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Introduction 
The genus Allium belongs to Alliaceae family has a diverse taxon comprising of 
over than 700 species and 164 of these species has been originated from Turkey. 
Forty percent of Allium species found in Turkey are endemic [1,2]. Allium 
tuncelianum which is utilized as garlic in Eastern region of Turkey might be the 
wild ancestor of garlic. A. tuncelianum is originally named as Allium 
macrochaetum Boiss and Haussk subsp. tuncelianum Kollmann [3]. Although, it is 
native to ‘Tunceli’ province (especially at Platos of Munzur Mountains in Ovacik 
district) of Turkey [2,4-7]. It is locally called as ‘Tunceli garlic’ or ‘Ovacik garlic’ in 
the region becuse of its resemblance to common garlic and grows in limited area 
especially Ovacik and Pülümür district [2,8,9]. Allium tuncelianum have single 
cloved white bulb different from common garlic, which has a multiple cloved bulb 
and it can be easily propagated with seeds and bulbs. It has lower number of peel 
(1-2 peel) than common garlic and it can also produce fertile flowers with white-to-
purple flowered inflorescences and seeds [5,6,9-11]. Seed of Allium tuncelianum 
is fertile and black colour that can be used for propagation [2,11,12]. Allium 
tuncelianum stimulates the body's immune system, lowers the level of sugar and 
cholesterol in the blood, improve blood circulation thus reduces the risk of heart 
attack [2, 13]. Approximately, 15-25 tons of Tunceli garlic has been collected from 
nature for domestic and medical purpose by herbalists in Turkey [2, 14]. Picking of 
endangered geophytes for trade is banned in Turkey for conservation purpose in 
agreement with Convention on the International Trade in Endangered Species 
(CITES). There is a need to develop strategies to conserve Allium tuncelianum 
before its extinction [2, 6]. There have been conducted out some studies for 
propagation of Allium tuncelianum but there is not any breeding material yet. 
Today, biotechnological breeding methods offers great benefits in shortening of 
breeding duration and obtaining inbred lines used in hybrid breeding in a short 
time. Using dihaploidization techniques that allow shortening the breeding period  
 

 
were obtained doubled haploids in other Alliums such as onion, garlic and leek 
[15- 20). Different methods have been improved for in vitro onion haploid 
production, but only gynogenesis has been reported to be successful in Alliums. 
Haploid onion plants has been produced by gynogenesis from ovules, ovaries or 
whole flower buds [16,17,21-34]. Studies on gynogenesis in onion showed that 
embryo induction rate of ovary and flower bud culture was higher than ovule 
culture [16].There are no studies on in vitro gynogenic induction in Allium 
tuncelianum (Kollman) Özhatay, Matthew, Şiraneci). In this study, it was aimed to 
obtain haploid plants via gynogenesis using flower bud culture in Allium 
tuncelianum which is important endemic plant of Turkey. To ensure optimization 
technique of our own laboratory conditions it was used successful techniques that 
previous studies indicated in other Allium species. 
 
Materials and Methods 
This study was carried out in 2012. Bulbs of Allium tuncelianum (Kollman) 
Özhatay, Matthew, Şiraneci) were provided from province Tunceli in Turkey [Fig-1] 
and were planted in Vegetable Research and Application Garden of Horticulture 
Department of Agriculture Faculty, University of Ankara at date of 01 November 
2012. In order to encourage the development of plants, 350-400 g/l of fertilizer 
(Novachem 18-18-18+ME) was applied with irrigation during vegetation. 620 bulbs 
of Allium tuncelianum were planted in prepared plot with distance of 30x15 cm 
[Fig-2]. 
 
The composition of the induction medium 
There is no data about studies in vitro gynogenic induction of Allium tuncelianum 
that’s why BDS [16, 17, 23, 30, 31, 36, 37] medium has been found successful for 
induction of gynogenic embryos in Allium species was chosen as induction 
medium [35]. 

International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 58, 2016, pp.-3247-3251. 

Available online at http://www.bioinfopublication.org/jouarchive.php?opt=&jouid=BPJ0000217 

Abstract- Allium tuncelianum is utilized as garlic in Eastern region of Turkey. There have been conducted out some studies for propagation of  Allium tuncelianum but 
there is not any breeding material yet. It is the first research about determining of gynogenic induction capacity of  Allium tuncelianum (Kollman) Özhatay, Matthew, 
Şiraneci) by using flower bud culture. To determined effect of plant growth regulators on gynogenesis induction, 1 mg/l and 2 mg/l of 2,4-D and BAP and their 
combinations were supplemented in BDS medium was. Induction medium including different combinations of auxin (2,4-D) and cytokinin (BAP) were effective on callus 
development on explants. The highest callus formation rates were obtained from 2+1 mg/l 2,4-D+BAP and 2+2 mg/l 2,4-D+BAP combinations. It was provided the 
development of the flower buds in induction medium and callus has formed at 55,28% of flower buds but plantlets could not be achieved from callus. Therefore, it is 
thought to be more obscurity on gynogenesis induction of Allium tuncelianum. Haploid plant could not be obtained in this research but this study is important due to the 
guidance for future studies. 
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BDS medium was supplemented with 1-2 mg/l of 2,4-dichloro-phenoxyacetic acid 
(2,4-D) and 1-2 mg/l of 6-benzylaminopurine (BAP) and their combinations. To 
determine the effect of sucrose on gynogenic induction on Allium tuncelianum, 5% 
and 10% doses of sucrose were used as carbohydrate source in induction 
medium. All media were adjusted to pH 6.0 and were solidified with 7.2 g/l 
phytagar [14, 38]. 
 

 
Fig-1 Bulbs of Allium tuncelianum (Kollman) Özhatay, Matthew, Şiraneci) 

 

 
Fig-2 Plants of Allium tuncelianum (Kollman) Özhatay, Matthew, Şiraneci) at 

stage of flowering. 
 

Sterilization of flower buds and culture media 
Unopened flower buds were taken 3 or 4 days before anthesis from donor plants 
grown in the field [Fig-3]. Whole umbels or individual flower buds were dipped in 
70% ethanol for 3 min, 15% Clorox ((0.9% sodium hypochlorite) + 0.1% Tween-
20) for 30 min with stirring for disinfection and rinsed three times with sterile 
double distilled water [17]. Media were sterilized by autoclaving for 20 minutes at 
1210C. 

 

 
Fig-3 Flower buds of Allium tuncelianum (Kollman) Özhatay, Matthew, 

Şiraneci) 

Culturing the flower buds  
Explants that used in flower bud culture were prepared by cutting stalks of flower 
buds for flower bud culture. Flower buds were placed in petri plates containing 20 
ml of induction medium (25 explants/plate) at laminar flow cabinet in sterile 
conditions. Petri dishes were sealed with stretch film and cultured at 25 °C under 
cool white fluorescent (6000 lux) with 16h light/8h dark photoperiod. Total 5000 
flower buds were cultured in induction medium [Fig-4]. Developing explants were 
transferred to B1 medium supplemented with 1 mg/l of NAA (Naphthaleneacetic 
acid) and 2mg/l of 2iP (Isopentyladenine) and 100 g/l sucrose 6–7 weeks after 
initial culture on BDS medium [Fig-5]. 

 

 
Fig-4 a: Flower buds of Allium tuncelianum in induction medium b: The petri 
dishes were taken into climate chambers after the planting of flower buds. 

 

 
Fig-5 Developing flower buds of Allium tuncelianum of in medium B1 

 
Statistical Analysis  
Developing cultures have been observed after a week after of initiation. 
Development stages such as swelling and callus formation were determined on 
flower buds. In addition, number and vitrification rate were determined on 
explants. Number of explants forming callus (number/petri) rate of callus formation 
(%) were calculated. All experiments were established according to completely 
randomized design (CRD) with twenty replicates in order to reveal the relationship 
composition of medium and sucrose doses. Turkey test was used to identify the 
different groups after the variance analysis. The level of statistical significance was 
taken as 5% and calculations were made with JMP software package version 
5.0.1. 
 
Results and Discussions 
The effect of sucrose dose  
The effect of sucrose doses on callus formation on flower buds in induction 
medium was statistically significant according to the result of analysis of variance. 
Callus formation rate was %58,24 and %52,52 at respectively at dose of 5% and 
%10 sucrose [Table-1].  
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Table-1 The effect of sucrose dose on callus formation (number/petri dish) 

Sucrose dose 
(%) 

Planted explant 
number 

Number of 
explants forming 

callus 

Callus formation 
rate (%) 

5 25 14,56a 58,24 

10 25 13,13b 52,52 

*Significant at 5 percent level of significance. 

 
Swelling rate and vitrification rate of flower buds in induction medium also affected 
by sucrose dose on. The highest swelling rate (%87,84) on explants obtained from 
medium added %5 sucrose. Vitrification rate has increased due to an increase in 
the dose of sucrose. The highest vitrification rate (%22,60) was obtained from 
medium added %10 sucrose dose [Table-2].  
 
Table-2 The effect of sucrose dose on swelling and vitrification of flower buds from 

Allium tuncelianum 

 
The effect of media composition  
The effect of media copmposition on callus formation on flower buds in induction 
medium was statistically significant according to the result of variance analysis. It 
was determined that callus formation rate increased with increasing doses of 
auxin and cytokinin compared with conrtol medium has no auxin and cytokinin. 
The highest callus formation rate (73,28%) was obtained from media suplemented 
with 2 mg/l of 2,4-D and 2 mg/l of BAP [Table-3]. 
 
Table-3 The effect of media composition on callus formation on flower buds from 

Allium tuncelianum (number/petri dish) 

Media composition 
Number of explants 

forming callus 
Callus formation rate 

(%) 

0+0 mg/l 2,4-D+BAP 7,69c 30,76 

1+1 mg/l 2,4-D+BAP 12,63b 50,52 

1+2 mg/l 2,4-D+BAP 14,03b 56,12 

2+1 mg/l 2,4-D+BAP 16,56a 66,24 

2+2 mg/l 2,4-D+BAP 18,32a 73,28 

*Significant at 5 percent level of significance 
 
Callus formation and development of flower buds of Allium tuncelianum (Kollman) 
Özhatay, Matthew, Şiraneci) is shown in [Fig-6]. 
 

 
Fig- 6 Callus formation on flower bud of Allium tuncelianum 

 

Media composition effected to swelling rate on flower buds in induction medium 
[Table-4]. The highest swelling rate (95,70%) was determined on explants in 
medium suplemented with 2 mg/l of 2,4-D and 1 mg/l of BAP. Effect of medium 
composition on vitrification has not been significant. Vitrification rate was ranged 
between 13,40% and 23,30%.  
 

Table-4 The effect of media composition on swelling and vitrification on flower 
buds from Allium tuncelianum 

Media 
composition 

Swelling 
explant 
number 

Swelling 
explant rate 

(%) 

Vitrificated 
explant 
number 

Vitrificated 
explant rate 

(%) 

0+0 mg/l 
2,4-D+BAP 

634 63,40 134 13,40 

1+1 mg/l 
2,4-D+BAP 

814 81,40 162 16,20 

1+2 mg/l 
2,4-D+BAP 

808 80,80 172 17,20 

2+1 mg/l 
2,4-D+BAP 

957 95,70 233 23,30 

2+2 mg/l 
2,4-D+BAP 

889 88,90 194 19,40 

 
In this experiment, callus formation occurred on flower buds were from Allium 
tuncelianum (Kollman) Özhatay, Matthew, Şiraneci) in induction medium. Any 
shoot or root development from callus was not observed in subcultures during 
approximately 3 months. Allium tuncelianum (Kollman) Özhatay, Matthew, 
Şiraneci) is one of the endemic plants in Turkey and has not been any previously 
studies on the its gynogenesis frequency. For this reason determining 
gynogenesis capacity of Allium tuncelianum was aimed from flower bud culture in 
this research. Different factors such as genetic factors, including cultivar, donor 
plant genotype and geographic orijin are thought to be the most important factors 
for the success of gynogenesis induction [16, 22, 39, 40). Gynogenesis response 
of Allium species depended on the culture media which has been used. Also, 
media composition requirements may be different for Allium species and varieties 
to obtain gynogenic haploid plant [20, 25, 41). Plant growth regulators 
supplemented to the culture medium have also significant effect on gynogenesis 
[20, 25,  42]. It is reported that supplementation of different doses of 2,4-D (2,4-
Dichlorophenoxyacetic acid) as auxin and BAP (Benzylaminopurine) as cytokinin 
in nutritional medium increasegynogenic haploid induction in onion [17, 30, 31, 33, 
34, 40-47]. Absence of a study conducted on gynogenesis capacity of Allium 
tuncelianum previous literatures focused on onion, it was tried 1 and 2 mg/l of 2,4-
D and BAP combinations in induction medium. Explant development frequency 
had been very low or absent in induction medium without auxin and cytokinin. 
Whereas it was found that the growing number of explants increased with 
increasing doses of auxin and cytokinin. Combinations of 2+1 mg/l of 2,4-D+BAP 
ve 2+2 mg/l of 2,4-D+BAP were more effective than other doses on growing flower 
buds [39, 43, 45]. To determine effect of sucrose, source of carbohydrates in 
culture medium on gynogenic embryo induction different sucrose doze; %5 and 
%10 were used. Developed explants were evaluated in the induction medium in 
experiment. A total of 5,000 flower buds planted in induction medium have 
different sucrose doses. The highest callus formation rate from flower buds were 
determined 58.24% and 52.52% respectively 5% and 10% of sucrose dose. It was 
determined that 5% sucrose dose was more effective on the formation of callus. 
Therefore dose of 5% sucrose could be suggested in future studies.  Sucrose 
dose was effective on vitrification on flower buds. While vitrification rate was 
determined as 22,60% at induction medium with 10 % of sucrose dose 13,20% of 
flower buds in inducton medium with 5% of sucrose doses were observed 
vitrification. It is reported that high amount of carbohydrates and auxin- cytokinin in 
culture medium may cause vitrification on explants [48, 49]. Smilar results were 
observed in our study and vitrification rate was higher in induction medium with 
10% of sucrose dose. Vitrification rate on flower buds was influenced by the 
amount of auxin and cytokinin in induction medium. Compared with medium have 
no auxin cytokinin, it was determined that the vitrification rate of explants 
increased with increasing doses of auxin and cytokinin. The vitrification rate was 

Sucrose dose 
(%) 

Swelling 
explant 
number 

Swelling 
explant rate 

(%) 

Vitrificated 
explant number 

Vitrificated 
explant rate (%) 

5 2196 87,84 330 13,20 

10 1906 76,24 565 22,60 
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ranged between 13,40% ile 23,30% and the highest rate was obtained from media 
suplemented with 2 mg/l of 2,4-D and 1 mg/l of BAP.  
 
Conclusion 
There is no research on haploid plant production in Allium tuncelianum (Kollman) 
Özhatay, Matthew, Şiraneci) via gynogenesis. This paper is the first study on 
gynogenesis by flower bud culture in Allium tuncelianum that is a specific genetic 
resources of Turkey. According to the results, 2 mg/l of 2,4-D and 1 mg/l of BAP 
plant growth regulator combinations were found effective on callus formation on 
explants. It was provided the development of the flower bud in induction medium 
and callus has formed at 55,28% of flower buds but plantlets could not be 
achieved from callus. Therefore, it is thought to be more obscurity on gynogenesis 
induction of Allium tuncelianum. So, our goal is to solve these problems in future 
studies. As a result, it is recommended that future studies will be planned with the 
higher dose of plant grow regulators. 
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