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ABSTRACT    
Studies were carried out in the Biotechnology laboratory of Plant Science Department of Ahmadu 
Bello University Zaria, Nigeria to study the effect of some plant growth regulators on the in vitro 
initiation of callus using the leaves of Chiyong variety of Artemisia annua. The  explants were 
sterilized and incubated on  Murashige and Skoog basal media augmented with varying 
concentrations ranging from 0.5 to 3.0 µm/l of  Giberellic acid (GA3), Benzyle amino purine (BAP), 
Naphthyle acetic acid (NAA),2,4-Dichlrophynoxyacetic acid (2,4-D), Indole butyricacid (IBA) and 
Kinetin (Kin). The experiment was arranged in a completely randomized design with 2 replicates. 
Low BAP concentration of 0.5 µm/l and a high concentration of NAA of 3.0 µm/l as well as equal 
concentration of BAP of 1.0 µm/l and IBA of 1.0 µm/l had the least days (7days) to regeneration. 
For regeneration percent, equal low concentrations of BAP of 0.5 µm/l and NAA of 0.5 µm/l had the 
highest performance of 94%. However, no significant difference was observed between treatments 
with respect to vigor. Equal low concentrations of BAP (0.5 µm/l) and (0.5 µm/l) NAA and BAP(1.0 
µm/l) combined with IBA(1.5 µm/l) had the highest height. Results of Analysis of Variance 
(ANOVA) indicated significant difference among the treatments compared with the control 
(P<0.05). Therefore, combined BAP and NAA treatment is an efficient protocol for callus initiation 
and proliferation. A combination of GA3 and BAP is suitable for shoot initiation from callus using 
cultures of A. annua.   
Keywords: Artemisia annua, in vitro, Nodal cuttings, growth regulators  
 
INTRODUCTION 

Artemisia annua L (Wormwood) belongs to the family 
Asteraceae (Compositae). Ferreira, and Janick (2002) 

and consist of about 400 species (2n = 36) (Bailey 
and Bailey, 1976; Bennett et al., 1982; El-haq et al., 
1991; Jaime and Da silver, 2003; Klayman, 1993; 
McVaugh, 1984). The family is characterized by 

extreme bitterness of all parts of the plant (Tripathi et 
al., 2000; Tripathi et al., 2001; Ferreira and Janick, 

2009).  
A. annua is a determinate short-day plant very 

responsive to photoperiodic stimulus. The critical 

photoperiod is about 13.5 hours. It thrives in many 
temperate to sub-tropical ecologies. Its cultivation 

spread from China to Africa, mainly Kenya, Tanzania 
and Nigeria in response to the call by the World 

Health Organization for the use of Artemisinin-
Combination Therapies (ACT). The most concentrated 

areas of artemisia production are Asia, Europe, and 
USA and recently East Africa (Klayman, 1993). 

However, global estimates for A. annua revealed a 
production rate of 2,000 ha in 2003, 3000 ha in 2004, 

9,500 ha in 2005, 26.000 ha in 2006, 14,500 ha in 
2007, 4,500-5,000 ha in 2008, and 6,000 ha in 2009 

(Pilloy, 2010; RBM, 2009). In China production rate of 
2,000 ha in 2004, 600 ha in 2005 and 9,000 ha in 

2006 of Artemisia were reported. Related biomass 
volumes were placed at 3,000, 10,000, and 14,000 

tons respectively (Tan, 2006). Vietnam was also a 

substantial producer but the area is reported to have 
dropped from 10,000 ha in 2006 to 3,000 ha in 2007, 

1,000 ha in 2008, 700 in 2009, 500-700 in 2010, and 
then expanded to 1,500 ha in 2011 (Cutler, 2008; 

Artepal, 2008; Hiey, 2010; Ut, 2011). India has the 
potential for Artemisia cultivation but no estimates of 

production have been identified (Sharma, 2006; 
Cutler, 2008). 

In 2005, Kenya, Uganda, and Tanzania recorded an 
annual production of 1,650 ha each. The yield raised 

in 2007 to 3,500 and 4,000 ha respectively (ABE, 

2007). In Nigeria, propagation of A. annua started in 
2003 while artemisinin extraction commenced in 

2005. As of August 2007, over 1,500 ha was prepared 
for planting with seeds from Brazil, China and local 

breeds. (Anonymous, 2007; NA, 2007).  
Propagation problems include shortage of seed/ 

seedlings, lack of sufficient training, difficulty to meet 
quality standards for processing and extraction, 

steady market and profitable price to attract farmers, 
weed control, harvesting and drying techniques (ABE, 

2006). 
East Africa was placed at about 4,000 ha in 2006 and 

2007 with an average biomass yields of 2.5 t/ha 
(EABL, 2005). Similar estimates were not available for 

other countries and areas (Cutler, 2008).  

http://dx.doi.org/10.4314/bajopas.v9i1.24 
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Artemisia annua has been used in the treatment of 
skin diseases and it has also been shown to be an 

effective non-selective herbicide (Duke et al., 1987; 
Paniego and Giulietti, 1994). The anti-bacterial and 

antioxidant properties of the plant’s extracts and 
essential oil are a welcome development in the 

livestock industry (Allen et al., 1997; Arab et al., 
2006; Brisibei et al., 2008; Xiao and Catto, 1989; Xiao 

et al., 2000; Lescano et al., 2004). The plant has also 
been used to impair the growth and development of 

insects that attack stored grains ( Tripathi et al., 
2000;Tripathi,2001).Three common derivatives found 

in Artemisia include artesunate, artemether and 
Artemisinin (Duke et al., 1987; Kinscher, 1992) 

This study was carried out to establish a suitable 
micropropagation protocol for initiation of high 

yielding calli using  A. annua leaf primordial.  
 

MATERIALS AND METHODS 
Study Area 

The experiment was conducted in the Biotechnology 
Laboratory of Plant Science Department, Ahmadu 

Bello University, Zaria, latitude 11º 11 N and 07º 38 
E, altitude 670 m above sea level, 640 km from the 

Atlantic shores of Nigeria in the south. 
Materials 

Leaf primordial of Chinyong variety of A. annua were 
sourced, sterilized and inoculated for callus initiation 

on a Murashige and Skoog basal media supplemented 
by varying concentrations of auxins using   the 

procedure of Hamish and Sue (1998) and Razdan 
(2002). 

Treatments and experimental design 
Explants were subjected to the following treatments 

(Table I) and arranged in a completely randomized 
design with 2 replicates. 

 

Table1: Combination of PGRs used as supplements together with MS medium for callus initiation in 
A. annua.   

Hormone                                    Concentration ( )/( lmµ  

BAP*NAA  
BAP 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 

NAA 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 
BAP*2,4-D  

BAP 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 

2,4-D 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 
GA3*NAA  

GA3 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 
NAA 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 

BAP*IBA  
BAP 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 

IBA 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 
Kin*NAA  

Kin 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 
NAA 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 

Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Key: BAP= Benzyle amino purine. NAA= Nephthyle Acetic Acid. 2,4-D=2,4- Dichlrophynoxyacetic acid.   
         GA3= Giberellic acid.IBA=Indolebutyric acid.Kin=Kinetin 

 
Sterilization. 

i. Surface sterilized in 90% ethanol for 5 minutes 

ii. Ethanol solution was decanted and the explants 

were rinsed in autoclaved sterile water. 

iii. This was followed by disinfection with 1% 

Mercuric Chloride (HgCl) for 4 minutes. 

iv. Explants were then rinsed 5x in sterile distilled 

water before inoculation on the media. 

Inoculation 
Fresh and healthy leaf primordial explants (16-

150mm) were sterilized and inoculated on a 
Murashige and Skoog (1962) basal media 

supplemented with varying concentrations of 

growth hormones using the procedure of Hamish 

and Sue (1998) and Razdan (2002). Callus was 
induced by transferring a 1cm long piece of 

explants using a sterilized forceps onto a solid 
MS medium. The explants were inoculated 

aseptically in the culture room and were 
maintained at 24 ± 1°C using 14/10 light/dark 

period, under a light intensity of 3000 lux 
provided by cool-white fluorescent lamps and 50 

to 60% relative humidity. The callus formed was 
sub cultured by transferring a small piece to a 

fresh medium until the callus became soft and 
fragile. 

 

Parameters Studied 
The following parameters were studied such as: 

i. Days to callus 
initiation. 

= 
  No of Days to initiation per leaf  

  (Fatimah, 2003)     Total No of calli 
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ii. % Regeneration was calculated 
according to Wiese and Binning (1987) 

i.e. 
n

n
Gr

1
%

−=  

Where Gr = number callus initiation and n = the 
days of incubation. 

iii. Callus vigor was determined based on 
morphological appearance, callus initiation 

and percentage initiation as described by 
Gibson (1980).  A scale of 1 - 5 was used 

where 1 = very high vigor and 5 = very low 

vigor. 
iv. Callus diameter was determined by 

spreading a thread against the length of a 
callus in the test tube after which it was 

placed on a measuring tape to measure its 
height in centimeter (cm). 

Data Analysis  
The data was analyzed using Analysis of Variance 

(ANOVA), SAS (2002) statistical package. Means were 
separated by DMRT value at a 0.5% probability level. 

 
RESULTS 

Leaf primordial consist of Juvenile leaves that has 
higher population of actively dividing cells therefore 

might be responsive to callus initiation. One week 
after inoculation, explants swelled before callus 

initiation commenced from the cut edges. Callus 

appeared yellowish, compact, friable and nodular 

(Plate I a and b). Series of changes occurred after 
callus initiation ranging from metabolic and 

morphological. Callus proliferation occurred after 
callus tissue was sub cultured. (Plate I b)  Callus 

turned greenish after it has been transferred into the 
multiplication media and morphogenesis by way of 

shoot formation also commenced (Plate ii).  Colour, 
friability and quantity of callus obtained from different 

treatments varied. Browning of some calli was also 
observed after subculture. Numerical assessment (1-

5) was used for grading the vigor with 1 being the 
best. 

 Results of Analysis of Variance had indicated that a 
low BAP concentration (0.5 µm/l) and a high 

concentration of NAA (3.0 µm/l) as well as equal 
concentration of BAP (1.0 µm/l) and IBA (1.0 µm/l) 

had the least days to callus initiation. (Fig.1)  
For regeneration percent, equal low concentrations of 

BAP (0.5 µm/l) and NAA (0.5 µm/l) had the highest 

performance (94%). It was followed by 44% each 
using GA3 (1.0 µm/l) and NAA (1.0 µm/l) and low 

concentrations (0.5 µm/l) of BAP and (1.0 µm/l) IBA 
(Fig.2).    

However, no significant difference was observed 
between treatments with respect to vigor (Fig.3) 

Equal low concentrations of BAP (0.5 µm/l) and (0.5 
µm/l) NAA and BAP (1.0 µm/l) combined with IBA 

(1.5 µm/l) had the best size in diameter. (Fig.4). 
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Figure 1. Effects of varying hormone concentration on days to callus initiation 

Key: BN= Benzyle amino purine * Naphthyle Acetic Acid. BIBA= Benzyle amino purine *                     
Indolebutyric acid . B2,4-D= Benzyle aminoPurine *2,4-Dichlrophynoxyacetic acid. GN= Giberellic acid * 

Naphthyle Acetic Acid . 
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 Figure 2. Effects of varying hormone concentration on callus regeneration percent 
Key: BN= Benzyle amino purine * Naphthyle Acetic Acid. BIBA= Benzyle amino purine *                      

Indolebutyric acid . B2,4-D= Benzyle aminoPurine *2,4-Dichlrophynoxyacetic acid. GN= Giberellic acid * 
Naphthyle Acetic Acid . 162 
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Figure 3. Effects of varying hormone concentration on callus vigor. 

Key: BN= Benzyle amino purine * Naphthyle Acetic Acid. BIBA= Benzyle amino purine *                      
Indolebutyric acid . B2,4-D= Benzyle aminoPurine *2,4-Dichlrophynoxyacetic acid. GN= Giberellic acid * 

Naphthyle Acetic Acid . 
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               Figure 4. Effects of varying hormone concentration on callus length. 

Key: BN= Benzyle amino purine * Naphthyle Acetic Acid. BIBA= Benzyle amino purine *, Indolebutyric acid . 

B2,4-D= Benzyle aminoPurine *2,4-Dichlrophynoxyacetic acid.  GN= Giberellic acid * Naphthyle Acetic Acid . 
  

 
 

           
 

     
 

  
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 

       
Plate. I a.Yellowish, friable and compact callus        b. Amplification of callus brings increase 
in diameter. 
 
  

                            

Plate II a.                                                                                  b.                                                             
      Subcultured calli undergoing differentiation marking the beginning of shoot formaton.        
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DISCUSSION 
Callus production is a process of dedifferentiation of 

organized tissue as indicated by changes in 
morphology and metabolic activity. Callus can be 

initiated from explants of almost any part of the 
original plant such as leaves, roots, and stems etc. 

Callus can be induced either by injury or by the 
addition of growth regulators – usually a proper ratio 

of auxin  and cytokinin (Sugimoto et al., 2011). When 
a surface is cut, the cells at the wound site undergo 

division. With the first division being synchronous 
after 4-6 weeks of culture and continuous cell 

division, the explants tissue may have produced 
double its original weight in callus tissue (Hamish and 

Sue 1998; Razdan 2002). After initiation is the 
maintenance or proliferation of the callus material. 

This provides a source of uniform cells for a variety of 
purposes such as regeneration. 

Juvenile leaves contain higher population of actively 

dividing cells therefore more responsive to callus 
initiation. The parent plant must be healthy and 

actively growing therefore, not about to enter period 
of dormancy (Razdan 2002, Hamish and Sue 1998). 

Swelling of the explants was observed one week after 
inoculation. However, callus initiation was observed 

after the second week. Yellowish, compact and 
nodular callus at cut age of the explants may be due 

to the wound caused during the process of cutting 
which resulted in a synchronous cell division. This is 

considered as a process of dedifferentiation of 
organized tissue and  its similar to the work of  

Hamish and Sue (1998). An embryonic callus 
possesses high regenerative capacity compared to 

those derived from mature organs such as leaf, stem 
and root.  

This is true of conifers, cereals etc. The most serious 

draw back in the use of callus cultures for shoot 
multiplication is the genetic instability of their cells 

due to which initial plant regeneration capacity of the 
tissue may decline with passage of time (Razdan 

2002) Manipulation of the media components may 
reverse de-differentiated  process and the tissue re-

differentiated back to an organized form (Hamish and 
Sue 1998) Control of differentiation was found to be 

dependent upon the presence of auxin and cytokinin. 
The physiological state of the tissue provided actively 

dividing cells and has an influence on the plant’s 
response to the tissue culture program (Hamish and 

Sue1998, Brisibe et al.; 2008). 
Muhammad  et al., (2007) reported that Cytokinins 

and Auxins were found  to be effective in callus 
culture of  A  annua. At very low level (0.01m 1-1) GA 

promotes embryogenesis in young barley and an 
optimum callus induction with increase in 2,4-D 

concentration. Callus initiation is probably dependent 
upon genotype, medium and the  explant used 

(Paniego and Giulietti, 1994) and it is accompanied by 
series of changes in both the appearance and 

metabolism of the cells (Hamish and Sue,1998).  
Variations in colour and friability may be gene 

dependent. However, browning of callus after sub 
culture may be due to unstable medium (Razdan 

2002, Hamish and Sue 1998).  
Root and shoot formation from undifferentiated callus 

of tobacco was dependent upon the balance of Auxin 

and cytokinins. However, initiated calli undergo 
differentiation when they were transferred to bright 

light (Brisibe et al 2008).This probably triggers 
chlorophyll formation, hence commencement of 

photosynthesis. This eventually led to organogenesis. 
Differentiation of plant from cultured cells via somatic 

embryogenesis is a fast method of shoot 
multiplication and cloning of plant species (Razdan 

2002;Sugimoto et al., 2011). 
 

CONCLUSION 
Results obtained from this study provides strong 

evidence that 0.5 µm/l BAP and 0.5 µm/l NAA 
combination is an ideal protocol for callus initiation in 

A annua  using leaf primordial explants. It is therefore 
suitable for mass production and multiple shoot 

regeneration.  
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