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Abstract—A study was conducted to determine the effects of different plant growth 

hormones towards in vitro regeneration of a new Malaysian Rice Variety (Oryza  Oryza 

sativa L. Var. MRIA 1.  L.  Var.  MRIA  1). Stem explants of 4-week-old aseptic seedlings were 

selected, and a total of 16 different combinations of   NAA,   IBA, BAP, and Kn were utilized. 

The most suitable plant growth hormones for in vitro regeneration of   Oryza   Oryza sativa 

L. var. MRIA 1.   L.   Var. MRIA  1  was obtained from  MS (Murashige and Skoog) media 

supplemented with 1.0 mg/l NAA and 0.5 mg/l Kn with an average of 8.90 ± 1.79 number 

of shoots, 114.00 ± 18.90 number of roots, 10.70 ± 2.62 cm length of shoots, and 8.70 ± 

1.64 number of leaves per explant. It was proved that the in vitro regeneration of   Oryza   

Oryza sativa L. var. MRIA 1.   L.   Var. MRIA 1 from stem explants was achieved without 

entering the intermediate callus phase within four weeks of culture. Thus, laborious sub-

culturing processes were not required to regenerate the multiple shoots. These findings 

provided an optimum plant growth hormone concentration for the tissue culture system of  

Oryza  Oryza sativa L. var. MRIA 1.  L. Var. MRIA 1. Acclimatization of regenerated plantlets 

of Oryza Oryza sativa L. var. MRIA 1. L. Var. MRIA 1 is recommended to serve as a complete 

in vitro regeneration protocol for the variety. 

© 2016 The Author(s). Published by TAF Publishing. 

 

 

I. INTRODUCTION 

Rice  is  the  most  important  crop  in  the world and it is 

a second most widely cultivated cereal in the world after 

wheat in which it is a staple food of over half the world’s  
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population  [1].  As in Malaysia, rice is the main food 

consumed by all the citizens. Many efforts have been done 

recently in order to improve the agronomic traits of rice 

through biotechnological techniques   [2].   It   is   due   to   

the rice improved by biotechnology have many advantages 

such as it is resistance towards geographical and seasonal 

destruction, produced in high yield and have good quality 
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in terms of nutrition. Besides, the unique quality exhibits 

by the rice plant has been able to make it become the most 

common crop used in monocots plant studies. However, 

the successful rice transformation program and monocots 

studies require  appropriate  and reproducible cultivars 

that available throughout the years. 

The MRIA 1 is the new variety of Oryza Oryza sativa L. 

Var. MRIA 1. L. produced by International Rice Research 

Institute (IRRI) through chemical mutation breeding [3]. 

This type of variety exhibit various kind of uniqueness 

including  the  short reproductive time, resistance towards 

seasonal and geographical fluctuation, and high mineral 

content compared to the current existing varieties. The 

Oryza Oryza sativa L. Var. MRIA 1. L. Var. MRIA 1 only takes 

90 days to achieve reproductive phase in which it exhibit a 

short maturation period. Besides, it has 9.8% protein 

content compared to the current rice varieties which only 

have 6.3 to 7.1 % [3]. Being one of an irrigated rice variety, 

the  Oryza  Oryza sativa L. Var. MRIA 1.  L.  Var. MRIA 1 have 

the ability to survive in a short water supply condition [3]. 

Owing to  the  fact  that  rice is  an important monocots 

model in transformation system, plant tissue culture 

technique has been applied on rice as it ensures  the  

continuous   supply  of  rice within the countries However, 

the regeneration through callus induction normally led to 

somaclonal variation [4]. Therefore, direct in vitro 

regeneration is needed in order to produce multiple shoots 

without changing the genetic stability and avoid 

somaclonal variation. 

Besides, the ability of the plant to be regenerated is 

genotype dependent and normally depends on explants 

and culture condition.  Thus,  the  plant  growth hormones 

play an important role for the regeneration  capacity in  

Oryza  Oryza sativa L. Var. MRIA 1.  L. Var. MRIA 1. Previous 

study reported that the   types   and   concentrations   of   

plant growth hormones vary depending on the species and 

cultivars [5]. Therefore, this study was conducted to 

determine the effects of different plant growth hormones 

on in vitro regeneration of Oryza Oryza sativa L. Var. MRIA 

1. L. Var. MRIA 1. 

 

II. MATERIALS AND METHODS 

 

A.  Plant Material and Seeds Sterilization 

 

The seeds of f L. Var. MRIA 1 were obtained from 

Malaysian Agriculture Research and Development Institute 

(MARDI), Seberang Prai, Malaysia. The seeds were 

sterilised in 70% (v/v) Clorox with two drops of tween 20, 

50%, 40%, 30%, 20%, and 10% Clorox followed by 70% 

ethanol for one minutes.  

The seeds were then rinsed 3 times using sterile 

distilled water. The sterilized seeds were then cultured on 

MS media without supplementation   of   any   plant   

growth hormones for 5 weeks to induce growth of aseptic 

seedlings. 

 

B.  Media Preparation 

 

There were 4 types of regeneration media with different 

combinations and concentrations of Plant Growth 

Regulators (PGR) were prepared for in vitro regeneration. 

The pH of the media was adjusted  to  5.8  prior  to  

autoclaving  by using 1 M NaOH and 1 M HCl [6]. The 

media were autoclaved at 121 ºC for 20 minutes and 

allowed to be cooled for the usage. 

 

C.  In Vitro Regeneration 

 

The stem explants (1 cm in length) of 5-week-old aseptic 

seedlings were cultured onto regeneration media. The 

cultures  were  incubated  in  relative humidity of 70-85%, 

temperature 24 ± 2˚C and a photoperiod of 16 h in a 

photosynthetic photon flux density of 250–350  μmol  m-2   

s-1   [7].  The  observations were made within 5 weeks of 

culture. All treatments  were  prepared  in  at  least  10 

replications. 

 

D. Determination of Growth Criteria for in Vitro 

Regeneration of Oryza Oryza sativa L. Var. MRIA 1. L. 

Var MRIA 

 

There were several parameters that have been recorded 

after 5 weeks in order to evaluate the ability of the 

explants of Oryza Oryza sativa L. Var. MRIA 1. Var. MRIA 1 

to regenerate on the prepared regeneration media. The 

growth parameters used were the number of shoots, 

leaves, and roots, length of shoots, fresh weight and dry 

weight, and percentage of survival. 

 

E.  Determination of Fresh Weight and Dry Weight 

 

The growth and development of regenerated plantlets 

were randomly sampled in term of their fresh and dry 

weight. After 5 weeks of culture period, the 5 samples were 

randomly taken out for evaluation of its fresh and dry 

weight.  

The plants  were  taken  out.  The  plants  were then 
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dried up using a piece of tissue before it is placed inside 

the oven at 50 °C. The regenerated plantlets were weighed 

until constant weights were obtained. 

 

F.  Statistical Analysis 

 

The statistical analysis used in this study was One-way 

ANOVA which was done using SPSS software version 21.0. 

Data collected was analyzed for any significance difference 

between treatments means (p<0.05). All graphs were 

presented and plotted using Windows Excel. 

 

III. RESULTS AND DISCUSSION 

 

A.  Seeds Collection and Sterilization 

 

The seeds of Oryza Oryza sativa L. Var. MRIA 1. L. var. 

MRIA 1  were able to  grow on MS-free hormone  media  

(Figure  1).  The germination rate was 95% to 99% after 4 

weeks of culture. The results obtained indicated that an 

efficient sterilization technique and appropriate nutrient 

media were used  throughout  the  culturing process. 

Previous studies show that 70% Clorox is a suitable 

concentration for rice seeds sterilization compared to 

other concentrations since it prevents the browning and 

inhibition of seeds germination [8].  The  seeds  were  

soaked and shake vigorously in all the solutions to remove 

the microorganisms. This is the precaution steps in order 

to prevent contamination during the culturing system. 

The Tween 20 was used to increase the effectiveness of 

the sterilization and as wetting agent which it helps to 

increase the surface contact with the detergent by 

reducing the surface tension of the seeds [9]. The 

prevention from contamination is an important thing in 

tissue culture system in order to ensure the survival of the 

plant cultured explant. It is due to the contamination is 

considered to be a majorfactor of losses during in vitro 

culture of plants [9]. 

 

B.  Number and Length of Shoots 

 

Statistical analysis  done  showed that there was a 

significant difference (p<0.05) between the different 

concentrations of plant growth hormones on the number 

and length of shoots per explant (Figures 3a and 3b). The 

results show that the number and length of shoots of Oryza 

Oryza sativa L. Var. MRIA 1. L. Var. MRIA 1 significantly 

affected by the combinations of plant growth hormones 

used. 

Based   on   the   Figure   3(a)   the highest number of 

shoots produced was recorded in MS media supplemented 

with 1.0 mg/l NAA and 0.5 mg/l Kn (8.90 ± 1.79 mean 

number per explant), followed by MS media supplemented 

with 1.0 mg/l NAA and 1.0 mg/l Kn (8.70 ± 3.13 mean 

number per explant), 1.0 mg/l NAA and 2.0 mg/l BAP (8.40 

± 2.95 mean number per explant), and 1.0 mg/l NAA and 

2.0 mg/l Kn (8.30 ± 2.99 mean number per explant). 

Meanwhile, the lowest number of shoots obtained from MS 

media supplemented with 1.0 mg/L IBA and 1.0 mg/L BAP 

(2.10 ± 0.62 mean number per explant). 

Meanwhile, both MS media supplemented with 1.0 mg/l 

NAA and 1.0 mg/l Kn and 1.0 mg/l NAA and 0.5 mg/l Kn  

show  a  high  significant  length  of shoots of Oryza Oryza 

sativa L. Var. MRIA 1. L. Var. MRIA 1 (Figure 3(b)). However, 

the highest length of shoots achieved by the treatment 

using MS  media  supplemented  with  1.0  NAA and 1.0 Kn 

which gave 11.70 ± 2.19 cm mean  length  of  shoots.  The  

most unsuitable combination and concentration to induce 

longest shoots was observed in the MS media 

supplemented with 1.0 mg/l NAA and 4.0 mg/l BAP. 

All the number of shoots regenerated in most treatment 

increased as the concentration of cytokinin supplemented 

increased, except for the combination  of  IBA  and  BAP.  

Similar results  were  reported  by  Mahajam  et  al [10] 

which stated that the increasing concentration of BAP and 

Kn gave high number of shoots multiplication in rice 

(Oryza Oryza sativa L. Var. MRIA 1. L. var. Ranbir Basmati 

and Basmati 370). 

It was stated from previous study that the different 

types of explants and genotype always results in the 

different optimal response towards cytokinin [10]. In this 

case, Kn was observed to be the best exogenous cytokinin 

required for in vitro regeneration of Oryza Oryza sativa L. 

Var. MRIA 1. L. Var. MRIA 1. In contrast, BAP was reported 

to be the most effective type of cytokinin for plant 

regeneration in rice Oryza Oryza sativa L. Var. MRIA 1. L. 

Var. MR219 [12]. In the present study, a low concentration 

of Kn (0.5 mg/l) in combination with 1.0 mg/l NAA gave 

the highest number of shoots per explant (Figure 2). 

However, high concentration of BAP and Kn (4 mg/l) 

reduced the number of shoots regenerated. The results 

proved that low level of Kn in combination with NAA  was  

the  most  optimum concentrations of plant growth 

hormones to induce formation of multiple shoots in Oryza 

Oryza sativa L. Var. MRIA 1. L. Var. MRIA 1. 

As  reported  by  the  previous studies, the high 

concentration of Kn applied  on  in  vitro  regeneration  

media could give inhibitory effect of shoots multiplication 
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in Chlorophytum borivilianum [13]. This fact supported 

the assumption made where the increasing concentration 

of Kn in the media might be toxic towards the regeneration 

of shoots in Oryza Oryza sativa L. Var. MRIA 1. L. Var. MRIA 

1. 

For the length of shoots, increasing concentration of 

cytokinin shows the declining length of shoots in all 

treatments. This results was corresponds with the results 

obtained for number of shoots and roots. Therefore, it can 

be concluded that the increasing concentrations of BAP 

and Kn  in  combinations  with  NAA  or  IBA were not 

suitable for regeneration of Oryza Oryza sativa L. Var. MRIA 

1. L. Var. MRIA 1. Thus, high concentrations of cytokinin 

were not suitable to stimulate the cell elongation inshoots. 

As reported from the previous study, the supplementation 

of exogenous cytokinin above the optimal levels have 

caused the inhibitory impacts on shoots length and 

number [14]. 

It was previously stated that the regeneration ability 

depends on the ratio and concentrations of auxin and 

cytokinin supplied on the media [5]. In this study, the 

addition of 0.5 mg/l Kn were successfully induced 

formation of longest shoots length. [15] stated that Kn 

promoted nutrients transportation from source to sink 

areas which eventually triggered the length of microshoots 

increments. As reported by [16], the compatible 

combination of cytokinin and auxin have proven to be 

crucial for shoots elongation involving many in vitro 

propagation. Similar to the current findings, which only 

certain  plant  growth  hormone combinations are able to 

produce high number of shoots and length. 

Besides, the length of shoots reflected the ability of the 

regenerated plantlets  to  elongate.  It  can  be  assumed 

that the effects of the cytokinin supplemented in the 

culture media has promoted the shoots multiplication and 

eventually increased the shoots length. 

 

C.  Number of Roots 
 
Similar to the number of shoots, the highest number of 
roots was achieved in MS media supplemented with 1.0 
mg/l NAA and 0.5 mg/l Kn (114.00 ± 18.90 mean number 
per explant) as shown in Figure 3(c), followed by the MS 
media supplemented  with  1.0  NAA  mg/l  NAA and 1.0 
mg/l Kn (72.50 ± 23.95 mean number per explant), and 1.0 
NAA and 2.0 mg/l Kn (20.20 ± 4.10 mean number per 
explant). The lowest number of roots obtained in the 
media supplemented with 1.0 mg/l IBA and 2.0 mg/l BAP 
(0.80 ±1.14 mean number per explant).  
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Fig.  1.  The changes of seedlings development of Oryza Oryza sativa L. Var. MRIA 1. L. Var MRIA 1 within 4 weeks. (a) 

The growth of coleoptiles and radicles at the early 4 days culturing.The growth of seedlings after 1 weeks (b) 2 weeks 

(c) 3 weeks (d) and 4 weeks (e)

 

 

 
 

Fig.  2.  The  regenerated  plantlets  of  Oryza  Oryza sativa L. Var. MRIA 1.  L.  Var.  MRIA  1  on  MS  media supplemented 

with 1.0 mg/l NAA and 0.5 mg/l Kn 
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Fig. 3. The effects of different plant growth regulators on (a) Number of shoots. (b) Length of shoots and (b) Number of 

roots  

   

For  each concentration,  the  number  of roots produced 

decreased as the concentration of BAP and Kn supplied 

increased. In addition, the combinations of IBA and BAP 

failed to produce high number of roots in all cultures 

prepared. The highest number of roots achieved in MS 

media supplemented with combination of  IBA and  BAP  

was  only 4.60  ±  3.47 mean number of roots per explant. 
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Fig. 4. The effects of different plant growth regulators on (a) Number of leaves. (b) Fresh weight. (c) Dry weight 

 

The supplementation of 1.0 mg/l NAA helps in 

promoting the initiations of roots from the explants since 

the highest number of roots was found better in the 

treatment  with  inclusions  of  NAA. Previous study done 

on R. graveolens L. species showed that the low 

concentration of auxin applied with combination of 

cytokinin enhanced root proliferation [17]. Similar to this 

study, a low concentration of auxin, 1.0 mg/l NAA with 

combination of 0.5 mg/l BAP was able to produce high 

number of roots. 

  In  addition,  the  supplemented  of 0.5 mg/l Kn helps 

the auxin to promote the growth of shoots and roots of 

Oryza Oryza sativa L. Var. MRIA 1. L. Var. MRIA 1. The 

results indicated that the combinations of NAA and Kn 

was compatible   to   induce    regeneration   of shoots and 

roots of Oryza Oryza sativa L. Var. MRIA 1. L. Var. MRIA 1. 

This fact supported by [5] which showed that  

 

exogenous supplemented of auxin and cytokinin gave  

significant effect toward the shoots and roots  formation  

from  shoot  apical meristem.  

The results also proved that, even 1.0 mg/l NAA was 

suitable for the regeneration of Oryza Oryza sativa L. Var. 

MRIA 1. L Var. MRIA 1. However, it must be accompanied 

with the  supplementation  of  exogenous cytokinin as 

well. In addition, supplementation of exogenous auxin is 

important in root development since it promotes the 

initiation of lateral roots in rice plant [18]. 

Roots   initiation   is   a   complex process which involves 

high concentration of auxin during the primodium 

initiation and low concentration of auxin during the 

primodium differentiation [16], [18], [19]. Based on this 

fact, it is suggested that 1.0 mg/l of NAA was enough to 

stimulate both initiation and differentiation of roots of 

Oryza Oryza sativa L. Var. MRIA 1. L. Var. MRIA 1. 

In term of regeneration of roots, it is important to have 

an optimum concentration of auxin that can stimulate 

the   best   roots   regenerations.    

This   is because roots are important parts of plant since 

it is a part that regulates the absorptions of water and 

nutrients [21] Previous study also have recorded that the 

application of exogenous auxin including NAA has been 

able to save the defect root hair elongation in the mutant 

rice [21]. Those facts and findings have been able to prove 

that the supplementation of auxin is important in 

promoting roots initiation and elongation of rice Oryza 

Oryza sativa L. Var. MRIA 1.   L. Var. MRIA 1. 
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D.  Number of Leaves 

 

Based  on  Figure  4  (a),  the  number  of leaves 

regenerated from the stem explants were significantly 

affected by the different combinations and concentrations 

of hormones supplemented in the culture media (P < 

0.05). 

The highest number of leaves was obtained from the 

treatment using 1.0 mg/l NAA  and  0.5  mg/l  Kn  (8.70  ±  

1.64 number of leaves per explant) followed by the 

treatment using 1.0 mg/l NAA and 1.0 mg/l Kn (6.70 ± 

2.69 number of leaves per explant). MS media 

supplemented with 1.0 mg/l IBA and 1.0 mg/l BAP 

showed the lowest mean number of roots per explant 

(1.80 ± 1.62). 

The combination of NAA and Kn also were proven to be 

the best for the formation of high number or leaves. 

However, increasing concentration of Kn supplemented 

to the media showed the declining number of leaves 

 As stated by [22] leaf is a part of plants that contain a 

great amount of photosynthetic tissues. Therefore, high 

number of leaves in the regenerated Oryza Oryza sativa 

L. Var. MRIA 1. L. Var MRIA 1 depicted high metabolic 

activities occur within the regenerated leaves.  

This is because increasing number of leaves increased 

the number of stomata. It is well known that the 

stomata help in the regulations of gaseous exchange [23]. 

[24] has stated that cytokinin is important as a stomata 

regulator. It was reported that the application  of  Kn  to  

isolated epidermis from Anthephora pubescens had caused 

a stomatal opening. The opening of stomata allowed the 

respiration and transpiration of the   regenerated   Oryza   

Oryza sativa L. Var. MRIA 1.   L.   Var. MRIA 1 to take place 

efficiently. 

 

 

E.   Fresh and Dry Weight 

The results obtained for fresh and dry   weight   of   in   

vitro regeneration plantlets were corresponding with the 

number of shoots, roots, leaves as well as length of shoots. 

The highest fresh weight (4.35±1.57  g  per  explant) were 

obtained from the MS media treated with 1.0 mg/L NAA 

with  combination  of 0.5  mg/l  Kn, followed by 1.0 mg/l 

NAA and 1.0 mg/l Kn (4.19±2.24 g per explant), and 1.0 

mg/l NAA and 2.0 mg/l Kn (1.26±0.57 g per explant) 

(Figure 4b and 4c). 

Similar to the results of fresh weight,   the   highest   dry   

weight   also recorded from the treatment supplemented 

with 1.0 mg/L NAA with combination of0.5 mg/l Kn 

(0.44±0.11 g per explant), followed by 1.0 mg/l NAA and 

1.0 mg/l Kn (0.41±0.17 g per explant), and 1.0 mg/l IBA 

and 2.0 mg/l Kn (0.17±0.06 g per explant). 

These results indicated that the best regeneration 

medium yielded a regenerated plant that has 

comparatively high biomass. By referring to the results 

obtained for the fresh weight, the plant regenerated on 2.0 

mg/l NAA and 0.5 mg/l Kn have high amount of water 

content compared to the others. Measurement of fresh 

weight also essentials  in  order  to  measure  the  plant 

growth of the regenerated plants. As stated by North and 

Ndakidemi, [15] the weight of plant were used to measure 

the relatives growth and size of corresponding plants. 

Therefore,  high  fresh  weight  of regenerated  rice  Oryza  

Oryza sativa L. Var. MRIA 1.   L.   Var. MRIA 1 in this study 

showed that the best regeneration media yielded a high 

quality of regenerated plants with a high number of 

shoots and roots multiplications. 

[25] stated that fresh and dry weight achieved due to 

accumulation  of  cytokinin  which  caused the stimulation 

of cell division and elongation by nutrient transportation. 

This stimulation  eventually  increased  the quality of the 

regenerated plant in term of number   of   leaves,   shoots,   

and   shoots length.  This  fact  supported  the  evidence 

that the size of plant determine its fresh weight and dry 

weight [16]. 

Fresh and dry weight act as a biomass indicator of the 

corresponding regenerated plants. Previous study done 

by [26] showed that a high roots biomass could help in 

the shoots development by supplying water and mineral 

nutrition for the shoots. This fact supported   the   findings   

that   the   most suitable regenerated media exhibit high 

fresh and dry weight which corresponded with their 

largest sizes and number of roots and shoots. 

In addition, the application of cytokinins have been able to 

increase the number of shoots in orcid (Dendrobium nobile 

var. Emma white) which represents the importance of the 

exogenous cytokinin to promote the multiple shoots 

formation [27].  Similar to this study, the used of Kn has 

been able to produced plantlets of Oryza Oryza sativa L. Var. 

MRIA 1. L. Var. MRIA 1 with a high number of soots and 

roots.   

 

IV. CONCLUSION 

The   results   obtained   from   thepresent study 

showed that direct regeneration   of   Oryza   Oryza sativa 

L. Var. MRIA 1.   L.   Var. MRIA 1 without requiring the 

intermediate callus phase. It is successfully proved that 
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the plant growth hormones supplied could induce the cell 

division and differentiation of the SAM of Oryza Oryza 

sativa L. Var. MRIA 1. L. Var. MRIA 1. In fact, exogenous 

PGR are required in order to promote mitotic activity and 

differentiation which could eventually stimulates   the   

organogenesis   in   shoot apical meristem shoot apical 

meristem. 

 In  addition,  the  regeneration without intermediate 

callus phase is important on order to produce high quality 

of   plantlets   without   consuming   long periods of time. 

This is because the callus induction   is   considered   

tedious   steps which it require subculturing that is 

laborious and time consuming. 
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