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Abstract: The present investigation was conducted to establish a standard method for meristem culture and 

plant regeneration with root induction in citrus (Citrus aurantifollia) followed by aclimatization in the natural 

condition. Dissected apical meristem (20-25 days old field) was cultured onto filter paper bridge in liquid and 

semi solid MS media supplemented with different concentrations and combinations of auxin (NAA, IBA), 

cytokinin (BAP) and GA3. Among various combinations, 1.0mg/l BAP + 0.20 mg/l GA3 was found to be the best 

medium formulation for the primary establishment of isolated meristem. However, efficiency of meristem 

development was enhanced by addition of 0.50 mg/l GA3 with 1.5 mg/l BAP + 0.5 mg/l NAA. The developing 

meristems were rescued aseptically and cultured onto solidified MS media containing different concentrations 

and combinations of auxin, cytokinin and GA3 for shoots and roots multiplication. Among all treatments, semi 

solid MS medium having 1.5 mg/l BAP + 0.5 mg/l GA3 established as best medium formulation for proper shoot 

regeneration and elongation. Sub-culturing the in vitro grown shoots with different concentrations of auxin for 

root induction, best result (100%) was found for MS medium having 0.5mg/l NAA. Finally, well rooted plantlets 
were gradually acclimatized and successfully established in the field condition. 
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I. Introduction 
Plant tissue culture is an essential component of plant biotechnology offering novel approaches to plant 

production, propagation and preservation. It is broadly defined as the growth, differentiation and maintenance of 

cells, tissues, organs or whole plants on artificial nutrient medium under in vitro condition. It is an important 

tool in both basic and applied biological sciences as well as in commercial applications [1]. The most popular 

application of plant tissue culture is micro propagation which is an alternative to vegetative propagation of 

plants. It is now being used for large-scale multiplication of many plant species of diverse groups [2]. 

 

1.1 Background 
During the last three decades major advances have been made in this fascinating field of research and 

from being a scientific art, it has become a rapidly expanding technology [3] & [4]. Citrus species are infected 

with systemic diseases caused by fungi, viruses, bacteria, mycoplasma etc. Attack of pathogens does not always 

lead to the death of the plant but very often the infection caused by pathogens considerably reduces the yield and 

quality of the plant. While pathogens are nearly always transferred in plants through vegetative propagation, 

viral diseases occur in virtually all seed propagated as well as vegetatively propagated crop species [5]. 

Eradication of pathogens is highly desirable to optimize the yields and also to facilitate the movement of 

materials across the international boundaries. While Citrus aurantifollia infected with bacteria and fungi may 

respond to treatments with bactericidal and fungicidal compounds, there is no commercially available treatment 
to cure virus-infected plants. The therapeutic chemicals capable of eradicating virus from infected plants are not 

available through the use of virazole and vidarabine (antimetabolites) in the culture medium have resulted in the 

production of virus-free lily and apple plants [6]. To produce disease-free Citrus aurantifollia, a healthy nucleus 

stock could be developed by selecting out one or more healthy plants and then multiplying them vegetatively. 

Apical meristems in the infected plants are generally either free or carry a very low concentration of the viruses 

[7]. There are many explanations for this, such as viruses move readily in plant body through the vascular 

system which in meristems is absent and a high metabolite activity in the actively dividing meristematic cells 

does not allow virus replication and a high endogenous auxin level in shoot apices may inhibit virus 

multiplication. 

A Knowledge of the gradient of virus distribution in shoot tips encouraged to obtain virus-free plants 

from infected individuals of Dahlia through shoot-tip cuttings [8]. Morel and Martin (1952) applied tissue 

culture techniques for elimination of viral infection in Dahlia [9].   Since then meristem culture has now become 
a popular horticultural practice towards production of pathogen-free plants stock. 
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1.2 Objective of the study 

Citrus aurantifollia is highly cross pollinated crop like other Citrus species that is why it shows genetic 

variability in different varieties from major to minor. Limes are susceptible to tristeza virus, but the more serious 
threat is bacterial canker (Xanthomonas campestris; citri), which shortens the life of trees by griddling the trunk. 

But in vitro regeneration is highly effective biotechnological approach to develop true to type plants as well as 

diseases or insects resistant plants. The present study was undertaken to determine the culture conditions for 

meristem culture and establish the in vitro plant regeneration techniques from in vitro grown seedling of Citrus 

aurantifollia for production of virus free plant. 

 

II. Materials and Methods 
2.1 Plant materials 

In the present research work, shoot apical meristem from 20-25 days old field grown plants plants of 
Lime (Citrus aurantifollia) was used as plant materials. 

 

2.2 Other materials 

All chemical compounds including macro and micro nutrients, sugar, agar, HgCl2, 70% ethyl alcohol 

etc. were used in the present study, grade product of Sigma Chemical Co., St. Louis, MO, U.S.A. The vitamins, 

amino acids and growth regulators were also the products of Sigma, UNI- Chemical Company, China and 

S.R.L, India. 

 

2.3 Preparation of culture media 

The most convenient way to prepare MS medium using commercially available prepacked MS salt 

formulation supplied by companies such as the Sigma Chemical Company or North Carolina Biological Supply 
Company.  But in this research work MS medium was prepared using all of the individual chemical compounds 

recommended by [10]. In this way, the first step for the preparation of culture media (MS) was the preparation 

of the stock solutions. As different media constituents were required in various concentrations, individual stock 

solutions (I-VIII) were prepared for ready use during the preparation of culture media 

 

2.4 Preparation of stock solution for growth regulators 
In addition to the MS-nutrients, it is generally necessary to add one or more growth regulators such as 

auxins, cytokinin or gibberellic acid to the media to support desired morphological response of tissue and organs 

[11]. Three types of stock solutions such as main stock(1mg/ml), moderate stock-1(0.1mg/ml) and moderate 

stock-2(0.01mg/ml) were prepared for each of the growth regulators.  

 

2.5 Preparation of explants and inoculation of apical meristems 
Explants of lime were collected from open field. The plant materials were taken in a conical flask and 

thoroughly washed under running tap water for 1-2 hours to reduce the level of surface microorganisms. Then 

the plant materials were sterilized by different reagents in aseptic condition of laminar airflow cabinet. The 

shoot tips (1-2 cm) were excised with the help of sharp blade and collected in a petridish. The exposed meristem 

tips that appeared as a shiny dome (0.2-0.3 mm) were gently isolated with sharp blade. The culture tubes were 

deplugged and a singly isolated meristem tip was carefully placed on the M-shaped filter paper bridge of the 

culture tubes containing MS liquid medium with hormonal supplements for the establishment of primary 

meristem culture and kept in the incubation chamber. 

 

2.6 Sub-culture for meristem 

Two to three weeks after primary culture in liquid medium, the explants those showed morphogenesis 
response were removed aseptically from the culture tubes and transferred carefully into semi solid MS medium 

supplemented with different growth regulators for shoot multiplication directly. Then they were transferred into 

test tubes containing the same or different growth regulator supplemented in semisolid MS media for root 

induction.           

 

2.7 Sub-culture for shoot multiplication and rooting  

Successful shoots formation became evident when the explants grew into a small, leafy structure with 

several auxiliary branches; they were rescued aseptically from the culture and again cultured to freshly prepared 

medium containing different combinations of hormonal supplements for multiplication of shoots. When these 

shoots grew about 4-5 cm in length, they were separated aseptically from the culture vessels and the separated 

individuals were transferred to freshly prepare rooting media containing different combinations of hormonal 

supplements. 
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2.8 Acclimatization and transplantation of regenerated plantlets 

After developing sufficient roots system the regenerated plantlets were considered ready to transfer in 

soil and brought out of the controlled environment of plant growth room. The roots of the plantlets were gently 
washed under running tap water to remove agar attached to the root zone. 

 

2.9 Methods of scoring growth response for shoot induction 

Among the regenerated explants which showed advantageous shoots proliferations were recorded after 

required days of culture. Percentage of explants induced to develop auxiliary or advantageous shoots were 

calculated using following formula (Equation 1):  

% of explants induced shoots = 100
 cultured explants ofnumber  total

shoot induced explants of no.
  

 

Equation no. - 1 

 

2.10 For development of adventitious shoot bud 

Mean number of adventitious shoot buds per culture was calculated using the following formula (Equation 2): 

Mean (M) = 
n

n

i1
Xi















 

Where, X = the individual reading recorded on each plant. 

n = Number of observations. 

i = 1, 2, 3---------------------n 

Standard error (SE) was calculated using the following formula. 

Mean (M) = 
N

xi
 

Standard error (SE) = 
S

N
  

Where, S = 
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N
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M = Average weight of callus, 

 = Summation, 
Xi = Total weight of callus, 
N = Number of observation 

 = Summation. 

 

Equation no. - 2 

 

2.11 Methods of scoring for the Percentage of explants induced roots 

Among the explants, which showed advantageous root proliferations were recorded after required days of 

culture. Percentage of explants induced to develop advantageous roots were calculated using following formula 

(Equation 3):  

% of explants induced roots = 100
 cultured explants ofnumber  total

roots induced explants of no.
  

Equation no.  - 3 

 

III. Results 
3.1 Primary establishment of isolated apical meristem 

In liquid MS0 medium maximum 60% meristems were induced to develop shoots, whereas 50% 

response was observed in semi solid medium. The meristems initiate their initial growth by increasing in size 
and gradually changed to light green colour within 12-20 days of inoculation. 
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Figure 1: A: Isolated Meristem, B: Establishment of meristem in MS medium, C: Meristem establishment in 

MS solid medium supplemented with  1.0 mg/l BAP, D: Meristem establishment in MS liquid medium 

supplemented with 1mg/l BAP + 0.1mg/l GA3 

 

3.2 Effect of BAP 

Results of this study have been presented in Table-1. It has been observed that the cultured meristems 

started their initial growth by increasing in size and gradually changed to light green in colour within10-19 days 

of inoculation. The cultures exhibited highest 80% response for fresh growth when they were cultured on MS 

liquid and semi solid media supplemented with 1.5 mg/l BAP. Second highest response (70%) was obtained 

when they were cultured on MS liquid medium containing 1.0 mg/l BAP. This experiment indicated that 

different concentrations of BAP played a major role in establishing the isolated meristem culture of Citrus. 

Experimental results revealed that 1.5 mg/l BAP was appeared as the optimum dose for primary establishment 

of isolated meristems and the performance declined when the BAP concentration was decreased or increased 

from the optimum dose. 

 

3.3 Effect of BAP with GA3 

Depending on the supplemented BAP and GA3 the meristems resumed new growth within 12-16 days 

of culture. When the excised meristems were cultured in MS liquid medium supplemented with 1.00 mg/l BAP 

+ 0.20 mg/l GA3 showed highest 80% of response. Media having 1.0 mg/l BAP + 0.10 mg/l GA3 gave the lowest 

percentage (50%) of response within 12-16 days of inoculation. The remaining treatments of BAP with GA3 also 

gave satisfactory result in comparison to other treatments for primary establishment of apical meristem. 
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Table-1: Effect of different concentrations and combinations of growth regulators in MS liquid and semi solid 

media on primary response of meristem isolated from field grown plant shoots. Each treatment consisted of     

10 explants and data were recorded after 21 days of culture. 
 

Hormonal supplements(mg/l ) 

Response of meristem culture 

Liquid medium Semi solid medium 

Days to 

responded 

% of explants 

responded 
Days to responded % of explants responded 

MS0 12-16 60 12-16 50 

         BAP 

0.50 11-18 60 12-19 50 

1.00 10-15 70 11-14 60 

1.50 12-16 75 12-15 80 

2.0 11-17 70 12-16 75 

       BAP + GA3 

1.0+0.1 12-16 50 11-16 50 

1.0+0.2 11-16 90 12-15 80 

1.5+0.20 12-17 80 12-17 60 

 

3.4 Shoot regeneration and elongation from established meristem 

To evaluate the best performance for shoot regeneration and elongation, the primary established 

meristems were cultured on semi solid MS medium supplemented with different concentrations and 

combinations of growth regulators. Data were recorded on percentage of explants responded and number of 

shoots per culture and presented in (Table-2 and Fig. 2). Different treatments for shoot regeneration and 

elongation of established meristem are stated below: 

 

3.5 Effect of BAP 

Results of this study have been presented in Table -2. The cultures exhibited highest 80% response 

when they were cultured on MS semi solid media supplemented with 1.5mg/l BAP followed by 60% was 

obtained when they were cultured on MS medium containing 1.0 mg/l BAP. On the other hand, the lowest 
percentage of culture response was found 50% on MS medium containing 2.0 mg/l BAP. The highest number of 

shoots per culture was 5 when they were cultured on MS medium containing 1.5 mg/l BAP followed and the 

lowest number of shoots per culture was 2 on MS medium containing 2.0 mg/l BAP. 

 

3.6 Effect of BAP with GA3 

Depending on the supplemented BAP and GA3, when the established meristems were cultured on MS 

medium supplemented with 1.5 mg/l BAP + 0.50 mg/l GA3 showed highest 90% of response followed by 

80%on MS medium supplemented with 1.5 mg/l BAP + 0.1 mg/l GA3. Media having 1.5 mg/l BAP + 1.0 mg/l 

GA3 gave the lowest percentage (60%) of response. The highest number of shoots per culture was 7on MS 

medium supplemented with 1.5 mg/l BAP + 0.50 mg/l GA3.  On the other hand, the lowest number of shoots per 

culture was 4 on MS medium supplemented with 1.5 mg/l BAP + 0.1 mg/l GA3. 

 

3.7 Effect of BAP and GA3 with NAA 

When the excised meristems were cultured in MS medium supplemented with 1.5 mg/l BAP + 0.5 mg/l 

GA3 + 0.5 mg/l NAA showed highest 100% of response followed by 90% on MS medium supplemented with 

1.5 mg/l  BAP + 0.5mg/l  GA3 + 0.1 mg/l NAA.MS medium having 1.5 mg/l  BAP + 0.5 mg/l  GA3+1.0 mg/l 

NAA gave the lowest percentage (80%) of response. The highest number of shoots per culture was 10 on MS 

medium supplemented with 1.5 mg/l BAP + 0.5 mg/l GA3 + 0.5mg/l NAA. On the other hand, the lowest 

number of shoots per culture was 7 on MS medium supplemented with 1.5 mg/l BAP + 0.5 mg/l GA3 + 0.1 mg/l 

NAA. The remaining treatments of BAP and GA3 with NAA gave satisfactory result in comparison to other 

treatments for shoot regeneration as well as elongation. 
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Table-2: Effect of different concentrations and combinations of auxin and cytokinin for shoot regeneration and 

elongation from primary established meristems. 
Growth regulators 

(mg/l) 
Percentage of culture responded Number of shoots per culture 

BAP 

0.5 55 1 

1.0 60 2 

1.5 90 5 

2.0 50 4 

BAP + GA3 

1.5 + 0.1 80 4 

1.5 + 0.5 90 7 

1.5 + 1.0 60 6 

BAP + GA3 + NAA 

1.5 + 0.5 + 0.1 90 7 

1.5 + 0.5 + 0.5 100 10 

1.5 + 0.5 + 1.0 80 8 

 

 
Graph  1: Response of meristem culture in liquid medium and semi solid medium with hormonal supplements. 

 

 
Figure 2: A: Shoot initiation in MS medium supplemented with 1.5mg/l BAP + 0.5mg/l GA3 + 0.5mg/l NAA, 

B: Shoot elongation in MS medium supplemented with 1.5mg/l BAP + 0.5mg/l GA3 + 0.5mg/l NAA 

 

3.8 Root induction from in vitro grown shoots  

For root formation, in vitro grown shoots (about 3.4 cm height) were cultured individually on MS 

medium supplemented with different concentrations of IBA. The summarized results are presented in (Table -3 

,Table-4 and Fig. 3). 
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Figure  3:  A:  Root induction from in vitro grown shoot in ½ MS with 0.5mg/l IBA, B: Acclimatized plantlets in pot 

soil after 7 days and C: Establishment of plant in field after 45 days. 

 

3.9 Effect of IBA on root induction  

Among the different concentrations of IBA, 0.5 mg/l was found to be best for root induction and cent 

percent of root induction was achieved in the cultures. In this treatment, the highest mean number of roots per 

shoot was10 after 28 days of sub culture and the root induction frequency (96%) were recorded in MS medium 

having 0.5 mg/l IBA. Further increase or decrease in the concentration of IBA, rooting performance was 
decreased. 

 

3.10 Effect of NAA on root induction  

Among the different concentrations of NAA treated, highest number of roots (10),was observed nature 

of roots was long and thin and root induction frequency (90%) were recorded in MS medium having 0.5 mg/l  

NAA.  On the other hand, the lowest number of roots (3), and root induction frequency (60%) were recorded in 

MS medium having 0.1mg/l NAA. 

 

Table-3: Effect of different concentrations of IBA on root induction from in vitro grown shoots. 

 

 

Root induction 

In vitro development 

shoot with ½ MS 

Used growth 

regulator mg/l 

% of explants 

produce root 

Average no. of roots after 

14 and 21 days 

IBA 

0.10 55 4.00 9.25 

0.50 90 8.10 18.20 

1.00 70 5.50 11.75 

 

Table-4: Effect of different concentrations of NAA on root induction from in vitro grown shoots. 
Growth regulators 

(mg/l ) 

% of culture responded 

(M) 
No. of roots per shoot Nature of roots 

NAA 

0.1 60 3 Long, thin 

0.5 90 10 Long, thin 

1.0 70 5 Long, thin 

 

3.11 Acclimatization and transfer of plantlets to soil  

When the plantlets were 6-8 cm long and well rooted, they were ready for hardening and 

transplantation into the soil. The caps of the culture vessels containing the plantlets were removed and the 

plantlets were kept in growth room for 2 days. Then the cultures were transferred gradually from growth 
chamber to open room and kept there for 3 days. Plantlets were subsequently transferred to larger pots and 

gradually acclimatized to outdoor conditions where survival rate of the transferred plantlets to the nature was 

100%. 

 

IV. Discussion 
In the present investigation attempts were made to standardize a reproducible protocol for in vitro 

clonal propagation of Citrus aurantifollia. However, meristem culture is one of the important methods to 

produce virus free stock plants [12]. Many important medicinal plants and horticultural crops (e.g. bitter gourd, 

potato, tomato, orchids, lady’s finger and strawberries) are routinely free of viral contamination by using this 
procedure [13],[14] &  [15]. Smith and Murashige (1970) accomplished the first true meristem culture of an 

isolated angiosperm meristem into a complete plant [16]. 

 There have been many reports on using Calcium hypochlorite [17] or Sodium hypoclorite [18] for 

surface sterilization of explants. HgCl2 solution (0.5%) was used as surface sterilants in this investigation but 
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non-judicious application of HgCl2 solution in uncertain duration may lead to microbial contamination of the 

culture as well as tissue killing. 

Studies on the regeneration systems of citrus species reported so far had shown the critical effect of 
cytokinin concentration and types of cytokinin-auxin ratios in regeneration from various types of explants 

[19],[20] & [21]. Use of shoot tips as the explants was found to be an effective method for in vitro clonal 

multiplication of Citrus aurantifollia [22]. We  studied the morphogenetic response of meristem of Citrus 

aurantifollia cultured on MS medium supplemented with different concentrations of BAP alone and in 

combination with GA3. After 12-16 days meristematic positive response was found. Best response was found in 

the medium supplemented with 1.5 mg/l BAP and 1.00 mg/l BAP + 0.20 mg/l GA3. Then the explants were 

transferred to shooting medium. After four weeks, shoot buds developed from meristem (fig. 1B). The  

maximum number of shoots were produced in medium supplemented with 1.5 mg/l BAP, 1.5mg/l BAP with 

0.50 mg/l GA3, 1.5 mg/l BAP with 0.50 mg/l GA3 and 0.5 mg/l NAA (Table-3). Among these MS medium, 

supplemented with 1.5 mg/l BAP + 0.50 mg/l GA3 + 0.5 mg/l NAA showed highest 100% of response followed 

by 90% on MS medium supplemented with 1.5 mg/l BAP + 0.5 mg/l GA3 + 0.1 mg/l NAA. MS medium having 
1.5 mg/l BAP + 0.50 mg/l GA3 + 1.0 mg/l NAA gave the lowest percentage (80%) of response. However, Altaf 

et al. (2008) showed that 2 mg/l BAP with 0.50 mg/l NAA induced multiple shoots from Citrus jambhiri [23]. 

The result of the present investigation supports with the mentioned results. Addition of 0.50 mg/l NAA to the 

medium containing relatively high concentration of BAP did not improve the rate of shoot proliferation in sour 

pummelo. This result is in agreement with that of Omura and Hidaka,1992 [24], who found that the addition of 

0.50 mg/l NAA is not as critical as that of different concentration of BAP for shoot tip culture of Satsuma  

mandarin. The results of the present investigation differ with the above results. In addition, Paudal and Haq 

(2000) found that addition of low concentration (0.10 mg/l) NAA to medium containing relatively high 

concentration of BAP (2.5 mg/l) did not improve the rate of shoot proliferation in pummelo [20]. One reason for 

shoot proliferation without addition of any auxin to the medium may be due to the ability of tissues to synthesize 

the required amount of auxin endogenously [16]. Different concentration of IBA and NAA such as; 0.1 mg/l, 0.5 

mg/l and 1.0 mg/l were used in MS medium for rooting excised shoots. The highest number of roots was 
produced with 0.5 mg/l NAA (Table-4). A study with citrus grandis showed similar results with maximal 

rooting at 0.5 mg/l NAA and a decrease in the frequency of rooting below this NAA concentration [20]. 

However, in the study by Parthasarathy and Nagarju (1996) [25], MS medium supplemented with 0.05 mg/l 

NAA was found to be the best for rooting in many Citrus species, excepting Musambi for which the best 

concentration was 0.2 mg/l NAA.  

Among the auxins, IBA were less effective  for rooting of Citrus aurantifollia than NAA [25]. Root 

length decreased with higher concentration of NAA and the longest root was found in the 0.5 mg/l NAA 

treatment (Table-4). Similarly, various rooting responses of Mandarin varieties to different types of auxin were 

reported by Omura and Hidaka [24]. After four weeks of culture in rooting medium, the elongated plantlets were 

decapitated and the effect on the growth of axillary shoots was studied. The decapitated plantlets showed the 

development of two to five axillary shoots within two weeks of culture (Fig. 3). Induction of axillary shoots by 
decapitation of in vitro generated plantlets has been reported in many plant species [26] & [27]. However, so far 

there have been no reports of micropropagation of Citrus species from axillary shoot tip induced by decapitation 

The regenerated plantlets showed 70% survival when transplanted. The success rate was recorded by emergence 

of two or three new leaves. Morphologically, these plants were slightly yellowish when compared to the parent 

plant.      
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