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Abstract 
 
This study was carried out to investigate the in vitro competition in tissue culture of three flax (Linum usitatissimum L.) 
cultivars using different distances among hypocotyl explants cultured. Hypocotyl fresh and dry masses, shoot 
regeneration percentage, shoot number per hypocotyl, regenerated shoot length and total chlorophyll content were 
examined during shoot regeneration, while plantlet height, number of roots and length of roots were recorded during 
rooting. With decreasing distance among explants we observed increased shoot regeneration and rooting till a certain 
point from where stress initiated and significant decreases in all parameters observed. Explants cultured at distance  
1.0 cm were found to be at their optimum. 
Additional key words: competition, Linum usitatissimum, plantlet establishment. 
 
⎯⎯⎯⎯ 
 
Flax (Linum usitatissimum L.) is a dicotyledonous plant 
of Linaceae family and it is an important source of 
natural fiber, high quality nutritious food and medicinal 
plant. Moreover, it has been used as a model crop in 
biotechnological studies due to its small nuclear genome 
(Basiran et al. 1987, Dong and McHughen 1991, Millam 
et al. 1992). It was reported that the most suitable explant 
for in vitro culture of flax was hypocotyl (Gamborg and 
Shyluk 1976, Jordan and Mc Hughen 1988a,b,  
Mc Hughen et al. 1989, Dong and Mc Hughen 1991, 
1993, Millam et al. 1992) similarly as for many other 
species (Tavano et al. 2009). Shoot regeneration from 
hypocotyl explants and recovery of whole fertile flax 
plant were achieved by Murray et al. (1977). Plant 
growth regulators are more effective on in vitro shoot 
regeneration when they are used together than using 
alone (Dang and Wei 2009). For flax, the combination of 
1 mg dm-3 6-benzylaminopurine (BAP) and 0.02 mg dm-3 

naphthalene acetic acid (NAA) was recommended 
(Jordan and McHughen 1988b, Dong and McHughen 
1993). Callus growth and adventitious shoot formation in 
flax increases up to 1 mg dm-3 BAP while they were 
negatively affected at higher doses (Xiang et al. 1989). 

Since high frequency shoot regeneration is a  
 

prerequisite for a successful transformation (Tavano et al. 
2009), in vitro studies have been carried on perpetually. 
This study was aimed to obtain higher shoot regeneration 
frequency from hypocotyls of flax by utilizing the 
competition among explants in vitro. 

Flax (Linum usitatissimum L. cvs. Madaras, 1886 Sel 
and Clarck) seeds, obtained from Northern Crop Science 
Laboratories, in North Dakota, USA, were surface 
sterilized with 40 % commercial bleach containing 5 % 
sodium hypochlorite at 10 ºC for 20 min with continuous 
stirring and then were washed three times with sterile 
distilled water at the same temperature according to the 
protocol described by Yildiz and Er (2002). Sterilized 
seeds were germinated on a basal Murashige and Skoog 
(1962; MS) medium containing the mineral salts and 
vitamins, 3 % (m/v) sucrose and 0.7 % (m/v) agar. All 
cultures were incubated at 25 ± 1 ºC under cool white 
fluorescent tubes (27 μmol m-2 s-1) with a 16-h photo-
period. The pH of the medium was adjusted to 5.8 prior 
to autoclaving. Hypocotyl segments in 5 mm length were 
excised from 7-d-old seedlings and imbibed in sterile 
distilled water at a gentle shaking for 20 min. Then, the 
segments were cultured on MS medium supplemented 
with 1 mg dm-3 BAP and 0.02 mg dm-3 NAA for  
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regeneration (Yildiz and Özgen 2004). 
For shoot regeneration, hypocotyls were cultured in a 

Petri dish (90 × 90 mm) at 0.5, 1.0, 1.5 and 2.0 cm 
distances for 6 weeks. Fresh and dry masses, shoot 
regeneration percentage, shoot number per hypocotyl, the 
highest shoot length and chlorophyll a+b content were 
recorded at the end of the culture. The dry mass was 
obtained after drying explants at 105 ºC for 2 h. Total 
chlorophyll content was determined in leaves of plantlets 
according to Curtis and Shetty (1996) and absorbance in 
methanol extract was measured at 665 and 650 nm.  

Regenerated shoots were transferred to rooting 
medium containing 3 mg dm-3 indole-butyric acid (IBA) 
at the same distances (0.5, 1.0, 1.5 and 2.0 cm) in 
Magenta vessels (60 × 60 mm). After 3 weeks, plantlet 
height, root number per plantlet and the highest root 
length were noted. 

Three replicates were tested. Petri dish was 
considered as the units of replication. The number of 
explants per replication varied according to the distances. 
All experiments were repeated two times. Data were 
statistically analyzed by Duncan’s multiple range test 
using SPSS for Windows computer program (Snedecor 
and Cochran 1967). 

There are many studies about the plant competition in 
field conditions. Plant leaves compete for irradiance, and 
roots for water and nutrients (Wilson 1988, McPhee and 
Aarssen 2001). High plant density was accepted as a 
biotic stress factor (De Klerk 2007). This study was 
conducted to investigate if there was such competition 
among explants growing in vitro. It is thought that this is 
the first report evaluating competition among explants  
in vitro. 

Results clearly showed that there were statistically 
significant differences in fresh and dry masses in all 
cultivars among explants cultured at different distances.  
 

The highest fresh and dry masses per explant of all 
cultivars were obtained at 2.0 cm distance of hypocotyls 
and they decreased by decreasing distances (Table 1). 
These findings were supported by Gersani  
et al. (2001) and Maina et al. (2002) who reported that 
plants grown alone produce more biomass or yield than 
those grown with the others. It could be concluded that 
the decreased distance in which explants were cultured 
induced stress caused likely by the deficiency of water, 
sucrose and nutrients. Increases in the fresh and dry 
masses were chiefly due to an increase in the absorption 
of water and other components from the basal medium 
(Yildiz and Özgen 2004). It was stated that the fresh mass 
increase was mainly due to cell enlargement by water 
absorption (Dale 1988) and increase in dry mass was 
closely related to cell division and new material synthesis 
(Sunderland 1960). 

The highest shoot number per hypocotyl (20.70 in 
Madaras, 14.57 in 1886 Sel and 17.40 in Clarck) and the 
highest shoot length (3.10, 2.14 and 2.09 cm, 
respectively) were obtained at 1.0 cm distance in all 
cultivars studied (Table 1). It is thought that competition 
among explants cultured at 1.0 cm distance encouraged 
them to give higher results than at the other distances. 
Yildiz and Ozgen (2004) have previously reported 12.17, 
11.20 and 10.83 shoots per hypocotyl while shoot length 
was 0.56, 0.58 and 0.60 cm in cultivars Madaras, 1886 
Sel and Clarck, respectively. The higher values in the 
present study than in the previous one seems to be due to 
optimum competition among explants in this study. 

Chlorophyll content of leaf is considered as a sign of 
photosynthetic capacity of tissues (Pal and Laloraya 
1972, Wright et al. 1994, Nageswara et al. 2001). The 
highest chlorophyll a+b content was found at 1.5 cm 
distance in all cultivars. It was thought that this could be 
due to the fact that there were too many shoots at 1.0 cm  
 

Table 1. Hypocotyl culture of three flax cultivars at 4 different distances 6 weeks after culture initiation on MS medium containing  
1 mg dm-3 BAP and 0.02 mg dm-3 NAA. Means of 3 values from 3 independent replications ± SE. Values within a column for each 
cultivar followed by different letters are significantly different at the 0.01 level. 
 

Cultivar Distances 
[cm] 

Hypocotyl FM    
[g] 

Hypocotyl DM   
[g] 

Regeneration 
[%] 

Shoot number 
[hypocotyl-1] 

Shoot length  
[cm] 

Total chlorophyll 
content [µg g-1(FM)]

0.5 0.24 ± 0.027c 0.02 ± 0.001c 100   4.37 ±  0.58d 0.52 ± 0.09d 264.5 ± 23.99b 
1.0 0.31 ± 0.022c  0.03 ± 0.002c 100 20.70 ± 1.41a 3.10 ± 0.12a 296.5 ± 10.06b 
1.5 0.46 ± 0.034b 0.04 ± 0.003b 100 11.87 ± 0.46b 1.82 ± 0.12b 417.9 ± 24.83a 

Madaras 

2.0 0.86 ± 0.027a 0.07 ± 0.005a 100   8.27 ± 0.38c 0.96 ± 0.08c 320.1 ± 24.95b 
0.5 0.15 ± 0.023c 0.01 ± 0.001d 100   4.64 ± 0.46c 0.41 ± 0.13c 227.1 ± 5.86c 
1.0 0.22 ± 0.018c 0.02 ± 0.001c 100 14.57 ± 0.67a 2.14 ± 0.10a 324.0 ± 15.66b 
1.5 0.33 ± 0.009b 0.04 ± 0.003b 100 10.77 ± 0.87b 1.54 ± 0.17b 480.2 ± 33.73a 

1886 Sel 

2.0 0.57 ± 0.058a 0.06 ± 0.002a 100   6.80 ± 0.78c 0.60 ± 0.09c 275.6 ± 22.35ab 
0.5 0.17 ± 0.019c 0.02 ± 0.001c 100   4.47 ± 1.07d 0.40 ± 0.10c 237.7 ± 15.52c 
1.0 0.23 ± 0.023c 0.02 ± 0.001c 100 17.40±  0.55a 2.09 ± 0.11a 523.4 ± 16.98a 
1.5 0.37 ± 0.013b 0.04 ± 0.003b 100 12.60 ± 0.38b 1.23 ± 0.07b 543.0 ± 32.11a 

Clarck 

2.0 0.62 ± 0.077a 0.06 ± 0.006a 100   9.00 ± 0.46c 0.52 ± 0.04c 423.4 ± 19.36c 
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Table 2. In vitro root development on shoots regenerated from hypocotyl explants cultured at different distances on rooting medium 
containing 3 mg dm-3 IBA determined 3 weeks after subculture initiation. Mean of 3 values from 3 independent replications ± SE. 
Values within a column for each cultivar followed by different letters are significantly different at the 0.01 level. 
 

Cultivar Distances [cm] Plantlet height [cm] Root number [plantlet-1] Root length [cm] 

0.5 1.27 ± 0.22d   8.00 ± 0.58d 0.97 ± 0.12d 
1.0 7.48 ± 0.49a 40.00 ± 2.30a 4.80 ± 0.38a 
1.5 4.43 ± 0.35b 27.00 ± 2.65c 3.10 ± 0.17b 

Madaras 

2.0 2.37 ± 0.12c 15.00 ± 1.73c 1.77 ± 0.09c 
0.5 1.43 ± 0.24d 11.00 ± 1.15d 1.20 ± 0.15d 
1.0 8.13 ± 0.54a 43.67 ± 2.60a 5.47 ± 0.35a 
1.5 5.20 ± 0.46b 32.67 ± 0.67b 3.40 ± 0.23b 

1886 Sel 

2.0 2.73 ± 0.19c 18.33 ± 1.45c 2.10 ± 0.15c 
0.5 1.40 ± 0.15d 10.00 ± 0.58d 0.90 ± 0.26d 
1.0 7.27 ± 0.13a 42.67 ± 2.40a 5.33 ± 0.26a 
1.5 4.97 ± 0.77b 31.67 ± 1.20b 3.37 ± 0.26b 

Clarck 

2.0 2.77 ± 0.12c 17.33 ± 0.88c 1.90 ± 0.12c 

 

 
Fig. 1. Development of explants cultured at different distances 0.5 cm (A, a), 1.0 cm (B, b), 1.5 cm (C, c) and 2.0 cm (D, d); six
weeks after culture initiation. Bar is 1.0 cm for Petri dishes and 0.5 cm for shoot regeneration. 
 
distance in a Petri dish and shoots could easily be shaded 
each other. At 0.5 and 2.0 cm distances, the total 
chlorophyll content was lower (Table 2).  

Regenerated shoots were rooted on MS medium 

containing 3 mg dm3 IBA as reported by Yildiz and 
Özgen (2004) at the same distances (0.5, 1.0, 1.5 and  
2.0 cm) in Magenta vessels for 3 weeks. Similar effects 
were recorded in rooting stage. This means that the 
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highest plantlet height, root number per plantlet and the 
highest root length were observed in shoots rooted at  
1.0 cm distance (Table 2). The lowest values were noted 
at 0.5 cm distance in all cultivars which could be result 
from deficiency of water, sucrose and nutrients. At 
distances above 1.0 cm, plant development was getting 
lower again.  

Mills (2009) has stated that sucrose in the growth 
medium improves biomass production and photosynthetic 
activity by increasing leaf area. Mingozzi and Morini 

(2009) have reported that physical microenvironment 
affects in vitro regeneration significantly. In the present 
study, physical microenvironment was manipulated by 
altering distances among explants cultured which caused 
positive competition among them that resulted in 
increased shoot regeneration capacity, root formation and 
plantlet establishment. We assume that the protocol 
presented in this study could be used for other crops to 
obtain high frequency shoot regeneration in vitro. 
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