that the basal part 

of the clove with or without shoot apex is a potent 

explant (Nagasawa and Finer, 1988 and Xeu et al., 

1991). Tissue culture technique has also a high 

potential to improve garlic cultivation (Novak, 

1990). In addition, radiation induced mutations 

have been extensively used for the improvement 

of crop plants. A combination of in vitro 

technique and radiation induced mutagenesis has 

been recorded to improve cultivars of the 

vegetatively propagated crops (Anonymous, 1986 

and 1987 and Maluszynski et al., 1995). Recently, 

mutation techniques in combination with in vitro 

culture have become an important tool in 

improving garlic cultivars (Zhen, 1998). Garlic 

was generally classified as highly sensitive to 

gamma radiation above 50 Gy (Perez and 

Labrada, 1988). However, it was also reported that 

the critical dose of gamma rays depends on the  

genotype of garlic. The dose of 1 Kr (10 Gy) was 

a critical dose which the plant failed to survive 

until harvest and the doses of 0.2, 0.3, 0.4, and 0.5 

Kr (2, 3, 4 and 5 Gy) were used to induce 

mutation forms in M1 (Sklyar, 1973). Moreover, 

as the gamma rays increased, the rate of shoot 

production declined. So, the low doses 1-3 Gy 

caused little differences between irradiated plants 

and the control in growth rate, while 12 Gy dose 

proved to be lethal for garlic (Dedul et al., 1985). 

Irradiation of garlic bulbs after 90 days from 

harvesting date with different doses of gamma 

rays (1, 3, 6, 9, 12, and 15 Gy) induced different 

phenotypic variations (Alvarez and Delgado, 

1996). 

In vitro bulblet formation in garlic was an 

effective alternative method of the plant 

formation. It has many advantages over plantlets 

formation as reported earlier, e.g., bulblets are 

easy to manage and do not require special 

measurements for transferring to the soil 

(Nagakubo et al., 1993 and 1997; Mohamed-
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Yasseen et al., 1995; Zet et al., 1997 and Ucman 

et al., 1998). However, many factors were found 

affecting in vitro bulblets formation. For example, 

tissue culture media usually contains 3% sucrose, 

but for bulblets production media needs 6 to 12% 

sucrose, as bulblets are promoted and accelerated 

at these high concentrations (Nagakubo et al., 

1993). High sugar concentration in vitro increased 

bulblets size in onion (Mohamed-Yasseen et al., 

1992). In addition, activated charcoal (AC) has 

been reported to have beneficial effects on 

bulblets formation (Mohamed-Yasseen et al., 

1994 and 1995). Also the exposure to low 

temperature (4-5° C) for 60 days promoted garlic 

bulblets production in vitro (Nagakubo et al., 

1993; Takagi and Qu, 1995 and Sumi et al., 

2001). Moreover, the addition of BA increased the 

proliferation rate of a member of Allium spp. 

(Dunstan and Short, 1977; Hussey, 1978 and 

Mohamed-Yasseen et al., 1995). The most 

efficient medium for bulblets production was 

found to be MS + 120 g/l sucrose + 5 g/l charcoal 

+ 0.1 mg/l BA (Haque et al., 1997). 

This investigation was conducted to study the 

effect of treating cloves of six garlic genotypes 

with different doses of gamma rays on: 

1.In vitro bulblets formation.  

2.The rate of bulblets and their storage ability at 

room temprature (25 ± 2 ° C). 

3.The genetic variation of plants after transferring 

the in vitro bulblets to the open field (through 

RAPD analysis).  

 

2. MATERIALS AND METHODS 
This investigation was carried out in the 

Tissue Culture Laboratory, of Potato and 

Vegetatively Propagated Crops, Vegetable 

Research Department, Agricultural Research 

Center (A.R.C.), during the period from 2005 to 

2008. The present study included 3 main 

experiments, as follows: 

2.1. First experiment: Effect of gamma 

irradiation on in vitro bulblets formation of 

six garlic genotypes 

This part was carried out to investigate the 

effect of gamma ray doses on in vitro bulblets 

formation of six garlic genotypes including three 

cultivars (namely: Balady, American and Omani) 

as well as three clones namely: Sids-40 (an 

improved clone of Chinese origin.), EgaSeed1 and 

EgaSeed2 (two improved clones imported from 

Asian Center for Research and Vegetable 

Development, Taiwan). Mature bulbs of the six 

garlic genotypes were kept at 4- 5° C in a 

refrigerator for 60 days. After that, bulbs were 

irradiated with different doses of gamma rays. 

Balady cv. and the clone Sids-40 were irradiated 

with 0, 5, 8, 10, 12, and 14 Gy. Due to the very 

low efficiency of bulblets production from this 

experiment, it was repeated with low doses of 

gamma ray viz. 0, 3, 5 and 8 Gy for the two clones 

EgaSeed1 and EgaSeed2. Because of the relatively 

high efficiency of the dose of 8 Gy, it was chosen 

thereafter to be the effective dose for mutation 

induction, and was repeated again with garlic 

cultivars,Balady, American and Omani as well as 

Sids-40 clone. The radiation treatments were 

conducted at the National Center for Radiation 

Research Technology, Nasr City, Cairo, Egypt. 

After radiation, cloves were peeled and were 

rinsed with running tap water for 1 h. Surface 

sterilization was conducted by immersing the 

cloves in 70% ethanol for 30 sec. then in 20 % 

Clorox (commercial bleach containing 5.25 % 

sodium hypochlorite) with few drops of Tween-

20, and continuous shaking for 20 min. Cloves 

were rinsed several times with sterile distilled 

water. Shoot basal plate (shoot tip + stem disc) 

explants were isolated from irradiated cloves and 

used as explants. The shoot basal plate was 

divided longitudinally into 2-4 parts according to 

its size. Explants from one clove were cultured in 

jars containing 25 ml of bulblets formation 

medium consisting of MS (Murashige and Skoog, 

1962) + 120 g/l sucrose + 5 g/l charcoal + 0.1 

mg/l BA (Haque et al., 1997). Ten replicates (10 

jars) were used for each dose of gamma rays.  

Data were recorded as follows: 

1.Number of bulblets/jar after 30, 35, 40 and 60 

days from culture. 

2.Bulblets diameter, and fresh weight after two 

months from culture. 

2.2. Second experiment: Effect of gamma 

irradiation on the storage ability of in 

vitro produced bulblets of six garlic 

genotypes. 

After taking data of the first experiment, garlic 

bulblets of the six garlic genotypes were 

immersed in a solution containing of 1 g Benlite + 

1 g Resolex⁄l000 ml water for 15 min, then dried 

with towels. The bulblets were individually 

separated and the fresh weight was recorded. 

Bulblets were left for 1-2 days in open air then 

were incubated in a growth chamber at 25 ° C ± 2 

° C.  

Bulblets weight loss percentage was recorded 

after one, two, three and four months from the 

beginning of storage. 

2.3. Third experiment: Effect of gamma 

irradiation, on the genetic variations of 

the in vitro produced bulblets of six 

genotypes 

In vitro bulblets irradiated with 8 Gy of 

gamma rays as well as unirradiated control (0 Gy) 
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of the six garlic genotypes (cvs. Balady, American 

and Omani as well as Sids-40, EgaSeed1 and 

EgaSeed2 clones) were subjected to the random 

amplified polymorphic DNA analysis (RAPD) 

using primer No. 5´ AGG TGA CCG T 3` to 

determine the genetic variations among them. 

Isolations of DNA from irradiated and 

unirradiated control plants were carried out 

according to the protocol described by Williams et 

al. (1990).  

All experiments were arranged in factorial 

completely randomized design. All data were 

subjected for the proper analysis according to 

Mstatc software program (Michigan State 

University, East Lansing, MI, USA). Probabilities 

of significance among treatments and means were 

compared with least significance L.S.D (P≤ 0.05) 

was used to compare means within and among 

treatments according to Gomez and Gomez 

(1984). 

 

3. RESULTS 
3.1. Effect of gamma irradiation on in vitro 

bulblets formation of six garlic genotypes 

3.1.1. Effect of gamma irradiation (0, 5, 8, 10, 

12 and 14 Gy) on in vitro bulblets 

formation of the two garlic genotypes 

(cultivar Balady and Sids-40 clone)   

3.1.1.1. Number of bulblets⁄ jar (30, 35, 40 and 

60 days after culture) 

The effects of gamma ray doses viz, 0, 5, 8, 

10, 12 or 14 Gy and days after culture (30, 35, 40 

or 60 days) on the number of bulblets/jar of the 

two garlic genotypes (cv.Balady and Sids-40 

clone) are present in Table (1). There were no 

significant differences between the two genotypes 

in the number of bulblets per jar.  

Concerning the effect of gamma rays on this 

character, there was no significant difference 

between the dose of 5 Gy and the unirradiated 

control (0 Gy), as well as between 10 Gy and 12 

Gy. The highest dose (14 Gy) showed the lowest 

number of bulblets/jar. With the passing of time, 

the number of bulblets per jar was increased in 

both genotypes to reach the maximum 40 days 

after culture, where they had the same number of 

bulblets per jar. There were no further increments 

in the number of bulblets after this period in both 

genotypes. Besides, there were no significant 

differences within each genotype concerning this 

character after 30, 35, 40 and 60 days after 

culture. The interaction among the two genotypes, 

gamma doses and the progress of time (Gn. X Gy. 

X D) was significant. The highest numbers of 

bulblets were produced in both genotypes at 40 or 

60 days after culture due to irradiation with the 

dose of 5 Gy, whereas the lowest ones were 

recorded at 30 days after culture in Sids-40 clone 

subjected to the high doses of gamma rays, i.e., 

10, 12 or 14 Gy.  

3.1.1.2. Bulblets diameter and weight 2 months 

after culture. 

Results listed in Table (2) show that Sids-40 

clone produced larger bulblet diameter as well as 

heavier bulblet fresh weight than the cultivar 

Balady.  

Regarding gamma doses, the lowest dose of 

gamma ray (5 Gy) produced significantly larger 

bulblet diameter and heavier weight compared to 

the unirradiated control, or to gamma rays at 8, 10, 

12 and 14 Gy. This also was true within each 

genotype. The interaction showed that the largest 

bulblet diameter and the heaviest bulblet weight 

were produced by Sids-40 clone irradiated with 5 

Gy, whereas the opposite was recorded in the 

cultivar Balady irradiated with 14 Gy. 

3.1.2. Effect of gamma irradiation (0, 3, 5, and 

8 Gy) on in vitro bulblets formation of 

two garlic genotypes (EgaSeed1 and 

EgaSeed2 clones) 

3.1.2.1. Number of bulblets⁄ jar (30, 35, 40 and 

60 days after culture)  

The effects of gamma ray doses and days after 

culture on the number of bulblets per jar of the 

two garlic genotypes are shown in Table (3). In 

this concern, there were no significant differences 

between the two genotypes in the number of 

bulblets/jar.  

On the other hand, the two doses of 3 and 5 

Gy significantly increased the number of bulblets 

per jar as compared with the unirradiated control. 

In contrast, the high dose of gamma ray (8 Gy) 

significantly decreased this character. The same 

trend was true within each genotype. With the 

progress of time, the number of bulblets per jar 

was increased in both genotypes. The interaction 

among the two genotypes, doses of gamma rays 

and the days after culture i.e., Gn. X Gy. X D. was 

significant. The highest number of bulblets per jar 

was recorded 40 days after culture in EgaSeed1 

clone irradiated with 5 Gy, whereas the lowest one 

was recorded in EgaSeed2 clone irradiated with 8 

Gy, 30 days after culture. 

3.1.2.2. Bulblet diameter and weight, 2 months 

after culture 
As shown in Table (4), there were no 

significant differences between the two genotypes, 

namely Egaseed1, and Egaseed2 in bulblet 

diameter and weight.  

Treating garlic before culturing with 3 Gy 

of gamma rays led significantly to producing 

larger and heavier bulblets in vitro than the 

untreated control. In contrast, the highest dose of 

gamma   rays i. e.,  8   Gy  significantly  decreased 
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Table (1): Effect of gamma irradiation and days after culture on the number of 

bulblets/jar resulting from culturing of shoot basal plate of two garlic 

genotypes (Balady and Sids-40 clone). 

Days 

after 

culture 

 

Genotypes 

Number of bulblets/jar  

Gamma ray doses (Gy)  Mean 

0  5  8  10  12  14   

30 
Balady  2.40 2.60 2.20 2.20 2.20 2.00 2.27 

Sids-40  2.60 2.80 2.60 2.00 2.00 2.00 2.33 

 Mean 2.50 2.70 2.40 2.10 2.10 2.00 2.32 

35 
Balady  3.60 4.00 3.00 2.60 2.60 2.00 2.97 

Sids-40  3.60 3.40 3.00 2.80 2.60 2.40 2.97 

 Mean 3.60 3.70 3.00 2.70 2.60 2.20 2.97 

40 
Balady  4.60 4.80 3.80 3.20 2.60 2.20 3.53 

Sids-40  4.40 4.40 3.60 3.20 3.20 3.60 3.73 

 Mean 4.50 4.60 3.70 3.20 2.90 2.40 3.55 

60 
Balady  4.60 4.80 3.80 3.20 2.60 2.20 3.53 

Sids-40  4.40 4.40 3.60 3.20 3.20 3.60 3.73 

 Mean 4.50 4.60 3.70 3.20 2.90 2.40 3.55 

 Balady  3.80 4.05 3.22 2.83 2.50 2.10 3.08 

 Sids-40  3.75 3.75 3.20 2.80 2.75 2.40 3.11 

 Mean 3.78 3.90 3.21 2.82 2.63 2.25  

LSD 0.05 for        

Genotypes (Gn.)  NS  Gn. X Gy. 0.47  

Gamma rays (Gy.)         0.33  Gn. X D. 0.38  

Days (D.)  0.27  Gy. X D. 0.66  

Gn. X Gy. X D.               0.93      

  

 

Table )2(: Effect of gamma irradiation on bulblet diameter and fresh weight 

resulting from culturing of shoot basal plate of the two garlic genotypes 

(Balady and Sids-40 clone), 2 months after culture. 

Gamma 

doses 

(Gy) 

Bulblet diameter (mm) 
 

Bulblet fresh weight (g). 
 

Mean Mean 

Balady  Sids-40   Balady Sids-40  

0 7.81 9.23 8.52 0.70 1.40 1.05 

5 8.82 9.60 9.41 0.77 1.73 1.25 

8 7.73 8.76 8.25 0.64 1.31 0.98 

10 7.12 6.37 6.75 0.59 1.02 0.81 

12 3.87 6.00 4.94 0.34 0.43 0.39 

14 3.77 4.28 2.33 0.32 0.40 0.36 

Mean 5.95 7.31  0.56 1.08  

LSD 0.05 for     

Genotypes (Gn.)            0.41   0.12 

Gamma rays (Gy.)        0.71   0.21 

Gn. X Gy.      0.99   0.30 
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Table (3) Effect of gamma irradiation and days after culture (30, 35, 40 and 60 days) on the number of 

bulblets/jar resulting from culturing of shoot basal plate of the two garlic genotypes 

(EgaSeed1 and EgaSeed2 clones). 

Days 

after 

culture 

Genotypes 

(clones) 

Number of  bulblets/jar   

Gamma ray doses (Gy)  Mean 

0  3  5  8   

30 
EgaSeed1 2.10 2.12 2.60 1.40 2.06 

EgaSeed2 1.45 1.85 2.50 1.35 1.79 

 Mean 1.78 1.99 2.55 1.38 1.93 

35 
EgaSeed1 3.80 3.85 4.00 2.00 3.41 

EgaSeed2 2.10  2.20 3.20 2.00 2.38 

 Mean 2.90  3.03 3.60 2.05 2.90 

40 
EgaSeed1 4.24  4.75 5.10 3.15 4.31 

EgaSeed2 3.90 4.40 4.60 3.20 4.03 

 Mean 4.07  4.58 4.85 3.18 4.17 

60 
EgaSeed1 4.24  4.75 5.10 3.15 4.31 

EgaSeed2 3.90 4.40 4.60 3.20 4.03 

 Mean 4.07  4.58 4.85 3.18 4.17 

 EgaSeed1 3.38  3.87 4.20 1.85 3.33 

 EgaSeed2 2.84  3.21 3.73 2.44 3.05 

 Mean 3.11  3.54 3.97 2.15  

LSD 0.05 for      

Genotypes (Gn.) NS  Gn. X Gy.        0.48 

Gamma rays (Gy.)        0.34  Gn. X D.           0.48 

Days (D.) 0.34  Gy. X D.           0.68 

Gn. X Gy. X D.              0.97     

 

  

Table (4): Effect of gamma irradiation bulblets diameter and fresh weight resulting 

from culturing of shoot basal plate of two garlic genotypes (EgaSeed1 and 

EgaSeed2 clones), 2 months after culture. 

Gamma 

doses (Gy) 

Bulblet diameter (mm) 
Mean 

Bulblet fresh weight (g) 
Mean 

EgaSeed1 EgaSeed1 EgaSeed1 EgaSeed1 

0 8.14 8.23 8.18 1.09 1.17 1.13 

3 8.79 8.97 8.88 1.44 1.50 1.47 

5 8.58 8.73 8.66 1.20 1.12 1.20 

8 7.01 7.43 7.22 1.05 1.11 1.08 

Mean 8.13 8.34  1.19 1.26  

LSD 0.05 for     

Genotypes (Gn.) NS   NS 

Gamma rays (Gy.) 0.53   0.31 

Gn. X Gy. 0.74   NS 

 
 bulblet diameter and relatively decreased bulblet 

weight. The stimulative effect of 3 Gy was 

significant regarding bulblet diameter of Egaseed2 

clone. The reduction effect of 8 Gy dose was 

remarkable on the bulblet diameter of both 

genotypes. The largest bulblet diameter was 

produced in Egaseed2 irradiated with 3 Gy, 

whereas the lowest bulblet diameter was recorded 

in Egaseed1 due to radiation with the dose of 8 Gy.  

3.1.3. Effect of gamma irradiation (0 and 8 Gy) 

on in vitro bulblet formation of four garlic 

genotypes (Balady, American and Omani 

as well as Sids-40 clone) 

3.1.3.1. Number of bulblets⁄ jar (30, 35, 40 and 

60 days after culture)  

As shown in Table (5), there were no 

significant differences among the four genotypes 

in the number of bulblets per jar.  

Radiation with gamma rays at 8 Gy 

significantly reduced the number of bulblets per 

jar. An increment in the number of bulblets was 

noticed with the progress of time till 40 days after 

culture. Thereafter, no further significant effect for 
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the time on the number of bulblets was recorded. 

Accordingly, no more bulblets were produced 

after 40 days from culture. The interaction of Gn. 

X Gy. X D. was significant. The highest number 

of bulblets per jar was produced by the 

unirradiated control Sids-40 clone at 40 or 60 days 

after culture, whereas the lowest one was found in 

either the unirradiated control or in irradiated 

garlic  cv. Balady at 30 days after culture. 

3.1.3.2. Bulblets diameter and weight 2 months 

after culture 

The effect of gamma doses on the bulblet 

diameter and weight of the four garlic genotypes 

viz. (cvs. Balady, American and Omani, as well as 

Sids-40 clone) 2 months after culture are shown in 

Table (6). In this concern, cv. Balady had 

significantly lower bulblet diameters and weights 

as compared with the other three genotypes. No 

significant differences were detected among the 

other three genotypes in their bulblet diameter and 

weight.  

Generally, the dose of 8 Gy significantly 

reduced both bulblet diameter and weight in all 

genotypes. However, this reduction was 

significant regarding bulblet diameter as well as 

bulblet weight in cultivar B. The largest bulblet 

diameter and the heaviest weight were produced 

by unirradiated control (0 Gy) of Sids-40 clone, 

whereas the lowest value was recorded in cv. 

Balady irradiated with 8 Gy. 

3.2. Effect of gamma irradiation (0, 5, 8 and 10 

Gy) on the storage ability of in vitro 

produced bulblets of six garlic genotypes. 

3.2.1. Bulblets weight loss (%) of two garlic 

genotypes (cultivar Balady and Sids-40 

clone) during four months of storage 

It was clear from the data recorded in Table 

(7), that garlic cv. Balady significantly recorded a 

lower value of bulblet weight loss than Sids-40 

clone. Such difference was not significant within 

each month. On the other hand, the highest dose 

of gamma ray (10 Gy) recorded the highest value 

of bulblets loss in both genotypes, whereas the 

dose of 8 Gy recorded generally the lowest one. 

Nevertheless, such desirable effect of 8 Gy dose in 

reducing bulblet weight loss was not significantly 

within each genotype, as compared with 

unirradiated control. With the progress of storage 

bulblet weight losses were increased to reach their 

maximum value after 4 months of storage in both 

genotypes. Generally, the lowest weight loss was 

recorded in garlic cv.Balady irradiated with 8 Gy 

after one month of storage, while the highest one 

was recorded in Sids-40 clone treated with 10 Gy 

four months after storage. 

3.2.2. Bulblets weight loss (%) of the two garlic 

genotypes (EgaSeed1 and EgaSeed2 

clones) during four months of storage 

As shown in Table (8), there were no 

significant differences in the percentage of bulblet 

weight loss between the two genotypes after one, 

two, three or four months of storage.  

With regard to gamma doses, the highest 

dose (8 Gy) was the best one for bulblet storage, 

as this dose gave a lower bulblet weight loss 

compared with the other three doses, and the 

opposite was true regarding the unirradiated 

control (0 Gy). No significant differences were 

obtained between the low doses of gamma ray (3 

and 5 Gy). With increasing the time of storage 

more bulblet weight loss was recorded in both 

genotypes of garlic. The interaction among 

genotypes, gamma dose and storage period 

indicated that the lowest bulblet weight loss was 

shown in EgaSeed2 treated with 8 Gy one month 

after storage (20.2 %), while the highest value was 

found in unirradiated EgaSeed1 four months after 

storage (63.1 %).    
3.2.3. Bulblets weight loss (%) of four garlic 

genotypes (Balady, American and Omani 

and Sids-40 clone) during four months of 

storage 

Results presented in Table (9), clearly show 

that the weight loss percentage was lower in cv. 

Balady as compared to the other three genotypes. 

There were no significant differences among  

American, Omani and Sids-40 in this regard.  

As for gamma doses, the dose of 8 Gy 

significantly reduced bulblet weight loss than the 

unirradiated control.  

With the progress of storage time, the 

percentage of bulblet weight loss was increased 

and there were significant differences among the 

four storage periods. The three other interactions 

showed that the lowest bulblet weight loss was 

recorded in cv Balady irradiated with 8 Gy after 

one month of storage, while the highest one was 

found in unirradiated Sids-40 four months after 

storage. 

3.3. Effect of gamma irradiation, on the genetic 

variation of in vitro produced bulblets of 

six garlic genotypes 

Data in Table (10) and Plate (1) declare that 

the RAPD analyses (using the primer 5´ AGG 

TGA CCG T 3`) showed different new bands. The 

new bands of the six garlic genotypes were 

completely different from their control except for 

EgaSeed1 and EgaSeed2 clones and cv. Omani 

where some bands were similar to their control. 
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Table (5): Effect of gamma irradiation and days after culture on the number of bulblets/jar 

resulting from culturing of shoot basal plate of four garlic genotypes (Balady, 

American, and Omani as well as Sids-40 clone). 

days 

after 

culture 

Gamma 

doses (Gy) 

Genotypes  

Balady American Omani Sids-40 Mean 

Number of  bulblets/jar  

30 
0 1.40 1.80 1.80 1.50 1.63 

8 1.40 1.65 1.55 1.45 1.50 

 Mean 1.40 1.73 1.68 1.48 1.57 

35 
0 2.80 3.80 3.00 2.80 3.05 

8 2.40 2.65 2.20 2.40 2.35 

 Mean 2.60 3.23 2.60 2.60 2.70 

40 
0 4.50 4.40 4.80 5.40 4.78 

8 3.50 3.95 3.25 3.45 3.54 

 Mean 4.00 4.18 4.03 3.93 4.16 

60 
0 4.50 4.40 4.80 5.40 4.78 

8 3.50 3.95 3.25 3.45 3.54 

 Mean 4.00 4.18 4.03 3.93 4.16 

 0 3.30 3.60 3.60 3.78 3.57 

 8 2.70 3.05 2.56 2.69 2.75 

 Mean 3.00 3.33 3.09 3.24  

LSD 0.05 for      

Genotypes (Gn.) NS  Gn. X Gy.        0.60 

Gamma rays (Gy.) 0.30  Gn. X D.           0.84 

Days (D.) 0.42  Gy. X D.           0.60 

Gn. X Gy. X D. 1.19     

 

 

Table (6): Effect of gamma irradiation on bulblet diameter and fresh weight 

resulting from culturing of shoot basal plate of four garlic genotypes 

Balady (B), American (A) and Omani (Om) as well as Sids-40 (S) 

clones)], 2 months after culture. 

Gamma 

doses (Gy) 

Bulblet diameter (mm) 
Mean 

Bulblet fresh weight (g) 
Mean 

B A Om S B A Om S 

0 7.64 8.61 8.40 8.79 8.32 1.03 1.28 1.25 1.29 1.21 

8 5.94 8.11 7.29 8.45 7.45 0.59 1.07 0.99 1.10 0.94 

Mean 6.70 8.36 7.85 8.62  0.81 1.18 1.10 1.20  

LSD 0.05 for       

Genotypes (Gn.) 0.82     0.30 

Gamma rays (Gy.) 0.58     0.29 

Gn.. X Gy. 1.16     0.50 
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Table (7): Percentage of bulblet weight loss during storage at 25 ° C of the two garlic 

genotypes (Balady and Sids-40 clone) as affected by gamma ray doses. 

Months  

after  

culture 

 Bulblets weight loss (%)   

Genotypes Gamma ray doses Mean 

 0 Gy. 5 Gy. 8 Gy. 10 Gy.  

One  

month 

Balady 20.8 17.3 15.7 27.5 20.4 

Sids-40  22.8 20.8 17.1 34.9 23.9 

 Mean 21.8 19.1 16.4 31.2 22.1 

Two  

months 

Balady 30.5 27.8 25.6 39.7 30.9 

Sids-40  34.1 29.8 28.4 46.1 34.5 

 Mean 32.3 28.9 26.8 42.9 32.7 

Three  

months 

Balady 37.0 36.1 33.1 51.7 39.5 

Sids-40  42.0 39.8 36.5 59.2 44.4 

 Mean 39.5 38.0 34.8 55.5 41.9 

Four  

months 

Balady 43.7 43.7 41.0 58.3 46.7 

Sids-40  50.7 45.1 44.2 60.3 52.6 

 Mean 47.2 44.4 42.6 50.1 49.6 

 Balady 32.4 31.2 28.9 44.3 34.3 

 Sids-40  37.4 33.9 31.5 50.1 38.2 

 Mean 34.9 32.6 30.2 47.2  

LSD 0.05 for      

Genotypes (Gn.) 2.3 Gn. X Gy. 6.9  

Gamma rays (Gy.) 4.2 Gy. X Mos. 11.1  

Months (Mos.) 4.0 Gn. X Mos. 6.3  

Gn. X Gy. Mos. 17.7    

 

Table(8): Percentage of bulblet weight loss during storage at 25 ° C of the two garlic genotypes 

(EgaSeed1 and EgaSeed2 clones) as affected by gamma ray doses.  

Months 

after 

culture 

 Bulblets weight loss (%)  

Genotypes Gamma ray doses (Gy) Mean 

 0 3  5 8   

Month 
EgaSeed1 31.2 26.1 24.7 21.3 25.8 

EgaSeed2 28.2 22.6 21.5 20.2 23.1 

 Mean 29.7 24.4 23.1 20.7 24.5 

Two 

months 

EgaSeed1 42.7 40.6 39.6 35.5 39.6 

EgaSeed2 40.2 39.7 37.9 32.6 37.6 

 Mean 41.5 40.2 38.8 34.0 38.6 

Three 

months 

EgaSeed1 54.8 52.7 45.7 39.3 48.1 

EgaSeed2 53.2 46.2 44.0 35.9 44.8 

 Mean 54.0 49.4 44.8 37.6 46.5 

Four 

months 

EgaSeed1 63.1 60.4 53.4 48.2 56.3 

EgaSeed2 61.5 56.6 53.3 45.9 54.3 

 Mean 62.3 58.5 53.3 47.0 55.3 

 EgaSeed1 48.0 45.0 40.9 36.1 42.5 

 EgaSeed2 45.8 41.3 39.2 33.6 40.0 

 Mean 46.9 43.1 40.0 34.8  

LSD 0.05 for      

Genotypes (Gn.) NS Gn. X Gy. 7.9  

Gamma rays (Gy.) 5.8 Gy. X Mos. NS  

Months (Mos.) 5.2 Gn. X Mos. 7.4  

Gn. X Gy. XMos. 24.0    
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Table (9): Percentage of bulblet weight loss during storage at 25 ° C of four garlic 

genotypes (cultivars Balady, American, and Omani as well as Sids-40 

clone) as affected by gamma ray doses.  

Months after 

culture 

Gamma 

ray doses 

Bulblets weight loss (%) 
Mean 

Balady American Omani Sids-40 

One month 
0 Gy. 26.6 30.9 28.1 36.5 30.5 

8 Gy. 19.5 26.9 24.9 29.9 25.3 

 Mean 23.1 28.9 26.5 33.2 27.9 

Two months 
0 Gy. 37.4 43.4 39.4 44.7 41.2 

8 Gy. 24.0 39.0 38.4 39.0 35.1 

 Mean 30.1 41.2 38.9 41.5 38.2 

Three months 
0 Gy. 47.5 50.0 50.3 57.2 50.3 

8 Gy. 35.4 47.9 46.9 49.4 44.9 

 Mean 41.5 49.0 48.6 53.3 48.1 

Four months 
0 Gy. 49.6 57.7 51.0 58.7 54.2 

8 Gy. 39.2 49.5 47.6 50.9 46.8 

 Mean 44.4 53.6 49.3 54.8 50.5 

 0 Gy. 40.3 45.5 42.2 49.3 44.3 

 8 Gy. 29.6 40.9 39.4 42.3 38.0 

 Mean 34.9 43.2 40.8 45.8  

LSD 0.05 for      

Genotypes (Gn.) 4.9 Gn. X Gy. 6.0  

Gamma rays (Gy.)        3.2 Gy. X Mos. 7.5  

Months (Mos.)     5.9 Gn. X Mos. 13.9  

Gn. X Gy. X Mos. 24.9    

 

Plat (1): Random amplified polymorphic DNA analysis (RAPD) showing the effect of gamma ray 

doses (8 GY. and the unirradiated control) on plant genomic DNA of six garlic genotypes 

for the primer 5´ AGG TGA CCG T 3` (Op-B17) 
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The effect of gamma ray dose 8 Gy on the genetic 

polymorphism of Balady cv., was observed as five 

new bands viz., 1118, 991, 690, 331 and 174 bp 

while the unirradiated Balady cv. (0 Gy) had three 

other different bands, namely 1109, 680 and 327 

bp. Also the irradiated cv. American showed eight 

bands which were completely different from their 

unirradiated control; the new bands were 1073, 

808, 725, 564, 520, 389, 327 and 292 pb. The 

unirradiated control of American cv. showed only 

six bands, viz, 744, 391, 329, 261, 220 and 170 pb. 

Meanwhile, the RAPD analysis of irradiated Sids-

40 clone with the same dose of 8 Gy, showed five 

new bands having the molecular size of 846, 417, 

336, 223 and 128 bp. These bands were different 

from the control (0 Gy) which had nine bands, 

namely 1082, 815, 725, 532, 420, 387, 329, 259 

and 170 bp. On the other hand, irradiated 

EgaSeed1 clone showed six bands; only one of 

them was similar to the unirradiated control which 

was 391 bp and the other ones were 862, 344, 304, 

225 and 170 bp. Also, the unirradiated control 

showed eight additional different bands viz., 725, 

610, 540, 433, 333, 262, 220 and 174 bp. 

Regarding the irradiated EgaSeed2 clone, it 

showed eight bands, two of them were similar to 

the control viz., 235 and 405 bp. Moreover, the 

irradiated cv. Omani showed five bands, two of 

which were similar to the unirradiated control, viz. 

242 and 377 bp whereas the other three bands 

were different viz. 1086, 658 and 307 bp. Also, the 

unirradiated control showed four additional 

different bands viz, 1071, 744, 658 and 516 bp.  

 

4. DISCUSSION 

4.1. Effect of gamma irradiation on in vitro 

bulblet formation 

In the present investigation, after cold 

treatment (4-5 ° C) of cloves for 60 days and 

culturing the divisions of shoot basal plate 

explants on bulblets formation media (MS + 0.1 

mg/l BA + 120 g sucrose + 5 g charcoal), little 

bulblets began to be formed 30 days after culture 

and with the progress of time, they reached their 

maximum number 40 days after culture. Bulblets 

were formed due to the stimulative effect of the 

depression of the apical dominance when shoot 

basal plates were injured or surgically separated to 

initiate the auxiliary bud formation in the basal 

clove parts. These results matched the findings of 

Nagakubo et al. (1993) who mentioned that 

bulbling can be completed two months after 

culture and this only occurred after the 

pretreatment of garlic cloves with low temperature 

for 2 months before culture. 

The protocol which is described in the 

present study resulted in 100% microbulblets 

production with all cultivars under study. The 

present results are in agreement with those of  

Nagakubo et al., (1993) and Barandiaran et al., 

(1999) who found that all the used genotypes were 

able to produce bulblets, but disagree with 

Ravnikar et al. (1995) who found that some of the 

used genotypes need complex additions like 

jasmonic acid, for bulblets production and the 

bulblets diameter was 4 mm or larger in diameter. 

Generally, bulblets produced in the present study 

from in vitro cloves culture were single ones. 

These results prove with those of Nagakubo et al., 

(1993). 

Regarding the effect of gamma irradiation 

on bulblet production, the present results indicated 

that gamma rays at high doses i.e., 10, 12 and 14 

Gy markedly reduced the number, diameter and 

weight of bulblets. The present results are in 

agreement with those obtained by Sklyar, (1973) 

and Zhen, (1998) who indicated that 10 Gy dose is 

the critical dose for garlic. Accordingly, the doses 

of 12 and 14 Gy were excluded for the EG1 and 

EG2 clones and the low dose of 3 Gy was added. 

The dose of 3 Gy has a stimulatory effect on the 

number and diameter of bulblet, while the dose of 

5 Gy stimulated bulblet fresh weight. These 

results also confirm by Al-Safadi et al. (2000) on 

potatoes that were irradiated and in vitro cultured 

for tuber formation. They found that the low dose 

of 2.5 Gy increased the number of microtubers, 

while the the doses 10 and 15 Gy significantly 

decreased number of microtubers. This difference 

in our study may be due to the differences 

between garlic genotypes or cloves which were 

dormant or nondormant. It may be concluded that 

DNA was sensitive to radiation with 10 Gy in 

nondormant garlic clove. Hence, 8 Gy was used 

after that to induce mutations with cultivars 

Balady, American, and Omani as well as Sids-40 

clone because of the satisfactory number of the 

obtained bulblets.  

4.2. Effect of gamma irradiation on the storage 

ability of in vitro bulblets 
The physiology of the bulb interacts with the 

environment and affects bulb storage. The weight 

loss can not be explained by environmental factors 

alone (Vazquez-Barrios et al., 2006). After natural
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Table (10): Effect of gamma irradiation (8 Gy) on plant genomic DNA of six garlic genotypes (cultivars Balady , 

American  and Omani (Om) as well as Sids-40, EgaSeed1  and EgaSeed2 clones). 
  Genotypes with gamma doses  

No. bp Balady  American Sids-40 EgaSeed1 EgaSeed2 Omani 

  cont. 8 Gy cont. 8 Gy cont. 8 Gy cont. 8 Gy cont. 8 Gy cont. 8 Gy 

1 1350         +    

2 1300             

3 1118  +           

4 1109 +            

5 1086            + 

6 1082     +        

7 1073    +         

8 1071           +  

9 1007          +   

10 991  +           

11 862        +     

12 846      +       

13 815     +        

14 808    +         

15 795          +   

16 748           +  

17 744   +          

18 725    + +  +      

19 690  +           

20 680 +            

21 665           +  

22 658            + 

23 646             

24 610       +      

25 600          +   

26 564    +         

27 540       +      

28 532     +        

29 520    +         

30 516          + +  

31 433       +      

32 420     +        

33 417      +       

34 405         + +   

35 391   +    + +     

36 389    +         

37 387     +        

38 377           + + 

39 372         +    

40 370          +   

41 344        +     

42 336      +       

43 333       +      

44 331  +           

45 329   +  +        

46 327 +   +         

47 312          +   

48 307         +   + 

49 304        +     

50 292    +         

51 262       +      

52 261   +          

53 259     +        

54 242           + + 

55 235         + +   

56 225        +     

57 223      +       

58 220   +    +      

59 174  +     +      

60 170   +  +   +     

61 128      +       

Total bands number 3 5 6 8 9 5 9 6 5 8 6 5 

Pb = base pair (molecular weight) 
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 drying in open air for 1-2 days, the bulblets were 

compact and hard (the subjective firmness was 

evaluated by manually squeezing bulblets between 

the fingers) and no more water was lost. 

Moreover, no visible sprouting occurred, it was 

healthy, clean, well developed and retained outer 

skin under conditions of the incubation room (25 

± 2° C). The results are in agreement with 

Vazquez-Barrios et al. (2006) who mentioned that 

storage at 20° C was similar to at zero° C, but 

disagreed with Mann and Lewis (1956) who found 

that it is very important to store bulb at zero° C. 

The variations among the results may be due to 

the pretreatment of the in vitro bulblets in this 

study before storage (with 1:1 Benlite: esolex) and 

the environmental condition, i. e., good air 

circulation, the suitable humidity as well as the 

temperature in the incubation room. Besides, this 

may be due to the physiological state of the 

bulblets, i.e., size of the stored bulblets may cause 

this difference, or it may be caused by the 

different behavior of the genotypes. Finally, the 

cool dry air and good low respiration rate are 

suitable for garlic storage in the incubation room. 

4.3. Effect of gamma irradiation on the genetic 

variation of in vitro bulblets 

The effect of irradiation dose of 8 Gy on the 

DNA banding pattern was shown by RAPD 

analysis. The differences in the banding pattern at 

the dose of 8 Gy compared with the control, 

support the previous data in which gamma rays 

caused genetic changes in garlic plants. These 

results are in agreement with those obtained by 

many investigators, who indicated that in vitro 

genetic changes may be due to the culture 

conditions or the effect of gamma ray, as the most 

effective agents for mutation induction (Sklyar, 

1973; Anonymous, 1986 and 1987; Maluszynski 

et al., 1995; Alvarez and Delgado, 1996 and Zhen, 

1998). 
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 حاثير اشعت جاما علي القذرة الخخزينيت للبصيلاث الناحجت من المعمل

والاخخلافاث الوراثيت  لسخت حراكية وراثيت من الثوم 

 

*  -محمد رفعج الشامي- احمذ علي غرية - سيذ فخحي السيذ 
   

* نرمين عبذ الخواب المنادى عبذ الودود

 

يصز - انزيشة - ربيعت انقبهزة - كهيت انشراعت – قظى انخضز 

يصز- انزيشة - يزكش انبحىث انشراعيت- يعهذ بحىث انبظبتين*
 

 

 ملخص

بًعهذ – تى  ارزاء هذا انبحج فً يعًم سراعت الانظزت انتببع نقظى بحىث انبطبطض و انخضز خضزيت انتكبحز 

 و 12، 10، 8، 5، 3صفز، ) نذراطت تبحيز انززعبث انًختهفت ين اشعت ربيب 2008-2005بحىث انبظبتين خلال انفتزة 

      عهً انتبد انبصيلاث فً انًعًم واننبتزت ين سراعت انقًى انخضزيت يع رشء ين انظبق انقزصيت نـظتت  ( رزاي14

  1، ايزبطيذ40-انصنف انبهذي ،  انصنف الايزيكً ، انصنف انعًبنً، وانظلالاث  طذص )تزاكيب وراحيت ين انخىو 

    يهزى بنشيم0.1+ رى فحى نشظ 5+  رى طكزوس 120+ يىراشيذ وطكىد )عهً بيئت انتبد انبصيلاث  (2وايزبطيذ

 و نًذة °25 انًعًم وانًخشنت بذاخم حززة اننًى عهً   اننبتزت ين نهبصيلاث وكذنك دراطت انقذرة انتخشينيت  .(نتز/ادينين
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ولقد اوضحت . للتراكيب الوراثية المستخدمة للثوم  لتمييز الخلفية الوراثيةRAPD لعمل تحليل ببلاضبفت.اربعت اشهز 
النتائج ان جميع التراكيب الوراثية المستخدمة قد انتجت بصيلات فى المعمل على بيئة انتاج البصيلات من الجزء النباتى 

وكانت هذه الابصال بحالة جيدة طوال وبعد فترة تخزينها تحت ظروف . القمم الخضرية مع جزء من الساق القرصية
 اختلاف بين الستة  وجودواظهر التحليل الوراثى. حجرة التخزين بالمعمل كما امكن نقلها لزراعتها فى الحقل المفتوح

 .وراثية المستخدمة فى عدد وسمك الحزم الوراثية وكذلك تأثيرات اشعة جاما عليهاالتراكيب 

. 204-191(:2010أبريل )العدد الثانى  (61المجلد ) جامعة القاهرة –المجلة العلمية لكلية الزراعة 
 

 

 

 




