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The use of in vitro techniques for conserving plant biodiversity and protecting rare and endangered 
multipurpose plant species is considered as one of the most important ex-situ conservation policies. 
Development of an efficient in vitro regeneration protocol of Calligonum comosum is important and that 
has achieved to protect the endangered multipurpose medicinally important desert plant in the Kingdom 
of Bahrain. Nodal segments were used as explants source and the effect of various plant growth 
regulators (PGRs) were studied for responses and to regenerate the whole plants in modified Murashige 
and Skoog (MS) media through direct and indirect organogenesis via callus induction. 50% explants of 
C. comosum responded to initiate shoot in presence of 4.44 µM BAP with 2.68 µM NAA after four weeks 
of culture while 40% shoot initiation response was the highest value in presence of 9.29 µM KI with 5.37 
µM NAA after 4 weeks of culture among the treatments of KI with NAA. The highest callus induction rate 
of 100% was found in media containing 9.29 µM KI and 5.37 µM NAA after four weeks. Multiple initial 
shoots those originated from nodal segments develop calli and showed organogenic differentiation of 
shoots in presence of BAP and IAA. The highest shoot multiplication frequency of 15 was observed 
while the shoots initiated in media contained 4.44 µM BAP with 2.85 µM IAA and were transferred to 8.56 
µM IAA with 2.22 µM BAP. Shoot multiplication and shoot regeneration capacity was compared in 
different media and the highest performance of 234 shoots /explants after second multiplication was 
observed while shoots initiated in presence of 13.3 µM BAP and 5.71 µM IAA. As a precautionary 
approach to conserve the endangered medicinal plant species in the Kingdom of Bahrain, the 
application of in vitro culture is considered as an important alternative method in ex situ conservation 
strategy in the present study. 
 
Key words: Calligonum comosum, endangered plants, ex situ conservation, in situ conservation, 
organogenesis, plant regeneration, tissue culture. 

 
 
INTRODUCTION 
 
The Kingdom of Bahrain is an aggregate of a group of 
scattered islands forming an archipelago lying almost in 
the middle of the Arabian Gulf. The temperature is 

generally high with an average of 35°C, ranging from 14 
to 41°C. The average rainfall is 74 mm/year, varying from 
39   to  128  mm/ year.  Bahrain   was   relatively   rich   in 
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biodiversity with 323 species of flora, those were 
important in relation to environment protection and 
national interest (El-Oqlah and Abbas, 1994). Among 
them, 25% of plants are used as medicinal herb by 
Bahrain and also by others in the Arabian Peninsula or 
neighboring countries (Jameel et al., 2010). The unpre-
cedented socio-economic development in the Kingdom of 
Bahrain has caused part of habitat destruction, 
widespread ecological modification and biodiversity 
degradation. Hence, many plant species has became 
threatened and some have been considered as 
endangered in Bahrain (Al-Eisawi, 2003). Preserving 
global biodiversity is a priority project in strategic 
conservation plan that was designed to engage public 
policy and concerns affecting local, regional and global 
scales of communities, ecosystems and cultures (Gascon 
et al., 2007). In situ and ex situ conservation is applied 
according to the need of preservation process. In situ 
conservation is the most valuable and effective method, 
relies upon the conservation of plants in their living forms, 
particularly in their natural conditions and habitats. 
Considering the importance of conserving  biodiversity, 
Al-Areen Wildlife Reserve in the Kingdom of Bahrain 
established in 1976 (Khanna, 2012). Under certain 
specific conditions, ex situ methods in conservation of 
some endangered plant species using plant tissue culture 
has gained a lot of interest in different aspect (Paunescu, 
2006). The use of in-vitro techniques increase the 
chances of recovery of endangered species and has 
reduced the risk of extinction (Nadeem et al., 2000; 
Anburaj et al., 2011). Similarly, in vitro culture commonly 
known as tissue culture (TC) not only offer the 
possibilities of faster multiplication of clones of 
endangered plant species for conservation of genotypes, 
but also help to preserve some specific cells, tissues, 
organs in a special way for future use (Benson, 2003; 
Khan et al., 2012).  The stimulation of endogenous 
growth substances by the addition of exogenous growth 
regulators to the nutrient media promote cell division, cell 
growth and differentiation of plant organs (Aboel-nil, 
1997). The induction of somatic embryogenesis and 
organogenesis help to develop large number of 
regenerated plants within a short period of time by the  
differentiation of different types of tissues (Tripathi and 
Tripathi, 2003). In vitro plant regeneration via organo-
genic response of explants either direct or indirect way 
through axillary and / adventitious shoot regeneration is a 
well recognized method in obtaining large number of 
plants  (Li et  al.,  2002;  Fatima  et  al., 2009; Saini et al., 
2011).  

Calligonum comosum L. Henry, belongs to the family of 
 

 
 
 
 
Polygonaceae, under the local name “arta” (Muschler, 
1912) and is considered as one of the endangered 
multipurpose desert medicinal plants in the Kingdom of 
Bahrain. It is perennial, small leafless woody shrub, 
strictly psammophil, grows in arid, sandy ecosystem 
which may attain a height of 2 to 3 m. Flowers are small, 
petals are white in color with red anthers during early 
spring (March and April) and young fruits are red spiny 
(soft) capsules (Karim, 2003). The plant is a rich source 
of several secondary metabolites such as flavonoids, 
alkaloids and phenols. It is traditionally used in folk 
medicine to treat rural population from microbial 
infections.  Anthraquinones and terpenoids of Calligonum 
showed high antimicrobial potentiality (Zaki et al., 1984), 
anti-listerial activity (Riadh et al., 2011), anti-inflammatory 
as well as antiulcer activity (Liu et al., 2001). Rapid 
urbanization and industrialization, uncontrolled exploit-
tation factors are correlated with loss of natural genetic 
resources in Bahrain (Al-Eisawi, 2003). The application of 
tissue culture as a biotechnological tool for the production 
of large number of plants within short time period 
particularly in the conservation of threatened medicinally 
important multipurpose plants has gained huge interest in 
the last two decades. In spite of extensive advertisement 
in world-wide research interests on in vitro multiplication 
method to conserve biodiversity as well as to preserve 
endangered medicinally important plants and pharma-
ceutically important compounds, no strategic ways have 
been used in Bahrain. Considering the above points, the 
objective of the present study was to investigate the role 
of plant growth regulators (PGRs) in developing and 
optimizing the protocol of regeneration of endangered 
medicinal plant C. comosum. It is the first approach in 
Bahrain of using in vitro method to propagate 
endangered multipurpose desert plants.  
 
 
MATERIALS AND METHODS 
 
Collection of plant materials  
 
Stem   segments   of   C.  comosum   L.   Henry  (Figure  1A)   were 
collected from plants growing in the southern part of protected 
reserve forest area in Al-Areen Wild Life Park of Kingdom of 
Bahrain (Figure 1B). Stem segments (20 to 30 cm) were collected 
during March to April in 2012 for tissue culture purpose with special 
permission from the Park authority. Collected stem parts were cut 
into pieces, stored at 4ºC in closed plastic bags and were used as 
source of explants for culture initiation after surface sterilization.  
 
 
Surface sterilization of explants 
 
The stem segments were surface sterilized following modified 
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Figure 1.  A. Calligonum comosum L.  Henry   growing in protected reserve forest area in Al-Areen Wild Life Park of Kingdom of 
Bahrain. B. Al-Areen Wildlife Park (Earth, Google, 2013). 

 
 
 
method of Pathak and Hamzah (2008), in running tap water for 5 
min to remove dust particles. Then the stem segments were kept 
for 5 min successively in 1% of lux solution, 0.5% of mercuric 
chloride solution with few drops of tween 20, 0.1% of copral 
solution, while the respective solutions were discarded in each step 
by thorough washing (5 to 6 times) with autoclaved water. Later on, 
50% (v/v) Clorox solution (containing 2.625% hypochlorite) was 
used for 15 min and washed (5 to 6 times) with autoclaved Millipore 
water to remove hypochlorite nicely. Final washing in 70% ethanol 
for 30 s was performed before transfer in autoclaved Millipore water 
until use. The stem segments were sliced into smaller pieces (1.5 to 
2 cm), each containing one node used as explants for culture 
initiation.  
 
 
Culture media and conditions 
 
The media used throughout  culture  were  modified  Murashige and 
Skoog (MS) media (1962) containing 0.3% of casein hydrolysate, 
3% of sucrose, 1 mg/L Nicotinic acid, 1 mg/L Pyridoxine HCl, and 
10 mg/L Thiamine HCl. The pH of the medium was adjusted to 5.8. 
The media were solidified with 0.8 to 0.9% agar and autoclaved at 
121°C, for 20 min at 15 psi. Filter (0.22 µm) sterilized plant growth 
regulators (PGRs) of different combinations and concentrations 
were added in autoclaved modified MS media and poured in 
Magenta vessel (30 ml). The cultures were maintained at 16/8 h 
(light/dark) cycles with cool, white, fluorescent light intensity of 2000 
to 2500 LUX, temperature of 24 ± 2 ºC, 70 to 80% humidity in 
culture room.  

Treatments for shoot and callus induction, shoot multiplication 
and rooting 
 
Nodal segments collected from plants (Figure 1A) were used as 
explants and were cultured in vitro in (1) MS media and MS media 
supplemented (2) 4.44 µM BAP + 2.85 µM IAA; (3) 6.66 µM BAP + 
2.85 µM IAA; (4) 8.88 µM BAP + 5.71 µM IAA; (5) 13.32 µM BAP + 
5.71 µM IAA; (6) 4.44 µM BAP + 2.68 µM NAA; (7) 6.66 µM BAP + 
2.68 µM NAA; (8) 8.88 µM BAP + 5.37 µM NAA; (9) 13.3 µM BAP + 
5.37 µM NAA; (10)  4.65 µM KI + 2.85 µM IAA; (11) 6.97 µM KI + 
2.85 µM IAA; (12)  9.29 µM KI + 5.71 µM IAA; (13) 13.9 µM KI + 
5.71 µM IAA; (14) 4.65 µM KI + 2.68 µM NAA; (15) 6.97 µM KI + 
2.68 µM NAA; (16) 9.29 µM KI + 5.37 µM NAA; (17) 13.9 µM KI + 
5.37 µM NAA. Based on morphological responses, initially 
developed shoots in different media were sub-cultured two times for 
multiplication and regeneration of shoots in modified MS media 
supplemented  with  (4) 8.88 µM  BAP + 5.71 µM IAA; (12)  9.29 µM  
KI + 5.71 µM IAA; (22) 8.88  µM BAP + 1.14 µM IAA; (25) 1% 
charcoal + 4.92 µM IBA; (26) 1% charcoal + 7.4 µM IBA; (27) 1% 
charcoal + 9.84 µM IBA; (28) 0.93 µM KI + 5.71 µM IAA; (29)  2.32 
µM KI + 8.56 µM IAA; (30)  2.85 µM IAA; (32)  0.89 µM BAP + 2.85 
µM IAA; (33) 0.89 µM BAP + 5.71 µM IAA; (34) 2.22 µM BAP + 
8.56 µM IAA; (35) 2.22 µM BAP + 11.2 µM IAA; (36) 4.44 µM BAP 
+ 2.27 µM TZN + 1.14 µM IAA; (37) 8.88 µM BAP + 4.54 µM TZN; 
(41) 3% sorbitol + 0.49 µM IBA.  

Newly formed microshoots measuring 1-2 cm were cultured in 
rooting media (1) MS; (4) 8.88 µM BAP + 5.71 µM IAA; (29) 8.56 
µM IAA + 2.32 µM KI; (31) 2.85 µM IAA in ½ MS. Rooted plantlets 
were taken away from culture  media, washed nicely in autoclaved 
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Figure 2. Effect of different plant growth regulators (PGRs) supplemented to modified MS media for shoot initiation response 
from nodal explants of C. comosum after 2 and 4 weeks of culture. Results are percentage of shoot initiation response. 

 
 
 
distilled water to remove media from their rooting surface. The 
plantlets were transplanted in plastic pots containing autoclaved 
compost soil (1:1 mixture of peat-substrates and potting soil) and 
were kept in transparent small covered chamber to keep moist. The 
plants were acclimatized in room conditions at 25±3°C, 16/8 hs 
photoperiod and watered regularly at 3 days interval. Based on 
morphological responses of explants, percentage of shoot and 
callus initiation response, frequencies, percentage of shoot 
proliferation in first and second transfer, shoot multiplication 
frequency from developed callus and plant regeneration capacity 
per explants were calculated. The shoot initiation frequency was 
measured by calculating the number of shoots initiated/explants. 
Plant regeneration capacity was calculated by counting mean 
number of shoots initiated in each step based on shoot initiation 
frequency of explants multiplied by two cycles of mean proliferation 
frequencies where shoots initiated direct and indirect way of 
organogenic response of calli.  
 
 
Experimental design and statistical analysis  
 
The experiments were carried out by using completely randomized 
design (CRD) with three replications of each experiment and 3 to 5 
explants per replications. Data were analyzed using SPSS (SPSS 
Inc. Version 17.0), statistical package. Means of 3 replicates per 
treatment were compared with control as well as multiple treatment 
groups. Mean comparisons were performed  at P ≤ 0.05 level of 
significance using one way analysis of variance (ANOVA) according 
to Duncan’s multiple range test (DMRT) using JMP (version 9) 
statistical software. 

RESULTS 
 
 
Shoot and callus initiation response  
 
Nodal segments (Figure 6A) were cultured on MS media 
fortified with different concentrations and combinations of 
cytokinins (BAP and KI) and auxins (IAA and NAA) to 
study the initial responses. The nodal explants responded 
by shoot and callus initiation response (Figure 6B and 
6C). The percentage of shoot initiation response was 
scored after two and four weeks of culture (Figure 2).  MS 
medium devoid of PGRs showed no shoot initiation 
response, explants remained fresh for one to two week 
then turned necrotic and died. The highest shoot initiation 
response of 50% was observed in media containing 4.44 
µM BAP with 2.68 µM NAA after 4 weeks of culture 
among the all treatments. While 40% shoot initiation 
response was the highest value in presence of 9.29 µM 
KI with 5.37 µM NAA after 4 weeks of culture among the 
treatments of KI with NAA. Similarly, the highest shoot 
initiation frequencies of 37.5 and 25% were noticed in 
media containing 8.8 µM BAP with 5.71 µM IAA and 6.97 
µM KI with 2.85 µM IAA after 4 weeks of culture 
respectively among  the  treatments of IAA  with BAP and  



 
 
 
 
 
Table 1. Effect of various growth regulators supplemented to 
modified MS media on in vitro shoot initiation response from 
nodal explants of Calligonum comosum (Arta)  after 4 weeks 
of culture.  
 

PGRs combinations Mean calli number 

4.44 µM BAP + 2.68 µM NAA 2.66A 
8.88 µM BAP + 5.37 µM NAA 2.66A 
8.88 µM BAP + 5.71 µM IAA 1.66AB 
13.3 µM BAP + 5.71 µM IAA 1.66AB 
4.44 µM BAP + 2.85 µM IAA 1.33BC 
6.66 µM BAP + 2.85 µM IAA 1.33BC 
6.66 µM BAP + 2.68 µM NAA 1.33BC 
9.29 µM KI    +  5.37 µM NAA 1.33BC 
13.3 µM BAP + 5.37 µM NAA 1CD 

4.65 µM KI    + 2.85 µM IAA 1CD 
6.97 µM KI    + 2.85 µM IAA 1CD 
13.9 µM KI    + 5.71 µM IAA 1CD 
13.9 µM KI    + 5.37 µM NAA 1CD 
9.29 µM KI    + 5.71 µM IAA 0.66DE 
4.65 µM KI    + 2.68 µM NAA 0.33EF 
6.97 µM KI    + 2.68 µM NAA 0G 
 Media without PGRs 0G 

 

Results are means of shoots developed per explant of 3 sets of 
individual experiments. Means followed by the same letter are 
not significantly different at P ≤ 0.05 

 
 
 
KI (Figure 2). The shoot initiation response of 39% was 
observed in presence of 4.44 µM BAP with 2.68 µM NAA 
after two weeks of culture, but after 4 weeks it reached to 
50%. The highest response of shoot initiation of 28.6% 
was observed in media supplemented with 13.3 µM BAP 
and 5.71 µM IAA after two week of culture initiation, while 
in 4 weeks old culture it reached to 37.5 (Figure 2) 
among the treatments of BAP with IAA. Similarly, the 
shoot initiation response increased with time of culture in 
different media which is a common trend as observed in 
all treatments. The effect of KI and NAA were less in 
compare BAP with NAA in shoot initiation response. The 
highest shoot initiation frequency was 2.66 in presence of 
(4.44, 8.88) µM BAP with (2.68, 5.37) µM NAA 
respectively after 4 weeks of culture. Analysis of data 
showed interactive effects of different culture media 
containing different concentrations and combinations of 
PGRs in inducing initial shoots (mean) were statistically 
significantly different at P ≤ 0.05 level (Table 1). The 
induction of adventitious shoot from nodal part and 
induction of callus were observed in all the PGRs 
treatment, presented in Figure 6B and 6C. Analysis of 
variance of shoot initiation response with PGRs showed 
the prominent effect of BAP with NAA and IAA than KI 
with NAA and IAA to induce initial axiliary shoots. Figure 
3 shows the percentage of callus initiation response in 
presence  of  different  concentrations  and  combinations 
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of PGRs as presented in different media after 2 and 4 
weeks of culture. The callus was initiated from the cut 
end of the explants which touched the media. The 
highest callus induction rate of 40 and 100% was found in 
media containing 9.29 µM KI and 5.37 µM NAA after 2 
and 4 weeks of culture of nodal segments respectively 
among all the treatments. The callus was compact, white 
to off white in color. The highest response of callus 
initiation of 60% was found in media supplemented with 
KI (6.97, 13.9 µM) and IAA (2.85, 5.71 µM) after 4 weeks 
of culture among all the treatments of IAA with KI. Under 
similar condition, the same medium constituents showed 
only 20% callus initiation after 2 weeks of culture. Among 
all the treatments of BAP and IAA, the highest callus 
induction response of 87.5% was observed while media 
was supplemented with 8.88 µM BAP and 5.71 µM IAA 
after 2 and 4 weeks. The callus was white in color initially 
but turned brown with time. The highest callus induction 
rate of 50% was observed in presence of 4.44 µM BAP 
and 2.68 µM NAA after 4 weeks, while 42.8% response 
was found in media containing (8.88, 13.3) µM BAP with 
5.37 µM NAA after 2 weeks. The callus was initially 
compact and white in color, later on became friable and 
loose. There was no response for callus in media without 
PGRs after 2 and 4 weeks. The highest callus initiation 
frequency of 7 ± 0.57 was observed on medium 
supplemented with 8.88 µM BAP and 5.71 µM IAA after 4 
weeks (Table 2). Different treatments of PGRs were 
compared in callus initiation response with control and 
multiple treatment groups and their means were 
compared and analyzed by analysis of variance (ANOVA) 
using Duncan’s multiple range test at (P ≤ 0.05) level and 
showed significant differences. Interactive effects of 
culture media on development of mean number of calli 
per explants were statistically significant (P ≤ 0.05) 
presented in Table 2.  
 
 
Shoot multiplication and plant regeneration 
 
Initially, developed shoots from different media were 
transferred in media containing various combinations and 
concentrations of PGRs for first time multiplication. The 
effects of BAP, IAA, NAA, KI, TZN and IBA on first time 
multiplication of initially developed shoots and the 
response of shoot associated callus were presented in 
Table 3. The percentage of proliferated shoot from 
initially developed shoots, callus, shoot multiplication 
frequency with associated callus growth were compared 
in different media. The initially developed shoots were 
transferred in various media and 100% shoot and callus 
proliferation were noticed mostly. The highest shoot 
multiplication frequency of 15 was observed while the 
shoots initiated in media contained 4.44 µM BAP with 
2.85 µM IAA and were transferred to 8.56 µM IAA with 
2.22 µM BAP. The  lowest  shoot multiplication frequency  
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Figure 3. Effect of PGRs supplemented to modified MS media for callus initiation response of C. comosum 
after 2 and 4 weeks of culture. Results are percentage of callus initiation response. 

 
 
 

Table 2. Effect of various growth regulators supplemented 
to modified MS media on in vitro callus initiation response 
from nodal explants of Calligonum comosum (Arta) after 4 
weeks of culture.  
 

PGRs combinations Mean calli number 

8.88 µM BAP + 5.71 µM IAA 7A 
4.44 µM BAP + 2.68 µM NAA 2.66B 
4.44 µM BAP + 2.85 µM IAA 2BC 
13.3 µM BAP + 5.71 µM IAA 2BC 
8.88 µM BAP  + 5.37 µM NAA 2BC 
6.97 µM KI     + 2.85 µM IAA 2BC 
6.66 µM BAP  + 2.85 µM IAA 1.66BCD 
4.65 µM KI     + 2.85 µM IAA 1.66BCD 
9.29 µM KI     + 5.37 µM NAA 1.66BCD 
13.3 µM BAP  + 5.37 µM NAA 1.33CDE 
9.29 µM KI     + 5.71 µM IAA 1DE 
6.97 µM KI     + 2.68 µM NAA 1DE 
13.9 µM KI     + 5.37 µM NAA 0.66EF 
13.9 µM KI     + 5.71 µM IAA 0.33FG 
4.65 µM KI     + 2.68 µM NAA 0.33FG 
6.66 µM BAP  + 2.68 µM NAA 0G 
Media without PGRs 0G 
 

Results are means of calli developed per explant of 3 sets of 
individual experiments. Means followed by the same letter are 
not significantly different at P ≤ 0.05. 

 
 
 

of 1 was observed while shoot initiated in presence of 
13.94 µM KI with 5.71 µM IAA and 9.29 µM KI with 5.71 
µM IAA, and were transferred to media containing 11.22 
µM IAA with 2.22 µM BAP and 4.44 µM BAP, 2.27 µM 
TZN with 1.14 µM IAA. Shoot multiplication frequencies 
after first and second time proliferation were compared 
and the maximum shoot multiplication was observed in 

shoot initially developed in media containing 13.32 µM 
BAP with 5.71 µM IAA (Figure 4). The initially developed 
shoots in media 2, 4, 5 after transfer to different media (4, 
12, 32, 33, 34, 35) developed callus which showed 
organogenic response efficiently by differentiating a large 
number of shoots.  The callus showed differentiation of 
shoots were granular, compact, white to green in color 
(Figure 6D) but became brown to red in color, more 
compact, nodular and more embryogenic nature in 
subsequent culture (Figure 6E). The initially developed 
callus from explants being compact in nature did not 
differentiated into shoots in different media after (data not 
shown), but the calli developed after transfer of the newly 
differentiated shoots, were more compact and nodular, 
embryogenic nature and finally differentiation into large 
number of shoots (Figure 6F, G, H). Clustered shoots 
were separated and sub-cultured in the same media for 
multiplication. The highest shoot regeneration capacity of 
234 shoot/explants were observed while initial shoots 
developed in media 5, were transferred to media 4 and 
41 subsequently for shoot differentiation and 
multiplication (Figure 5). The callus developed from newly 
developed shoots in different media showed 
multiplication of shoots and differentiation of calli into new 
shoots too (Figure 6F, G, H). The highly defined 
organogenic response of calli in second multiplication 
cycle was noticed (Figure 6I, J). Multiplied shoots were 
isolated and further cultured in different rooting media 
(Figure 6K, L, M) and regenerated plants (Figure 6N) 
were transferred to soil (Figure 6O).  
 
 
DISCUSSION 
 
In  the  present  study,  both  callus  initiation  and  shoot 
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Table 3. Effect of various growth regulators on first time multiplication of C. comosum shoots those were initiated on modified MS 
medium supplemented with different concentration and combination of PGRs.  
 

Media % of proliferated shoot % of proliferated callus (mean) Shoot multiplication frequency Callus growth 

2   12 50 100 2.5 + + 
2   32 50 75 4 + + 
2   34 100 100 15 + + 
4   32 100 100 10 + + 
4   33 75 100 8.12 + + 
4   34 66.6 100 5 + 
5   4 50 100 7.5 + + 
5   32 100 100 8.5 + 
5   35 100 100 12.5 + 
7    22 100 100 10 + + 
7    25 100 100 4 + + 
11  22 100 100 10 + + 
11  36 100 100 2 + + 
13  35 100 100 1 + 
13  37 100 100 5 + + 
14  36 100 100 2 + + 
14  37 100 100 2 + 
15  22 100 100 2 + + 
15  26 100 100 10 + 
16  36 100 100 1 + + 
16  26 100 100 3 + 
17  37 100 100 2 + + 
17  27 100 100 3 + + 

 

Results are percentage of proliferated shoots, calli, shoot multiplication frequency and callus growth data of three sets of individual 
experiments. 

 
 
 
initiation response varied in MS medium supplemented 
with different PGRs. It was evident from this study that 
the optimum concentration of BAP with NAA was very 
effective in shoot initiation. Analysis of variance of shoot 
initiation response with PGRs showed the prominent 
effect of BAP with NAA and IAA than KI with NAA and 
IAA to induce initial axillary shoots. Similar effect of BAP 
with NAA for shoot induction was reported earlier in 
Bermuda grass (Jain et al., 2005), Vigna unguiculata 
(Muhammad et al., 2008), Pteris vittata (Shukla and 
Khare, 2012). Tripepi (1997) reported that various 
concentrations of BAP help to induce larger number of 
adventitious shoot than other PGRs in micropropagation 
of several ornamental plants. Similarly, in several studies 
BAP was more effective for axillary shoot initiation from 
nodal segments of Melia azedarach (Sen et al., 2010) 
and Bacapa monneiri (Gurnani et al., 2012). While Nodal 
segments of Melissa officinalis L. showed in vitro plantlet 
development in presence of different concentration of 
BAP with IAA (Mohebalipour et al., 2012). He also 
reported that genotypes and culture media differentially 
responded in organ differentiation and plant regeneration. 

PGRs concentrations and combinations particularly BAP 
with NAA and IAA both play important role in shoot 
initiation response in different degrees. The comparative 
effect of different PGRs in stimulating shoot multiplication 
response showed more effectiveness of BAP with NAA 
than BAP with IAA and it is the fact that total hormonal 
response has been gathered from initial culture to 
subsequent cultures. The ratio of auxin and cytokinin 1: 
2-1:3 was more effective in organogenic response and 
adventitious shoot induction was reported in several 
studies (Makunga and Staden, 2008; Sen et al., 2009).  

The highest response of callus initiation of 60% was 
found in media supplemented with KI (6.97, 13.9 µM) and 
IAA (2.85, 5.71 µM) after 4 weeks of culture. The callus 
developed around the cut surface of explants were sub-
cultured in MS media supplemented with different 
concentration and combinations of BAP, KI, IAA and NAA 
but there was no organogenic response of calli either root 
or shoot initiation except its own growth. Initially, white to 
off-white, light yellow, less compact callus developed. 
Different treatments of PGRs showed significant 
differences   in  callus  induction  frequencies  in  different  
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Figure 4. Effect of PGRs on shoot multiplication frequencies of C. comosum after 1st 
and 2nd transfer. 

 
 
 

 
 

Figure 5. Effect of PGRs in shoot regeneration capacity of C. comosum after 
2nd transfer. 

 
 
 
media but the nature of the initially developed calli were 
nonembryogenic in all the media. In general, the nature 
of callus mass was loose, friable and watery in 
appearance, but with gradual exposure to BAP with IAA 
in two successive transfers developed compact, hard and 
more organized calli mass. Moreover, with increased time 
of culture,  calli  mass changed its nature, which was 
explained by Skoog and Miller (1957). They proposed 
that the type and the concentration of hormone present in 
medium directly affect the nature, color and biochemical 

composition of callus. Callus with slow growth rate, friable 
and watery in appearance has been considered non 
embryogenic and less regenerative potential (Moris and 
De-Macan, 1994), this was observed in our experiments 
also.  

Newly differentaiated axillary shoots that developed in 
presence of 4.4 µM BAP with 2.85 µM IAA, 8.88 µM BAP 
with 5.71 µM IAA, 13.32 µM BAP with 5.71 µM IAA 
showed good shoot regeneration capacity during 
subculture in media containing 8.56 µM IAA  with 2.22 µM  
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Figure 6. Stages of organogenic response of C. comosum in plant regeneration from nodal segments.  A. Explants were collected from 
plants growing in Al Areen Wildlife Park in the Kingdom of Bahrain. B, C. Stem segments with nodal part in culture media showing 
shoot and callus initiation response. D, E. Callus of C.comosm which showed differentiation of shoots. F, G, H.  Initial shoots showing 
multiplication of shoots in large number after first transfer in different media. I, J. Multiplied shoots were transferred to in different media 
for proliferation in different media. K, L, M. Proliferated shoot were transferred to rooting media. N. Micro-shoots showing initial root 
development. O.  Plantlets growing in soil pots.   

 
 
 
BAP, 2.85 µM IAA with 0.89 µM BAP, 11.22 µM IAA with 
2.22 µM BAP, respectively. During this subculture of 
shoot, calli developed around the new shoot showed 
differentiation and large number of shoots developed by 
indirect embryogenesis from calli. The interacting effect 
of BAP with IAA was more prominent in differentiation of 
shoot as well as shoot regeneration from calli we 
observed here. Similar effect of BAP and IAA on shoot 
regeneration was observed in melon genotypes (Melara 
and Arias, 2009), and peanut (Iqbal et al., 2011). BAP 
and IAA are effective to increase the regeneration 
potential of peanut calli (Iqbal et al., 2011). The highest 
shoot regeneration capacity of 234 shoots per explant 

was observed, while shoots were initiated in presence of 
BAP with IAA, and was subsequently cultured in media 
containing the same hormones but different 
concentrations. The synergistic effect of BAP and IAA is 
more compare to other PGRs in regenerating large 
number of shoots in this plant. According to Coenen and 
Lomax (1997), auxins are known to exhibit synergistic, 
antagonistic and additive interactions with cytokinins at 
multiple levels depending on the plant species and tissue 
types in regulating responses. Similarly, Mohebalipour et 
al. (2012) observed that addition of BAP and IAA to MS 
medium is more effective than other hormones which 
significantly increased the number of shoot induction per  
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explants in most of the genotypes of M. officinalis L. The 
plant regeneration capacity of 2000 to 3000 plants from 
one shoot after long subculture of Salvia africana-lutea L. 
was reported (Makunga and Staden, 2008) where BA 
and IAA  were used for subcultures. Plant regeneration 
ability in the culture medium is usually enhanced by the 
addition of auxins and cytokinins which is very common 
(Varshney et al., 1996; Fatima et al., 2009). Similarly, the 
effect of BAP as the most reliable, useful PGR for shoot 
proliferation, for breaking dormancy in several medicinal 
plant species were also reported (Tavares et al., 1996; 
Meszaros et al., 1999; Da Silva et al., 2005; Ghiorghita et 
al., 2005). The well developed regenerated shoots of C. 
comosum were transferred for rapid multiplication as well 
as for root development and finally rooted plants were 
transferred in soil. The current studies highlighted 
differential response of auxin and cytokinin on direct and 
indirect shoot regeneration of desert shrub. The success 
of this protocol offers a high efficient method for 
micropropagation of C. comosum which would be 
beneficial for the plant tissue culturist, pharmaceutical 
and nursery industries where regular supply of plants is 
important part. Moreover, protocol will be helpful in 
further research in biodiversity conservation of desert 
plants in this Arab region. 
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