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Abstract: The present investigation was intended to establish an effective protocol for direct shoot 

regeneration as well as root induction of Citrus sinensis using seed germinated shoot tip and nodal 

segments. Surface sterilization of explants was attributed with NaOCl (Sodium hypochloride) in 

shoot tip and nodal segments for successful contamination free culture. For direct shoot 

proliferation, nodal segments and shoot tips showed effective results when it cultured aseptically 

on MS (Murashige and Skoog) medium containing different concentrations and combinations of 

BAP (Benzylamino purine), GA3 (Gibberellic acids), NAA (Naphthalene acetic acid) and IAA 

(Indole acetic acid) the best result was observed in the combination of 1.5mg/l BAP+ 0.2 mg/l 

GA3. The explants were inoculated on MS medium supplemented with 8g/l Agar and 30g/l sucrose, 

different combination and concentration of plant growth regulators was used for plantlet 

regeneration. Root induction has also done here using various concentration of IAA hormone. The 

highest number of root induction was found to be MS containing 2.0mg/l IAA. Induced roots were 

elongated properly at the same hormonal concentration after two weeks of inoculation. From the 

above findings, it is suggested that different hormonal concentration and combination has 

significant effect on the propagation of sweet orange plant. The established protocol would be 

helpful for direct plantlet regeneration as well as proliferation of this valuable fruit crop plants. 
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Introduction  

Citrus sinensis (L.) is a most popular cultivated fruit plants belonging to the family of Rutaceae. 

It has a common name like sweet orange or naval orange (Azim et al., 2011) or Malta in 
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Bangladesh. Sweet orange trees are extensively grown in tropical and subtropical region for their 

appropriate growth and development. The fruit of the sweet orange can be eaten fresh or processed 

for its juice or fragrant peel. The fruits of sweet orange have low calories, contains no saturated 

body fat or cholesterol, but it contains rich dietary fiber, pectin, potassium, calcium and also 

contains a variety of phytochemicals and flavonoids like- hesperetin, naringin and 

naringenin1(Liu, Heying, & Tanumihardjo, 2012). It is an excellent source of vitamin C (provides 

53.2 mg per 100 g, about 90% of DRI) and it is rich in antioxidant activity (Azim et al., 2011; 

Kiong, Wan, Hussein, & Ibrahim, 2008). Malta helps to reducing the risk for cancers (Elangovan, 

Sekar, & Govindasamy, 1994); chronic diseases like arthritis (Sinclair, Bartholomew, & Ramsey, 

1945) and coronary heart disease (Crowell, 1999). Malta contains about 170 phytonutrients and 

more than 60 flavonoids with anti-tumor, anti-inflammatory, blood clot inhibiting and antioxidant 

properties (Etebu & Nwauzoma, 2014). These fruits are consumed all over the world and also 

considered as one of the major economical fruit crops in the world (Kiong et al., 2008).  

Citrus sinensis (L.) plants are propagated by both sexual and asexual techniques. Commercially 

sweet orange trees are propagated asexually by grafting a mature cultivar on an appropriate 

seedling rootstock to ensure the same yield, identical fruit characteristics, and resistance to 

diseases. The rootstocks are generally propagated sexually through seeds and most of the 

commercial varieties are propagated by asexual methods (Savita, Virk, & Nagpal, 2010).  

However, the cultivation of C. sinensis is difficult because of its slow growth (Mukhtar, Khan, 

Fatima, Abbas, & Shahid, 2005) and susceptibility to a large number of diseases such as, Citrus 

chlorosis (Rossetti, 1977), Citrus canker (Rossetti, 1977), Ring spot (Fawcett, 1933), Sweet orange 

scab (Kunta et al., 2013), Citrus black spot (Koltze, 1981), and Powdery mildew (AR, 1992). To 

overcome these problems plant tissue culture technology has  been  successfully  used  for  the  

commercial production of disease free plants and  to  conserve  the  germplasm of rare (Rossetti, 

1977) applied as a helpful tool to reduce the time for improvement of the sweet orange through 

somaclonal variation. This technique helps to improve against different abiotic stresses, low yield 

and conserve important citrus genotypes through exploiting somaclonal variations, somatic cell 

hybridization (Kobayashi, Ikeda, & Uchimiya, 1985). By using micro-propagation method, there 

is a chance to establish a cell line of virus free sweet orange (Azim et al., 2011). 
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Regeneration of Citrus sinensis (L.) plantlets can be achieved by a wide range of explants such as 

stem sections (Bhansali & Arya, 1980; C. Chang, Chen, Tsai, & Chang, 2000; Chaturvedi, 1974; 

I. Singh, 2002), root sections (Sauton, Mouras, & Lutz, 1982; I. Singh, 2002), root meristems (S. 

Singh, Ray, Bhattacharyya, & Deka, 1994), shoot and shoot tips (Murashige & Skoog, 1962; Thwe 

et al., 2012). Micropropagation of sweet orange mainly for obtaining virus free propagative and 

reduce economic losses which is caused by virus and virus like diseases. Micropropagation has 

been the most effective tools for commercial application mostly in herbaceous plants (Honda, Liu, 

& Kobayashi, 2001). Micropropagation has many advantages over conventional methods of 

vegetative propagation and its application in Horticulture, Agriculture and Forestry is currently 

expanding all over the world. Micropropagation of sweet orange is the most effective way to obtain 

a large number of genetically identical, physiologically uniform and developmentally normal 

plantlet. Tissue culture technique is used for commercial production of economically important 

plants (Parmessur, Aljanabi, Saumtally, & Dookun‐Saumtally, 2002) especially for microbe free 

plants (Anand & Jeyachandran, 2004). 

The present study could be a suitable tools to the scientific community to develop a high frequency 

of direct regeneration system of sweet orange or Citrus sinensis (L.) using shoot tip and nodal 

segment explants and to compare explants responses to different hormone concentrations. 

Materials and methods  

Collection of explants  

In the present investigation, different parts of sweet orange (Citrus sinensis L.) were used as an 

experimental material. Mature seeds of sweet orange were used for in vitro propagation. The 

orange seeds were collected from the local market at Rajshahi, Bangladesh.  For in vitro culture, 

nodal segments and shoot tips were used as explants. 

Surface sterilization 

Explants were removed and grown plants and washed thoroughly in running tap water for 30 min 

then immersed in savlon for 10 minutes and washed several times with distilled water. Explants 

immersed in 70% ethanol for 1 minute. The explants were blotted in sterile filter paper to remove 

excess water and then remove the cutting ends. 

Culture media and micropropagation 

The all explants (1-2 cm) were implanted on sterile medium consisting of salts and vitamins of 

MS medium (Murashige & Skoog, 1962) supplemented with 8g/l Agar and 30g/l sucrose, different 
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combination and concentration of plant growth regulators (auxin and cytokinins) for callus 

induction and shoot regeneration. The optimum pH was adjacent to 5.8 by using 0.1 N NaOH 

(Sodium hydroxide) or 0.1 N HCl (Hydrochloric acid) and autoclave at 121±2°C for 20 minutes. 

Cultures were incubated at 25±2°C under 16 hours of photoperiod with 45μmol m-2 sec-1 irradiance 

provided by cool white fluorescent light (PHILIPS 40W tubes). The regenerated callus and the 

micro shoots were transferred into regeneration medium for callus to form adventitious bud and 

shoot elongation medium containing different concentrations of BAP and combination of 

BAP+GA3 and BAP+NAA individually. Individual shoots, which were grown about 3-4 cm long 

transferred to half strength MS medium containing BAP, GA3 and NAA for multiple shoot 

formation and direct proliferation of shoot from shoot tips and nodal segments and different 

concentrations of IAA on root induction in MS media. The rooted plantlets were transferred into 

plastic cups containing soil: sand: vermiculite (1:1:1). The plantlets were maintained under the 

same controlled environmental conditions for 3 weeks and watered once in 2 days with half 

strength MS basal salts, subsequently they were transferred to polythene cover and kept in 

greenhouse and after four weeks the plantlets transfer to the field. 

Data assortment and applied math analysis  

Data were collected after 28 days of culture and all the treatment of 20 test tube cultured for each 

concentration statistically analyzed by using Microsoft Excel and analysis of variance (ANOVA), 

mean, percentage and standard errors were carried out for each conditions done by Microsoft excel 

and SPSS software. 

Results 

Effects of different concentrations and combinations of BAP, GA3 and NAA for multiple shoot 

formation and direct proliferation of shoot from shoot tips and nodal segments of Citrus sinensis 

Nodal segment and shoot tip of Citrus sinensis (L.) were cultured on MS medium containing 

different concentrations and combinations of BAP and also BAP with GA3, and NAA for multiple 

shoot formation. Different concentrations of BAP (0.5 mg/l – 3 mg/l) in combination with GA3 

(0.1mg/l – 0.3 mg/l) and NAA (0.2 mg/l – 0.3 mg/l) were used for multiple shoot formation and 

shoot proliferation. Among all the different concentrations and combinations, from nodal culture 

the highest mean number of shoot was observed at the combination of 2 mg/l BAP+0.1 mg/l NAA 

respectively and the highest mean number of shoots was observed 5.6 from this combination. In 

case of shoot tip culture the highest number of shoot was observed at the combination of 1.5 mg/l 
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BAP+0.2 mg/l GA3 respectively and the highest mean number of shoots was observed 4.4 from 

this combination. The percentage of shoot initiation was 85% for nodal segments and 80% for 

nodal segments (Table 1& Figure 1). 

Effects of different concentrations of BAP  

In our study, the media supplemented with BAP, the highest shoot length was found 2.50cm and 

3.15cm in nodal segments and shoot tips explants respectively (Table 1 & Figure 1). The average 

lowest number of multiple shoots was observed in 0.5mg/l BAP. In this combination, the average 

number of shoot per explants were 1.7 in shoot tips and 2.1 in nodal segments respectively, the 

lowest average length was observed 2.0 in shoot tips and 2.0 in nodal segments respectively. 

Effects of different concentrations and combination of BAP and GA3 

For the combination of BAP and GA3 it was observed that the highest shoot length was found in 

the combination of 1.5 mg/l BAP+0.2 mg/l GA3in nodal segments (5.20cm) and shoot tips 

(4.90cm) explants respectively (Table 1 & Figure 1). The average lowest number of multiple 

shoots was observing in 0.5 mg/l BAP +0.1 mg/l GA3. In this combination the average number of 

shoot per explants were 2.5 in shoot tips and 1.5 in nodal segments respectively, the lowest average 

length was observed 4.5cm in shoot tips and 4.7cm in nodal segments respectively. 

Effects of different concentrations and combination of BAP and NAA 

It was observed that the combination of BAP and NAA, the highest shoot length was found in the 

combination of 1 mg/l BAP+0.2 mg/l NAA in nodal segments (4.80cm) and 2 mg/l BAP+0.1 mg/l 

NAA in shoot tips (4.95cm) explants respectively (Table 1 & Figure 1). The average lowest 

number of multiple shoots was observed in 1 mg/lBAP+0.1 mg/l NAA. In this combination the 

average number of shoot per explants were 2.5 in nodal segments and 2.3in shoot tips when culture 

at the combination of 0.5mg/l BAP+0.1 mg/l NAA respectively, the lowest average length was 

observed 4.35 in shoot tips and 4.18 in nodal segments respectively. 

Effects of different concentrations of IAA on root induction in MS media 

In our study, the media supplemented with different concentrations of IAA, the average highest 

length of root was observed 4.6cm at 2.0 mg/l IAA which is followed by 3.5cm at 2.5 mg/l IAA, 
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3.2cm at1.5 mg/l IAA, 2.8cm at 1.0 mg/l IAA and 2.5cm at 0.5 mg/l IAA respectively. The lowest 

average length was observed when media supplemented with 2.5cm at 0.5 mg/l IAA concentration 

respectively (Table 2& Figure 1).  

Hardening and transplantation of the plantlets 

The plantlets of sweet orange were subsequently subcultured and finally transferred aseptically to 

the greenhouse after 3 weeks of inoculation covered with polythene bag, after four weeks the 

plantlet were transferred to the soil. The percentage of such plantlet survivality was observed 85% 

(Table 2 &Figure1). 

Table 1: Effects of different concentrations and combinations of BAP, GA3 and NAA for 

multiple shoot formation and direct proliferation of shoot from shoot tips and nodal 

segments 

 

Hormonal 

Supplement

s (mg/l) 

with MS 

Nodal segments Shoot tips 

No. 

explants 

inoculated 

Percentag

e of 

explants 

responded 

Mean 

No. of 

shoots 

Mean 

length of 

shoots 

(cm) 

No. 

explants 

inoculated 

Percentage 

of explants 

responded 

Mean 

No. of 

shoots 

Mean 

length of 

shoots 

(cm) 

BAP 

0.5 20 42 2.1 2.20 b 20 10 1.7 2.00 d 

1.00 20 58 4.0 2.10 bc 20 30 2.5 2.20 c 

1.5 20 67 3.0 2.00 c 20 50 1.7 2.40 c 

2.0 20 77 3.5 2.50 a 20 70 2.0 3.15 a 

3.0 20 18 2.6 2.30 b 20 50 2.7 2.75 b 

BAP+GA3 

0.5+0.1 20 30 1.5 4.70 d 20 40 2.5 4.50 c 

1+0.1 20 50 4.7 4.90 c 20 60 4.0 4.80 ab 

1.5+0.2 20 70 3.7 5.20 a 20 80 4.4 4.90 a 

2.5+0.3 20 40 3.5 5.00 b 20 50 4.0 4.60 b 

BAP+NAA 

0.5+0.1 20 40 3.0 4.60 ab 20 20 2.3 4.50 c 

1+0.1 20 60 2.5 4.80 a 20 30 2.6 4.35 d 
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2.0+0.1 20 85 5.6 4.35 b 20 70 3.4 4.95 a 

2.5+0.2 20 70 5.0 4.48 ab 20 50 2.7 4.65 b 

3+0.3 20 50 3.5 4.18 c 20 40 3.0 4.50 c 

NB: The data with same alphabets are not significantly different according to DMRT at 5% 

probability. 

Table 2: Effects of different concentrations of IAA on root induction in MS media 

Hormonal supplements 

(mg/l) with MS 

Number of explants Percentage of 

response 

Mean length of root 

(cm) 

IAA 

0.5 20 30 2.5 e 

1.0 20 43 2.8 d 

1.5 20 55 3.2 c 

2.0 20 70 4.6 a 

2.5 20 58 3.5 b 

NB: The data with same alphabets are not significantly different according to DMRT at 5% 

probability. 

 

Figure 1: Micropropagation of C. sinensis (L.) a. Seed germination; b. Multiple shoot formation; 

c. Shoot proliferation; d. Root induction e. Hardening and transplantation of the plantlets 
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Discussion 

Multiplication of regenerated shoot was the major objective of the in vitro plant regeneration or 

multiplication of plant species. The hormonal concentrations have a significant effect on multiple 

shoot regeneration (Chaturvedi, 1974). In this experiment different concentrations and 

combinations of BAP and GA3 were used with MS basal media to study their effects on multiple 

shoot formation from nodal segments and shoot tips. In a significant development of suitable 

protocol for shoot multiplication, it was observed that nodal segment explants gave better result 

than shoot tip explants. When MS fortified with BAP and GA3 it was observed that the highest 

shoot length was found in the combination of 1.5 mg/l BAP+0.2 mg/l GA3 in nodal segments 

(5.20cm) and from shoot tips 2.0 mg/l BAP+0.1 mg/l NAA (4.95cm) explants respectively. 

Regeneration of Citrus has been already investigated using MS medium supplemented with BA at 

3 mg/l or with BA at 1 mg/l (Raman, Gosal, & Brar, 1992) the combination  of  BA  and  NAA  

have  been  shown for  shoot  regeneration from calli  of  different Citrus  spp.. Some studies have 

shown use of BA alone to be better treatment for shoot regeneration in different Citrus spp. (Costa, 

Otoni, & Moore, 2002; He, Xie, Peng, & Mu, 2006). Reported shoot regeneration at BA from 0.5 

– 4 mg/l for Citrus paradise epicotyl explants. In vitro grown ash gourd explants gave adventitious 

shoot elongation in the combination of MS + 1 mg/l BAP + 0.5 mg/l IAA (Chan, Dewi, & Boey, 

2005); MS+1.6 mg/l BAP + 0.5 mg/l NAA (Haque, Sarkar, Mahmud, Rezwana, & Sikdar, 2008). 

It was observed that the effects of GA3 with BAP were better for shoot multiplication directly than 

the effect of BAP singly in ash gourd. On the other hand, only BAP was also found to be effective 

for in vitro shoot multiplications in Alpinia purpurata by (B. W. CHANG & Criley, 1993) and 

Cucumis melo by (Huda & Sikdar, 2006). Some other plant species required more than one type 

of cytokinin for shoot proliferation such as Techtona grandis (Davanagere, Sherif, & Goswami, 

1999) MS fortified with combination of BAP, IBA GA3 was very good for shoot initiation and 

elongation from apical meristem of Citrus sinensis (Kobayashi et al., 1985). It was observed by 

(Haque et al., 2008) the ability to produce 3.1 shoots per explant with a response of 54% in C. 

sinensis on BA+GA3 (1.8+0.7 μM) supplemented MS medium. Best responses for multiple shoot 

regeneration were obtained by (Debnath, Roy, Ahmed, & Hossain, 2000) from the nodal segments 

of B. hispidaon MS + 1.5 mg/l BAP and they observed the frequency of multiple shoot 

regeneration from nodal segments was 90%. The frequency of multiple shoots regeneration in 

Tricosanthes dioica were 92% and 100% for shoot tips and nodal segments respectively when 
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cultured on the medium MS + 2 mg/l BAP +0.1 mg/l NAA (Kathal, Bhatnagar, & Bhojwani, 1988). 

The fortifications of cytokinin for multiple shoot induction at lower concentration have been 

reported by (Anand & Jeyachandran, 2004; M. Singh, Mishra, & Bhatnagar, 1996). In Zehneria 

scabra (L.F) for shoot multiplication, high concentration of BAP and IAA was used by 

(Chakravarty & Goswami, 1999). Maximum shoots per nodal explants on MS medium containing 

1.0 mg/l and 2.0 mg/l BAP + 0.2 mg/l NAA was found to be the best medium for the production 

of multiple shoots in water melon (M. Singh et al., 1996). (Kobayashi et al., 1985) Found that 

combination of 1.5mg/lBAP+0.1 mg/l NAA was more suitable for adventitious multiple shoot 

formation in trestle ground (Citrullus vulgaris). 

In our present study, the media supplemented with different concentration of IAA, the average 

highest length of root was observed 4.6cm at 2.0 mg/l IAA. On the contrary, NAA was found to 

give better response in Citrus acida (Peña et al., 1995). Other  reports  which  showed  NAA  to  

be  better rooting  hormone  for  Citrus  spp.(Kathal et al., 1988; Peña et al., 1995; Rani et al., 

2004; USMAN, SANA, & Fatima, 2005). Root induction is obligatory for successful plant 

regeneration. Efficient rooting was achieved on V2 strength MS medium supplemented with 1 mg/l 

IBA and 100% micro-shoots produced root. (Sauton et al., 1982) Achieved good result for root 

induction using only IBA in C. melo. MS medium supplemented with 0.6 mg/l NAA, gave 70% 

response. But when 0.8 mg/l NAA was used 40% was the highest response. (Kathal et al., 1988) 

were achieved efficient rooting using half strength of MS + 0.5 mg/l NAA in Trichosanthes dioica 

(Ajayi, Berjak, Kioko, Dulloo, & Vodouhe, 2006; Kathal et al., 1988) with MS media on 

watermelon. Shoot elongation was simultaneously observed along with root induction using NAA 

in Zehneria scabra (L.F.) (Chaturvedi, 1974). (Ahmad & Anis, 2005) Achieved best normal root 

growth on full strength MS medium supplemented with 0.1 mg/l NAA and 0.2 mg/l KIN in Telfair 

occidentalis. 
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