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Abstract 

An efficient system for in vitro regeneration of plants is a prerequisite for plant improvement 
by using advanced biotechnological techniques. In this work, regeneration of adventitious buds was 
induced from thin stalk sections (1-2 mm) containing apical shoot meristem of in vitro grown chive 
(Allium schoenoprasum) plants. Cytokinins 6-furfurylaminopurine (Kin), 6-benzylaminopurine (BA) or 
thidiazuron (TDZ) at 5 μM stimulated this process, and Kin was the most efficient among them. 
Adventitious buds developed further on the same media for an additional 4 weeks and Kin showed the 
most pronounced effect on shoot and root growth. Thereafter, all acquired shoots were detached and 
transferred to solid Murashige and Skoog (MS) medium supplemented with 5 μM Kin. Single shoots 
developed secondary adventitious shoots and formed bunches. The mean number of adventitious shoots 
per bunch was the highest in TDZ-induced shoots (33.6), while Kin- and BA-induced shoots formed 
11.9 and 11.3 adventitious shoots per bunch, respectively. Kin-induced shoots exhibited the best shoot 
and root growth. Plants obtained in this study acclimatized readily at high frequency. 
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Introduction 

 
 Advanced biotechnological techniques in plant breeding programs for developing new 

varieties demand an efficient and reliable system for in vitro regeneration.  Efficient 
procedures are already available for Allium species and cultivars of major commercial 
importance, such as onion, garlic and garden leek. However, for other Alliums these studies 
are still at the beginning. This is also true for chive. The only report on chive in vitro 
regeneration came from the authors lab [1]. 

 Chive (Allium schoenoprasum L.) is widely used as a culinary herb and an ornamental 
plant in herb gardens and dried arrangements. Furthermore, all chive organs contain 
compounds with potent antioxidant capacity [2, 3, 4], contributing to a high nutrient value of 
the plant.  

 In this study we intended to find more responsive tissue than root sections used in a 
previous study [1], to increase regeneration efficiency in chive. However, it was shown that 
meristem tissue and basal plates are the most responsive explants for plant regeneration in 
garlic [5-9]. Ayabe & Sumi [5] were the first ones who established stem-disc culture as an 
efficient system for garlic micropropagation. Actually, they used the basal part of the garlic 
clove for bud induction and demonstrated direct shoot differentiation from dome-shaped 
structures. This system was very useful for the production of virus-free garlic plants [6]. Kenel 
& al. [9] also found the inner whorl near the basal plate in garlic being the most responsive 
tissue suitable for genetic transformation and the regeneration of transformed plants.  

Another task was to elucidate conditions for long-term maintenance of regenerative 
capacity of chive tissue. Although Ayabe & Sumi [5] found plant growth regulator (PGR)-
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free medium the most efficient for shoot induction from thin garlic clove stem-discs, auxins 
are generally employed for the induction of regeneration in Alliums. 
2,4-Dichlorophenoxyacetic acid (2,4-D) and picloram, alone or in a combination with 
cytokinins, were usually used [7, 8]. 2,4-D was usually superior to picloram [8], but it was 
reported to increase genetic instability when used for longer periods of time [10, 11]. To 
reduce the risk of somaclonal variation, researchers tended to shorten the period of 2,4-D 
treatment duration [12, 13].  
  
Materials and methods 

 
Plant material 
For the induction of regeneration, transverse sections through chive plants, starting 

from the basal part of the stalk, were used. The roots were cut away up to the basal plate and 
sequential 1-2 mm thick transverse sections were made. Basal section included the shoot apex 
meristem (SAM), the next sections included the leaf sheath bases, whereas the upper sections 
contained only leaf blades. Twelve transverse sections were prepared for each plant. Stalk 
sections were placed on basal MS media with different PGR content, dispensed in sterile 
Petri-dishes (Ø 9 cm). The donor plants, obtained in a previous study [1], were grown in vitro 
on PGR-free basal medium.  

 Basal medium and culture conditions 
 The basal medium contained Murashige and Skoog (MS) mineral solution [14] and 

20 g/l sucrose, 100 mg/l myo-inositol, 2 mg/l thiamine, 2 mg/l pyridoxine, 5 mg/l nicotinic 
acid and 2 mg/l adenine. The media were gelled with 0.7% (w/v) agar (Torlak, Belgrade, 
Serbia), and sterilized by autoclaving at 114ºC for 25 min.; pH was adjusted to 5.6 before 
sterilization by using pH-meter. Thidiazuron (TDZ) was filter-sterilized and added to 
sterilized media cooled to approximately 35-40ºC. TDZ stock solution was prepared by 
dissolving TDZ in dimethyl sulfoxide (DMSO) at 0.1 mg/μl, and stored at -20 ºC until use. 
The cultures were maintained under cool white fluorescent tubes with a photon flux density of 
55 μmol m-2 s-1 and a 16 h day length at 25 ± 2ºC. 

Induction of adventitious shoot regeneration, plant multiplication and 
acclimatization 

 For induction of adventitiuos regeneration, the stalk sections were placed on MS PGR-
free medium or media supplemented with 5 μM 6-furfurylaminopurine (kinetin, Kin), 
6-benzylaminopurine (BA) or TDZ, as a sole PGR. After 4 weeks of culture, the clumps 
containing apical shoot with adventitious buds were transferred to media of the same 
composition for an additional 4 weeks. Thereafter, all shoots acquired were separated and 
planted to Erlenmeyer flasks with solid MS medium supplemented with 5 μM Kin for 
multiplication. Rooted plants were planted in pots with a mixture of compost and sand (2 : 1), 
without any protection for keeping air moisture high, and placed in a greenhouse.  

 Recordings and statistical analysis 
 All cultures were placed in a completely randomized design. For adventitiuos shoot 

induction, the experiment was performed in three replicates with three samples (Petri-dishes) 
and three subsamples (plants per Petri-dish) (n=27). The frequency of regenerating sections 
and the number of adventitious shoots per regenerating section were recorded with the aid of a 
stereomicroscope after a month of culture. The growth parameters (apical shoot length, rooting 
frequency, the number and the length of roots) were recorded after an additional 4 weeks. 

 For multiplication, 60 adventitious shoots were used for each cytokinin treatment, two 
replicates with six samples (Erlenmeyer flasks), each with five subsamples (plants per flask). 
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The multiplication of adventitious shoots and growth parameters were evaluated after 8 weeks 
of culture. 

 For acclimatization, one hundred plants were planted, ten plants in ten pots, and the 
number of survived plants was recorded after a month of planting. 

 All percentage data were subjected to angular transformation before analysis. The data 
were subjected to standard analysis of variance (ANOVA) and the means were separated 
using Duncan's test at P ≤ 0.05. For the presentation, the percentage data were inversely 
transformed. 
 
Results and discussions 

 
 Calli began to form from only a few basal stalk sections of a plant in all media after a 

week of culture. The remaining plant sections, which contained leaves only, elongated and 
seldom formed snowish calli. Apical meristem, which usually belonged to the first or second 
section, developed further and formed apical shoot in all treatments. Actually, SAM- 
containing sections were the only explants that responded by adventitious bud formation, 
therefore only these sections were used for treatments comparison. The rest of explants were 
kept for three subcultures without any regeneration success and then were discarded.  

 Extremely high regenerative capacity of basal plate was described in garlic [5, 8, 9]. 
Ayabe & Sumi [5] demonstrated bud regeneration from dome-shaped structures, which 
developed from the epidermal single-cell layer, and were similarly organized and formed as 
meristem. We observed structures similar to dome-shaped structures described in garlic, but it 
remains to be determined whether the structures obtained in this research are just adventitious 
bud primordia or de novo formed structures.  

 

 
Figure 1. Plant regeneration from transverse stalk sections containing shoot apical meristem of chive plants.  A) On 
PGR-free medium only apical shoot developed, whereas on media supplemented with: B) 5 μM Kin, C) 5 μM BA 
and D) 5 μM TDZ shoot clusters were induced after a month of culture. Shoots were split and all single shoots were 
cultivated on solid MS medium with 5 μM Kin for another 4 weeks. Shoots that were induced on E) 5 μM Kin, 
F) 5 μM BA and G) 5 μM TDZ, multiplied and showed different shoot and root growth rates. A-G: bar = 1 cm. 

  
 On PGR-free medium only apical shoot of chive rose from the apical meristem, 

without adventitious bud formation (Fig. 1A). By contrast, PGR-free medium was the most 
effective for shoot regeneration from garlic stem-disc sections [5]. In this study, cytokinins 
stimulated adventitious bud regeneration from SAM-sections (Fig. 1B-D) at the frequency of 
100% in all treatments. Kin induced the highest number of adventitious buds per section, 
although it was not significantly different from BA or TDZ (Table 1.). In contrast to our 
results, Myers & Simon [7] found BA to be more efficient than Kin and TDZ in garlic, 
although the PGRs were not compared at equimolar concentrations.  
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 Shoot clumps containing the apical shoot and the adventitious buds were transferred to 
the same media for an additional 4 weeks and then the growth parameters were measured. 
Among the cytokinins tested, Kin showed the most pronounced effect on shoot and root 
growth (Table 1.). Apical shoot length was almost twice longer in the presence of Kin then in 
the two other cytokinins or in the abscence of cytokinins. Although the rooting frequency was 
100% on both PGR-free medium and 5 μM Kin-containing medium, the root system was far 
much more developed on 5 μM Kin than in any other media (Table 1.).  
Table 1. Regeneration of adventitious buds from transverse stalk sections containing shoot apical meristem 
(SAM) of chive plants and growth parameters of apical shoots. 
Treatment 

 
 

No. of adventitious 
buds per SAM section  

Mean ± SE 

Apical shoot length 
(mm) 

Mean ± SE 

Shoot bunches 
forming roots (%) 

Mean ± SE 

No. of adventitious 
roots per bunch 

Mean ± SE 

The longest root 
length (mm)  
Mean ± SE 

PGR-free 0 b 44.7 ± 6.5 b 100 a 6.3 ± 0.6 ab 27.0 ± 10.4 b 
5 μM Kin 7.0 ± 2.2 a 80.5 ± 9.6 a 100 a 8.83 ± 0.9 a 75.3 ± 16.9 a 
5 μM BA 4.6 ± 0.7 a 53.4 ± 4.1 b 49.9 ± 0.41 b 3.75 ± 0.9 bc 12.5 ± 7.3 c 
5 μM TDZ 5.7 ± 1.3 a 44.2 ± 4.4 b 21.1 ± 3.2 c 2.5 ± 0.9 c 8.5 ± 1.7 c 
P  0.011773 0.000649 0.000000 0.000119 0.000000 

Transverse stalk sections of chive plants were cultivated on solid MS PGR-free medium or media with 
5 μM Kin, BA or TDZ for a month. Data indicate the mean ± standard error number of adventious buds per 
regenerating SAM section, which were recorded after 4 weeks of culture. The growth parameters (apical shoot 
length, rooting frequency, the number and the length of roots) were recorded after an additional 4 weeks of 
culture on the same medium. Three replicates with three samples, each with three subsamples (n = 27), were 
used per treatment. Treatments denoted by the same letter in a column are not significantly different (P ≤ 0.05) 
according to Duncan's test. P - probability obtained by ANOVA 

 
 At the end of the 8-week period of culture, we obtained bunches of chive plants from 

all cytokinin-containing media. Adventitious shoots were detached from the apical shoot-
derived plant and the single shoots were then cultivated on solid MS medium with 5 μM Kin 
for shoot multiplication, elongation and rooting. In a previous work we demonstrated 
5 μM Kin-containing medium to be the best for chive somatic embryo rooting and 
multiplication [1], so we used the same medium formulation for the growth of isolated chive 
shoots. ANOVA showed strong statistical significance of cytokinin type in shoot induction 
medium on all variables measured. TDZ-induced buds exhibited the highest bud 
multiplication (33.6 on average), although Kin showed once again the most profound effect 
on shoot and root growth (Table 2, Fig. 1E-G). 
Table 2. The effect of cytokinin type in shoot inducing medium (SIM) on subsequent multiplication and growth 
of chive adventitious shoots. 

Cytokinin type in SIM  
(5 μM) 

No. of adventitious buds  
Mean ± SE 

Shoot length 
(mm) 

Mean ± SE 

No. of roots 
Mean ± SE 

Length of 
 the longest root (mm)  

Mean ± SE 
Kin 11.9 ± 2.7 b 188.1 ± 17.9 a  16.2 ± 1.5 a 57.6 ± 4.8 a 
BA 11.3 ± 1.6 b 101.7 ± 8.2 b 9.8 ± 1.5 b 32.8 ± 3.0 b 
TDZ 33.6 ± 3.3 a 88.2 ± 9.4 b 4.4 ± 1.4 b 8.4 ± 2.0 c 
P  0.000001 0.000021 0.003320 0.000059 

Single chive shoots induced from SAM sections on media with 5 μM Kin, BA or TDZ were cultivated on solid 
MS medium with 5 μM Kin. Multiplication and growth parameters were recorded after 8 weeks in culture. Data 
indicate the mean ± standard error.  Two replicates with six samples, each with five subsamples (n = 60), were 
used per treatment. Treatments denoted by the same letter in a column are not significantly different (P ≤ 0.05) 
according to Duncan's test. P - probability obtained by ANOVA. 

  
 Plants exhibited very high acclimatization success (95.60 ± 0.61%), in spite of that 

they were not kept protected at high humidity. No differences in aclimatization success 
among the plants obtained from different induction media were noted, but this is to be further 
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tested, as we obtained much less rooted plants from BA and TDZ treatments, so the sample 
sizes differed substantially. 
 
Conclusions 

 
 We described here an efficient procedure for shoot induction and the regeneration of 

chive plants from thin stalk sections. Under these experimental conditions only 
SAM-containing sections regenerated adventitious buds, confirming the high morphogenetic 
capacity of basal plate in chive. Cytokinins were indispensable for this process, as there were 
no adventitious regeneration in their absence.  
 Among the three cytokinins tested at equimolar concentration, Kin was the most 
effective for both adventitious shoot induction and for shoot and root growth. Although TDZ 
was less efficient in the induction of adventitious shoot regeneration from SAM sections, its 
substitution with Kin during multiplication phase gave the highest shoot number. In addition, 
keeping the explants on Kin-containing medium during both phases, although less efficient, 
offers the possibility to make this procedure less laborious. In the present study, callus tissue 
was very restricted, the use of 2,4-D was avoided and the risk of somaclonal variations was 
limited. This method is suitable for cyclic induction of shoot regeneration and for the 
maintenance of regenerative capacity for long period of time. 
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