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Abstract. In order to optimize a reliable method for plantlet regeneration from mature tissues of Thomson Navel citrus (Citrus 
sinensis Osbeck. Cv. Thomson), four basal media, different explants and cutting modes were assessed. Furthermore a wide range of 
phytohormones were studied comprehensively for optimum shoot induction, elongation and rooting of the shoots. Results showed 
that while MS and MT (Murashige and Tucker) basal media were statistically similar, they were superior to WPM (woody plant 
medium) and B5 media in terms of response promptness and shooting efficiency. The two cut modes were not significantly different 
and internodal segments, cut either longitudinally or transversely, produced more adventitious shoots (average of 2 and 2.1 shoots 
per explant) compared to shoot tip explants (1.1). The highest explant response was observed in media supplemented with 3 mg L-1 
BA and 0.1 or 0.5 mg L-1 NAA (72 % responsive explants) but the highest shooting efficiency, with an average of 3.2 shoots per 
explant, was achieved when 1 mg L-1 BA and 0.1 mg L-1 NAA were applied. Results also revealed that the best elongation records 
were established in media fortified with 0.5 mg L-1 BA and 0.1 mg L-1 GA3. To the best of our knowledge, this is the first report on in 
vitro plant regeneration from mature tissues of grove-grown citrus. The findings of this study could be used for micropropagation of 
healthy seedlings without a juvenile phase accelerating fruiting of citrus groves. 
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Introduction 
 
Citrus is one of the world`s major fruit crops and global con-
sumption of citrus fruits has increased constantly through 
the time. It is estimated that a total area of 18.7 acres are de-
voted to citrus culture, and Iran, with over than 750,000 
acres of citrus groves, is considered as 8th major citrus pro-
ducer in the world (FAO 2012). 

Citrus culture is one of the most important agricultural 
activities in the northern state of Mazandaran, in which 45% 
of the country`s citrus fruits are produced. Oranges are the 
most widely grown type of citrus fruit in Mazandaran, and 
in recent years there has been a growing interest for substi-
tution of local sweet oranges with Thomson navel. 

The seedling choice is a critical factor for the establish-
ment of new citrus groves and can guarantee the grove’s 
health and productivity. Of the various seedling supply 
sources, micropropagation methods have gained much at-
tention recently due to their ability in producing healthy, 
uniform, true to type and authentic seedlings (George et al. 
2008). Likewise, parallel to conventional breeding methods, 
genetic transformation has been shown to be a powerful 
strategy for cultivar improvement while maintaining its in-
tegrity by adding a single new trait (khan et al. 2009).  

Availability of an efficient in vitro plantlet regeneration 
protocol is crucial for a successful micropropagation or ge-
netic transformation procedure. During the last decades, it 
has become possible to regenerate whole plantlets from a 
wide range of citrus explants, among which epicotyls and in-
ternodal segments have been proved to be more satisfying 
(Perez-Tornero et al. 2010, Tallon et al. 2013).  

Juvenile phase tissues derived from in vitro germinated 
seeds are the ordinarily explants used for in vitro propaga-
tion of citrus. The plantlets derived from these explants ex-
hibit juvenile traits and require several years of maturation 
before they can be evaluated for horticultural and commer-
cial traits (Curtis & Mirkov 2012). On the other hand, be-
cause of the difficulty in obtaining seeds from seedless citrus 

cultivars e.g. navel sweet oranges, availability of a protocol 
for plantlet regeneration from mature explants would be of 
great value. The plants without juvenile characteristics 
would be ready for filed screening in a shorter period of 
time, thus allowing for a more rapid selection process 
(Cervera et al. 1998, Kobayashi et al. 2003). 

Although mature explants have been used for micro-
propagation in some cases, the high level of contamination, 
low morphogenetic capacity and the poor rooting of the 
shoots largely impeded their wide application (Bond & 
Roose 1998, Almeida et al. 2003, Curtis & Mirkov 2012). To 
date, the efficiency of shoot induction from citrus mature tis-
sues remains relatively low compared to juvenile material 
and little is known about the effects of cultivars, explants 
type, growth regulators and basal media on in vitro culture 
of citrus mature tissues (Marutani-Hert et al. 2012, Tallon et 
al. 2013).  

The first successful regeneration of complete citrus plant-
lets from mature internodal stem segments was reported in 
using sweet orange cv. Pineapple (Cervera et al. 1998). Af-
terwards, other investigators reported shoot induction from 
citrus mature tissues especially in sweet orange cultivars 
(Bond & Roose 1998, Almeida et al. 2003, Kobayashi et al. 
2003, Curtis & Mirkov 2012). Such an extensive amount of 
research on sweet orange micropropagation using mature 
tissues maybe attributed to their high commercial value. De-
spite the narrow genetic base of sweet oranges, it has been 
proven that the basal media components, hormonal re-
quirements and explant sources can greatly influence the 
shoot induction efficiencies, making it necessary to deter-
mine these parameters precisely for each cultivar (Bordon et 
al. 2000, Rodriguez et al. 2008). 

Most of the previous studies used nursery grown plants 
for explant preparation (Kobayashi et al. 2003, Marutani-
Hert et al. 2012, Tallon et al. 2013) while Cervera et al. (2008) 
grafted adult buds onto juvenile rootstocks and used the re-
sulting shoots as explant source.  

To the best of our knowledge, there is no report on plant  
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regeneration from mature tissues of grove-grown citrus 
trees. The objective of this study was to evaluate the possibil-
ity of in vitro plant regeneration from mature tissues of 
grove-grown Thomson navel trees. Influence of different fac-
tors i.e. basal media, explant type and hormonal combina-
tions were comprehensively investigated and a reliable, re-
producible protocol for in vitro plant regeneration from 
Thomson navel mature explants has been established. The 
findings of this study would have an important impact on 
producing shoots without a juvenile phase, accelerating the 
subsequent evaluation of the regenerated plantlets. 

 
 

Materials and Methods 
 

Plant material and explant preparation 
Newly developed young shoots were collected from Thomson navel 
sweet orange (Citrus sinensis (L.) Osbeck) trees from citrus groves in 
Mazandaran province, Iran. After removing the leaves, shoots were 
washed thoroughly under running tap water and nodal segments 
and shoot tips were cut (approximately one cm in length). The ex-
plants were then surface sterilized with 70% ethanol for 30 to 45 sec-
onds, then rinsed with 0.1 % solution of mercuric chloride for 5 min-
utes and rinsed with distilled water twice. A final step of 8 minute 
disinfection with 1% sodium hypochlorite solution containing 0.05 % 
Tween-20 was performed, and the explants were blotted on sterile 
filter paper after rinsing 5 times with sterilized distilled water. Af-
terwards, Internodal segments were cut either longitudinal radially 
or transversely and placed horizontally on shoot induction media.  

 
Adventitious shoot induction  
The sterilized explants were cultured on 4 different basal media: MS 
(Murashige & Skoog 1962), MT (Murashige & Tucker, 1969), B5 
(Gamborg et al. 1968) and WPM (Lloyd & McCown, 1980) supple-
mented with different (0, 0.5, 1, 2, 3 and 4 mg L-1) concentrations of 
6-benzyladenine (BA) or Kinetin (6-furfuryl aminopurine) and 5 con-
centrations (0, 0.1, 0.5, 1 and 2 mg L-1) of α-naphthaleneacetic acid 
(NAA) or Indole-3-butyric acid (IBA). The cultured explants were 
kept under controlled environment with 2500 lux light intensity at 
temperature of 25±2 o C and 16 hours photoperiod and were subcul-
tured into fresh medium at 4 weeks intervals. The emergence of new 
buds and number of adventitious shoots were recorded every 2 
weeks using a stereomicroscope. When the adventitious shoots were 
grown to approximately 0.5 cm, they were separated individually 
and were cultured on elongation media for further development. 

 
Shoot elongation  
The shoots from the most appropriate media were dissected from 
primary explants and subcultured for further growth in shoot elon-
gation media. Based on the results of preliminary experiments, shoot 
elongation media contained MT basal media with 30 gr L-1 sucrose 
and BA as cytokinin source at two concentrations (0.2 and 0.5 mg L-1) 
along with four concentrations of  gibberellic acid (GA3) (0, 0.1, 0.2 
and 0.5 mg L-1). Shoots were cultured and maintained at the same 
growth conditions mentioned for shoot induction, and were subcul-
tured to rooting media after four weeks.  

 
Rooting 
Approximately one month later, elongated shoots were transferred 
to full and half strength of MS basal salts fortified with B5 vitamins 
supplemented with five different concentrations (0, 0.2, 0.5, 1 and 2 
mg L-1) of each of IBA or NAA auxins for rooting. Irrespective of 
rooting initiation time, all the shoots were kept on rooting media for 
eight weeks and the rooting response of shoots was examined 
weekly. 

 
Acclimatization 
The rooted plantlets were transferred to pots containing peat moss  

and perlite with a ratio of 2:1, covered with transparent plastic cov-
ers and incubated under high humidity at 25°C with 16 hours of 
light per day.  

 
Experiment design and Data analysis 
All studies were performed as factorial experiments in a completely 
randomized design with five replications (glass jars) per treatment 
and four explants per replication. Data of each experiment were sub-
jected to analysis of variance (ANOVA) by the General Linear Mod-
els procedure using SAS 9.1 software (SAS Institute Inc., Cary, NC, 
USA). Means were compared using the Least Significant Difference 
(LSD) method at P≤ 0.05. 

 
 

Results and Discussion 
 

Effect of basal media on shoot induction 
After two weeks most of the explants showed swelling at the 
cut surface, from which adventitious shoots developed. The 
fastest responses were recorded on explants cultured on MS 
or MT media and shoots were developed from primary buds 
approximately 4 weeks after culture (Fig. 1). The explants 
cultured on WPM and B5 media responded later, especially 
WPM medium seemed to be the least efficient medium in 
terms of response time. Similarly Marutani-Hert et al. (2012) 
reported that for in vitro shoot induction from mature inter-
nodal explants of sweet orange, grapefruit, citron and 
citrange, MS media is more efficient in comparison with 
WPM. Morphogenesis potential (based on response rates of 
three explant types) of MS and MT media were not signifi-
cantly different, while it was significantly lower in WPM and 
B5 (Table 1). The least explant response was achieved in 
WPM media, which has previously been reported for citrus 
intermodal explants (Kobayashi et al. 2003) and shoot tips 
(Cervera et al. 2008) as explant sources. 
 

 
 

Figure 1. Effects of different basal media and explant type on in 
vitro adventitious buds (shoots) emergence promptness and 

shoots on various mature explants of Thomson navel in vitro. 
 
 

On the other hand, the shoot tip explants produced the 
lowest number of shoots per explant, regardless of the basal 
media and hormones, with approximately one shoot per ex-
plant on responsive explants (Table 1).  

Kobayashi et al. (2003) reported that the buds induced in 
a MS medium were very small lacking the ability to develop 
to shoots. They observed that the buds from WPM medium 
were larger than the ones produced in MS media, irrespec-
tive of the hormonal content and suggested this may be due 
to lower concentration of nitrogen and potassium in WPM  
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Table 1. Effect of various basal media on explant response and shoot induction frequency  
of different Thomson navel mature explants. 

 

Percentage of responsive explants Mean No. of shoots per explant 
Media 

Internodal Internodal (LC) Shoot tip Internodal Internodal (LC) Shoot tip 
MS 58ab 64a 50a 2.4a 2.2a 1.2a 
MT 62a 62a 48a 2.5a 2.2a 1.0b 

WPM 48c 44c 36b 1.9b 1.8b 1.2a 
B5 52b 54b 48a 1.6c 1.9b 1.0b 

Mean 55 56 45.5 2.1 2.0 1.1 
 

* Each experiment consisted five replication. Standard deviation values have been omitted for the sake of simplicity. 
Mean values in each column followed by the same letter are not statistically significant (P < 0.05). 

 
 

 
 

Figure 2. Effect of different hormonal combinations; A. BA/IBA, B. BA/NAA, C. Kin/IBA and D. Kin/NAA on frequency  
of adventitious shoots produced on mature internodal explants of Thomson navel cultured on MT media. 

 
 

medium compared to MS medium. In a recent similar study, 
Tallon et al. (2013) reported that in Citrus macrophylla, the 
highest shoot induction was achieved in Driver and Kuni-
yuki walnut (DKW) medium, while there was no significant 
differences between MS, WPM and DKW in terms of shoot-
ing frequency in C. aurantium. 

 
Effect of hormonal combinations on shoot induction 
Adventitious shoot regeneration via direct and indirect or-
ganogenesis was obtained on the surface of the cut zone 
from different explants of Thomson navel citrus. The highest 
percentage of responsive explants (swelled) were observed 
on MT media containing 3 mg L-1 BA and 0.1 or 0.5 mg L-1 
NAA (72% responsive explants), but most of them failed to 
produce shoots from the emerged buds. 

The highest number of shoots successfully developed 
from buds were obtained on MT media supplemented with 
1 mg L-1 BA and 0.1 mg L-1 NAA, with a mean of 3.2 shoots 
per explant (Fig. 2). A comparison between the BA and Ki-

netin revealed that BA was generally more capable in induc-
ing normal shoots from different explants (Fig. 2). Further-
more, at high concentrations of BA or Kinetin, mean shoot 
length was drastically decreased and a mass of green hard 
callus emerged at the cut surfaces. The detrimental effect of 
high concentrations of BA has been previously demonstrated 
for other citrus genotypes including Troyer citrange, 
Clementine mandarin and sour orange (Molina et al. 2007, 
Cervera et al. 2008, Tallon et al. 2013). 

However, when compared with BA, higher concentra-
tions of Kinetin showed more intense negative effects and 
the leaves of the regenerated shoots turned pale green. Our 
results are consistent with those of Khan et al. (2009) and 
Tallon et al. (2013) who reported the negative effects of Ki-
netin on shoot regenerations in sweet and sour orange, re-
spectively. On the other hand, our results are in contrast 
with those of Roussos et al. (2011) who reported that adding 
Kinetin to shooting medium enhanced adventitious shoot 
development. Several aberrant reports on effects of higher 
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concentrations of cytokinins in citrus tissue culture have 
been published previously (Ghorbel et al. 1998, Moreira-Dias 
et al. 2000, Almeida et al. 2003, Molina et al. 2007, Cervera et 
al. 2008, Tavano et al. 2009). 

BA is considered to be the best cytokinin for direct shoot 
regeneration in citrus, hence being the mostly used phyto-
hormones in  shoot induction experiments in citrus (Bordón 
et al. 2000, Costa et al. 2004, Germana et al. 2008, Tallon et al. 
2013). In our investigation at any given cytokinin concentra-
tion BA was superior to Kinetin considering both shooting 
efficiency (Fig. 2) and normal shoot morphology. It has been 
previously reported that for shoot induction from Troyer 
citrange epicotyl explants, BA was more efficient when 
compared to Kinetin. Furthermore, with an increase in BA 
concentration from 0.5 to 5 mg L-1 chlorophyl synthesis and 
leaf expansion was increased while shoot length decreased 
(Molina et al. 2007). 

Addition of low concentrations of NAA or IBA to shoot 
induction media enhanced shooting rate and the best results 
were recorded for 0.1 and 0.5 mg L-1 in combination with Ki-
netin and BA cytokinins (Fig. 2). As it can be realized from 
Figure 2, at concentrations higher than 1 mg L-1, the shooting 
efficiency has been decreased, with the higher adverse effect 
exerted by high concentration of NAA compared to IBA. 
However, it should be noted that when Kinetin was used as 
cytokinin, higher auxin levels showed lower negative effects 
(Fig. 2). 

These findings are in contrast with those of Tallon et al. 
(2013) in which they reported the highest regeneration fre-
quency of C. macrophylla and C. aurantium explants in media 
supplemented solely with BA, and that any addition of Ki-
netin or NAA decreased shoot regeneration efficiency. Rod-
riguez et al. (2008) reported that for pineapple sweet oranges 
the highest shoot induction occurs at a medium with 3 mg L-

1 BA deprived of auxins, while low regeneration efficiency 
was observed for Navelina, at the same medium. On the 
other hand, addition of 0.5 mg L-1 NAA to the regeneration 
medium enhanced shoot regeneration in Navelina, while the 
same treatment reduced the shooting efficiency in pineapple 
sweet orange.  

It has been previously reported that, differently from 
most juvenile explants, explants from mature citrus plants 
require balanced combinations of both BA and NAA in the 
culture media for maximum shoot regeneration (Almeida et 
al. 2003, Rodriguez et al. 2008). There are several conflicting 
results on optimum concentration of phytohormones re-
quired for adventitious shoot induction in citrus. For exam-
ple, Kobayashi et al. (2003) observed the maximum adventi-
tious shoot induction in a media supplemented with 0.4 mg 
L-1 BA, while Kotsias & Roussos (2001) obtained the highest 
shoot number in a medium fortified with 2 mg L-1 BA and 
0.2 mg L-1 ABA. 

The highest regeneration values were achieved in media 
containing 1 mg l-1 of cytokinins (Kinetin or BA) regardless 
of the auxin type and concentration in the media. When cy-
tokinin concentration was increased over 3 mg L-1, shooting 
efficiency was severely diminished (Fig. 2). 

In our study, when analyzing combination of cytokinins 
and auxins in shooting media, for both Kinetin and BA the 
best results were obtained at 1 mg L-1 regardless of the auxin 
type and concentration. For both cytokinins. 

Role of explant type and cut mode in shoot induction 
In preliminary experiments mature leaf disc explants were 
also assessed, which were mostly necrosed a few days after 
culture and failed to produce adventitious shoots, hence 
were omitted from experiments. However, in a study Khan 
et al. (2009) reported successful regeneration of adventitious 
shoots from fully developed leaves form in vitro grown 
sweet orange seedling.  

Among explants, intermodal segments with longitudinal 
cut (ILC) and intermodal segments with transverse cut (ITC) 
exhibited higher percentages of shoot response of 56 and 55, 
respectively, while shoot tips with a response percentage of 
45.5 were significantly different (Table 1).  Correspondingly, 
ILC and ITC explants showed a significant difference with 
shoot tips regarding shoots number per explant values. ILC 
and ITC produced a mean of 2.0 and 2.1 shoots per explant, 
while the mean shoots produced on each shoot tip explant 
was as low as 1.1.  These results are in accordance with those 
of Tallon et al. (2013), reporting  the best shoot regeneration 
results for C. macrophylla were obtained when nodal explants 
from mature shoots were used as explants.  

It has been suggested that cutting promotes the transfer 
of endogenous hormones to the wounded area, enhancing 
the morphogenesis ability of the cells (Park & Son 1988). But 
our study revealed no advantages for any cutting mode for 
in vitro regeneration of shoots from internodal explants of 
Thomson navel sweet orange. The results of the present 
study indicated that there are no differences between ILC 
and ITC in terms of explant response and developed shoots 
per explant (Table 1). Moreover, they were statistically simi-
lar considering the response promptness (Fig. 1).  

The shoots produced from Shoot tips or internodal seg-
ments (both ITC and ILC) were morphologically different at 
the initiation stage. The shoots from internodal segments 
were green and thicker, while shoots derived from shoot tips 
were pale green and somehow etiolated with some callusing 
at the base (Fig. 3). These morphological variations reduced 
when the shoots grew further. 

 

 
 

Figure 3.  Influence of different concentrations of NAA  
and IBA on rooting response of in vitro developed  

Thomson navel adventitious shoots. 
 
 

Elongation of the adventitious shoots 
Not all the produced buds developed to real shoots and 
most of them were arrested at the bud phase along with 
some callusing. These observations were also reported by 
other groups, previously (Almeida et al. 2003, Kobayashi et 
al. 2003). They suggested that the small size of the regener-
ated buds may be the reason of this problem. 
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Table 2. Influence of different hormonal combinations on shoot elongation from adventitious shoots of C. sinensis var.  
Thomson and their morphologic changes. 

 

BA (mg L-1) GA3 (mg L-1) Elongation rate (%) Shoot and leaf color Leaf abscission Secondary shoot emergence 
0 20d Dark Green - + 

0.1 36b Green - - 
0.2 40b Pale Green + - 

0.2 

0.5 24cd Yellowish green + - 
0 28c Dark Green - + 

0.1 42ab Green - + 
0.2 48a Green + - 

0.5 

0.5 36b Pale green + - 
 

* Each experiment consisted of five replicates and the data were represented as mean (the S.E values were omitted to avoid intricacy).  
Values in each column followed by the same letter are not statistically different (P < 0.05). 

 
 

The highest increase in shoot length was achieved in 
elongation media containing 0.2 mg L-1 GA3 and 0.5 mg L-1 
BA with an average growth of 48%. However some leaf ab-
scission were observed on the shoots produced in this me-
dia. When both elongation rate and shoot vigor and health 
were taken into account, the media supplemented with 0.1 
mg L-1 GA3 and 0.5 mg L-1 BA resulted both a high elonga-
tion are (42%) and healthy dark green shot leaves (Table 2). 
Kotsias and Roussos (2001) reported that a combination of 
0.5 mg L-1 GA3 with 2 mg L-1 BA and 3 mg L-1 AgNO3, en-
hanced elongation of lemon adventitious shoots. On the 
other hand, BA concentrations over 2 mg L-1 repressed elon-
gation of the regenerated shoots. 

While on media containing 0.2 mg L-1 BA and 0.5 mg L-1 
GA3 the developed leaves were yellowish with some abscis-
sion, in media without GA3 or with low concentration of 
GA3 (0 and 0.1 mg L-1) multiple secondary shoots were pro-
duced on the main shoot, indicating repressive effect of GA3 
on shoot induction (Table 2). 

 
Rooting of the elongated shoots 
After further elongation of the adventitious shoots, they 
were transferred to rooting media. Roots emerged 2-3 weeks 
after transfer and developed rapidly.  The results revealed 
that irrespective of auxin concentration, rooting efficiency 
was higher when NAA was used, while Kotsias & Roussos 
(2001) reported a higher rooting percentage when IBA was 
used instead of NAA. They reported that the maximum root-
ing percentage (48%) was achieved with increasing the auxin 
concentration up to 4 mg L-1. 

In preliminary rooting experiments, it was revealed that 
rooting percentage was somehow influenced by the cyto-
kinin concentration of the preceding bud induction medium, 
with the highest effects observed for Kin rather than BA, in-
dependently of the auxin concentration in rooting media 
(Data not shown).  The highest rooting rates of 76 and 72 % 
were recorded for media supplemented with 0.5 or 1 mg L-1 
NAA, respectively. In all auxin concentrations (except for 2 
mg L-1) NAA exhibited a higher rooting efficiency compared 
to IBA (Fig. 4) which  may be ascribed to the stronger auxin 
activity of NAA.  

Despite the high rooting percentage obtained in higher 
concentrations of auxins, the rooted plant showed a weak 
growth after transferring to soil, compared to plants rooted 
in hormone-free or low-concentration auxin media. These 
findings are in accordance with the results of an investiga- 

 

 
 

Figure 4. A, Shoot induction of transversely cut intermodal 
segments of navel Thomson citrus. B, Adventitious shoot 

induction from shoot tip explants of navel Thomson citrus. 
 
 

tion conducted by Ghorbel et al. (1998), while other re-
searchers reported no negative effect of high concentrations 
of auxin in rooting media (Goh et al. 1995). Hiregoudar et al. 
(2005) compared efficiency of NAA, IBA and IAA for root 
induction in Feronia limonia and reported the highest rooting 
ability for NAA, while IBA caused callusing at the shoot 
base and IAA showed a low rooting rate. 

 
 

Conclusion 
 
In this study the of effects of basal media, explant type and 
phytohormones on in vitro plant regeneration from Thomson 
navel orange mature explants were comprehensively inves-
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tigated. The results revealed that basal media composition, 
explant type and hormonal concentrations can significantly 
affect the in vitro organogenesis efficiency in Thomson navel 
citrus. According to the results of the present research, the 
average of shoots per explant presented is relatively lower 
than the previous results from other experiments, which 
could be attributed to the intrinsic characters of the mature 
tissues used. Our study revealed no advantages for any cut-
ting mode for in vitro regeneration of shoots from internodal 
explants of Thomson navel sweet orange. 

Normally juvenile tissues derived from citrus plants are 
used for in vitro culture experiments whereas application of 
mature tissues have been limited due to their low regenera-
tion capacity. (Cervera et al. 2008, Tallon et al. 2013). The 
present work corroborates these findings and further dem-
onstrates that the optimal hormone concentrations are spe-
cific to explant, as it has been previously reported for juve-
nile explants (Bordon et al. 2000, Costa et al. 2004, Mendes et 
al. 2008). Previous reports on plantlet regeneration from 
sweet orange mature tissues included a pre-treatment for 
optimum regeneration. Cervera et al. (1998) and Rodriguez 
et al. (2008) used stem segments developed from grafted 
buds (invigorating), while most of the other investigators 
used nursery plants for explant preparation (Kobayashi et al. 
2003, Marutani-Hert et al. 2012, Tallon et al. 2013).  

To our knowledge, this is the first report of a complete 
protocol for adventitious shoot regeneration, rooting and 
complete plant regeneration from mature tissues of grove-
grown Thomson navel citrus. This regeneration system can 
be used to transform mature explants of citrus navel culti-
vars by particle bombardment or Agrobacterium-mediated 
transformation methods. 
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