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ABSTRACT:  The transformation from vegetative to reproductive stage (flowering stage) depends on a lot of 

elements: physical and chemical elements, age of explant source, and plant growth regulators. In this study, we 

examined some elements that affect to the differentiating ability of in vitro Torenia fournieri L. flower shoot. Results 

showed that the older the shoots were, the higher the percentage of flowering shoot formation would be 60-day-old 

shoots gave the highest percentage of flowering shoot formation (65%) after 30-day culture. Moreover, the amount of 

macronutrients and micronutrients, sucrose concentration, growth regulators, activated charcoal and lighting 

conditions affect significantly the flowering ability. Shoots cultured on plant growth regulator free ¼MS media 

supplemented with 60 g.l
-1
 sucrose and 1 g.l

-1
 activated charcoal in vessels covered with either plastic wrap with 

milipore filter or unabsorbable cotton-wool plug under a 10h light (45 µmol.m
-2

.s
-1
)/14h dark photoperiod resulted in 

the best flowering shoot formation of Torenia shoots cultured in vitro (89.18%, 2.80 flower buds/explant). In vitro 

flowers and the ex vitro ones have no significant difference in their morphology and color. Gamma (γ) -ray irradiation 

is one of the most effective techniques to produce mutants in plant breeding programs. In this research, the effect of 

(Co
60

) Gamma (γ) - rays to produce flower color mutants in combination with in vitro flowering technique for 

morphological change isolation in Torenia was also investigated. After treated with γ rays, shoot regeneration was 

obtained when leaf explants were cultured on MS medium containing 0.5 mg/l BAP and 0.5 mg/l NAA. Shoots were 

grown on MS medium supplemented with 0.2 mg/l BA for shoot proliferation. The mutation efficiencies of the γ ray 

irradiation for flower color was examined owing to in vitro flowering technique. LG50 at 30 - 40 Gy and 0.098 Gy/sec 

for leaf blades as well as plantlets was found to be suitable for creating mutants. The mutation rate was 0.67% and 1% 

for MV1 and MV4 generations leaf explants, respectively. Plant morphology and flower development was also 

modified. 

I. INTRODUCTION 

Torenia (Torenia fournieri L.) is Scrophulariaceae dicotyledonous plants, originating from 

Southeast Asia, Africa and Madagascar (Yamazaki, 1985). Torenia have sets of chromosomes (2n = 

18) and relatively small genome (171 Mbp) (Kikuchi et al., 2007). Under the perspective of the in 

vitro differentiation from vegetative buds to flower buds are seen explicitly and more accurately. 

Environmental conditions in vitro as well to further research on the factors affecting the formation 

of flowers. The active control of physical factors, chemical factors and plant growth regulators is 

also an advantage of cultured in vitro. In mutation breeding, the problem in mutation breeding by 

radiation factors to consider such as: sample size, selection time, effort, cost, potential mutation 

miss... Therefore, the combination of mutations agent with selective techniques flowering in vitro is 

one of the research directions, help us to overcome the weaknesses of the method traditional 

selective mutations and mutations found quickly, more efficiently and thoroughly. So, when we 

have determined the flowering process in plants in vitro Torenia will open a new research direction. 
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Use technical coordination gamma irradiation (Co60) with culture techniques and in vitro flowering 

to isolate and find the variation in morphology and flower color Torenia plants even in vitro. 

II. MATERIALS AND REAGENTS  

2.1. Materials 

The shoots Torenia fournieri L. white purple fringing were cultured in vitro stable through 

repeated subculture on basic MS medium (Murashige and Skoog, 1962) with a height of 3.5 cm. 

The plantlet samples are used as sample material to be irradiated 2-week-old plantlets (height of 

about 4 - 5 cm with 4 pre-axillary) and the leaf samples were selected in the 2nd and 3rd dormant 

buds from the original. 

2.2. Reagents 

Macronutrients, micronutrients, sucrose, MS vitamins, agar, pH standard (HCl, NaOH), plant 

growth regulators (BAP, NAA, GA3)... 

III. PROCEDURES 

- The process of in vitro flowering Torenia plants 

 

 

 

- Effect of gamma irradiation on the value LG50 (Limitation of Growth 50%) on tissue 

samples (leave, plantlet and callus). 

- Culture in vitro, isolated randomly shoots and dormant buds were irradiated in sequence: 

Tissue samples - radiation - culture in vitro - 1st isolated - culture in vitro - 2nd isolated - culture in 

vitro - 3rd isolated.... 

IV. RESULTS AND DISCUSSION 

Contents 1: Completing the process of in vitro flowering Torenia plants 

4.1. Effect of old shoots on in vitro growth and flowering of Torenia 

Growth and flowering 

characteristics 

Old shoots (days) 

30 45 60 

Fresh weight (mg) 1434a
* 

1192ab 758b 

Dry weight (mg) 119ab 123a 99ab 

Plant height (cm) 9.62a 8.34b 7.95b 

No. of leaf 14.50a 10.00b 8.50c 

Flowering percentage (%) 33.67c 42.86b 56.19a 

No. of inflorescence 0.35c 1.33b 2.47a 

*Different letters within a row indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

 

 

 

Plantlet Torenia 

in vitro 

Culture 

medium of 

seedlings 

Shoot induction 

medium  

Culture medium of 

in vitro flowering 
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4.2. Effect of nutritional factors on in vitro growth and flowering of Torenia  

4.2.1. Nutrition 

Medium 
Flowering percentage (%) 

Plant 

height 

(cm) 

No. of 

inflorescence 

FW 

(mg) 

DW     

(mg) 

20 days 30 days 60 days 30 days 30 days 30 days 30 days 

2MS 0.00b
* 

0.00h 0.00g 0.00g 0.00e 0.00d 0.00e 

MS 0.00b 5.17g 10.02f 8.90d 0.51cd 758c 68.90cd 

¾MS 0.00b 16.67e 20.41e 9.83b 0.67cd 1015a 84.58b 

½MS 0.00b 42.86c 56.19c 9.60c 1.15c 983a 95.22a 

¼MS 6.38a 51.06a 75.14a 6.10f 2.30a 892b 89.20b 

MS¾ 0.00b 28.57d 38.09d 8.15e 0.85cd 715c 65.00d 

MS½ 0.00b 15.39f 20.37e 9.03d 0.79cd 867bc 72.25c 

MS¼ 0.00b 44.00b 60.00b 11.60a 1.95b 875bc 67.31d 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.2.2. α-naphthaleneacetic acid (NAA) and 6-benzyaminopurin (BAP)  

Medium 

Growth 

regulators (mg/l) 
Flowering 

percentage 

(%) 

Plant 

height 

(cm) 

No. of 

inflorescence 

FW 

(mg) 

DW 

(mg) 
NAA BAP 

BN0 0.0 0.0 51.06a
* 

6.10b 2.50a 892bc 89.20b 

BN1 0.1 0.0 41.67b 7.97a 1.75b 762c 84.60c 

BN2 0.1 0.1 36.80c 4.63d 0.98c 552d 61.41d 

BN3 0.1 0.3 16.67d 4.27e 0.65d 561d 63.12d 

BN4 0.1 0.5 6.25f 2.87g 0.22e 873c 90.05b 

BN5 0.1 1.0 0.00g 2.90g 0.00f 1029a 93.54a 

BN6 0.0 0.1 38.18c 4.87c 1.85b 847c 82.10c 

BN7 0.3 0.1 14.29e 4.25e 0.45e 926b 82.37c 

BN8 0.5 0.1 6.67f 4.35e 0.30e 988a 96.10a 

BN9 1.0 0.1 0.00g 4.01f 0.00f 969ab 8.23c 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.2.3. Gibberellin (GA3)  

GA3 (mg/l) 

Flowering percentage 

(%) 

Plant 

height 

(cm) 

No. of 

inflorescence 

FW            

(mg) 

DW            

(mg) 

30 days 60 days 30 days 30 days 30 days 30 days 
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30 days 60 days

AC

Non-AC

0.0 51.06a
* 

75.14a 6.10d 2.50a 892d 89.2b 

0.1 23.63b 40.47b 7.89c 1.09c 905d 89.6b 

0.5 9.52c 43.46b 7.90c 1.28b 981b 85.4c 

0.7 9.35c 39.69b 9.44a 0.95c 1031a 93.3a 

1.0 3.19d 16.03c 8.65b 0.32d 942c 89.1b 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.2.4. Activated charcoal 

 

 

 

 

 

 

 

 

 

 

4.2.5. Sucrose 

Sucrose (g/l) Flowering percentage (%) No. of inflorescence 

15 0.00f 0.00f 

30 56.33d 0.60d 

45 61.75c 1.67c 

60 87.18a 2.80a 

75 80.47b 2.33b 

90 27.78e 0.35e 

* Different letters within a column indicate significant differences at P = 0.05 by 

Duncan’s multiple range test 

4.3. Effect of intensity and time on in vitro growth and flowering of Torenia  

Light Flowering percentage 

(%) 

Plant height 

(cm) Intensity (µmol.m
-2
.s

-1
) Photoperiod (h) 

a. Light intensity 

18 10 0.00b 4.60c 

25 10 0.00b 5.81b 

45 10 70.06a 7.97a 

b. Photoperiod 

Time (days) 
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Figure 1: Effect of activated 

charcoal on in vitro flowering   

of Torenia. 
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45 6 0.00c 7.20c 

45 10 70.06a 7.97b 

45 14 28.57b 10.17a 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.4. Effect of aeration on in vitro growth and flowering of Torenia 

Growth and flowering 

characteristics 

Experiments 

Cotton-wool Millipore filter Film nylon 

Fresh weight (mg) 1167
ns 

1263
ns 

1158
ns 

Dry weight (mg) 162.67a 154.50a 96.50b 

Plant height(cm) 8.73b 8.92b 11.57a 

No. of inflorescence 2.60a 2.73a 2.41b 

Flowering percentage (%) 89.18a
 

89.25a
 

70.06b
 

Diameter of leaf (mm) 15.5a 16.33a 12.26b 

Length of leaf (mm) 26.41a 25.54a 18.59b 

ns: non-significant difference; *Different letters within a row indicate significant differences 

at P = 0.05 by Duncan’s multiple range test. 

Contents 2: Effect of gamma dose on the value LG50 for plantlet and leave samples were 30 - 40 

Gy. And effect of gamma dose on the value LG50 on callus was 10 - 20 Gy. 

            

 

 

 

 

 

 

 

 

 

Figure 2: Effect of gamma dose 

on the value LG50 (Limitation of 

Growth 50%) on leave and 

plantlet compared to the control. 

 

 

 

Contents 3: Obtained a population MV2-3 with about 2,000 individuals for both samples 

(leaves, plantlets) and the line is continuing to determine the variation in morphology and flower 

color. 

V. CONCLUSIONS 

Thread achieved content outlined in 2012: 

- Completed the process of flowering plants in vitro Torenia: the higher the percentage of 

flowering shoot formation would be 60-day-old shoots gave the highest percentage of flowering shoot 

formation (65%) after 30-day culture. The amount of macronutrients and micronutrients, sucrose 

concentration, growth regulators, activated charcoal and lighting conditions affect significantly the 

flowering ability. Shoots cultured on plant growth regulator free ¼MS media supplemented with 60 g.l
-1
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sucrose and 1 g.l
-1

 activated charcoal in vessels covered with either plastic wrap with milipore filter or 

unabsorbable cotton-wool plug under a 10h light (45 µmol.m
-2

.s
-1

)/14h dark photoperiod resulted in the 

best flowering shoot formation of Torenia shoots cultured in vitro (89.18%, 2.80 flower buds/explant). 

In vitro flowers and the ex vitro ones have no significant difference in their morphology and color. 

- Effect of gamma dose on the value LG50 on plantlet and leave samples were 30 - 40 Gy. 

And effect of gamma dose on the value LG50 on callus was 10 - 20 Gy. 

- A population (2,000 plants) have been isolated to MV3 generation and this population is 

continuing to selectively identify potential mutations.      
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