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Abstract
Rough lemon (Citrus jambhiri Lush.) is an important rootstock for a number of citrus fruit crops
including lemons, oranges, grape fruits, kinnows and mandarins. The objective of this study was to
develop an efficient protocol for in vitro embryogenic callus induction and regeneration of rough lemon
(Citrus jambhiri Lush.). Epicotyl segments excised from in vitro raised seedlings were used as explants.
Different growth regulators media were tried to produce somatic embryoes from epicotyls segments of
rough lemon. Only MS medium supplemented with 2,4-D1.0mg/litre + BAP1.0 mg/litre produces early
and highest percentage of callus with formation of somatic embryoes. Among different somatic callus
regeneration media, MS medium fortified with NAA0.5mg/litre, BAP3.0 mg/litre and kinetin1.0mg/litre
having good regeneration potential with minimum number of days taken for regeneration, highest
number of shoots and shoot length. Rooting of regenerated shoots was highest in MS supplemented with
NAA1.0mg/litre and IBA1.0 mg/litre- with minimum number of days taken to rooting, highest roots and
root length. The plantlets were successfully acclimatized in different potting mixtures and highest
survival rate (96.45%) was achieved in potting mixture containing garden soil+ sand+ vermiculite
(1:1:1).
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Introduction
Rough lemon (Citrus jambhiri Lush.) is the most commonly used rootstock for various scion
cultivars of citrus in all over the world. It is native to North-eastern India, probably a natural
hybrid because of its high degree of polyembryony compared to other lemon species. Rough
lemon rootstock is suited to deep well drained sandy soil which are subject to marked
fluctuations in soil moisture. It forms a normal union with all scion varieties, develops a deep
root system, produces heavy yields and gives a long life to tree when planted on a suitable soil.
It imparts resistance to tristeza and exocortis viroid, tolerant to salt and drought. Rough lemon
(Citrus jambhiri Lush.) is the commercial citrus rootstock in India. This is a deep-rooted
rootstock and is well adapted to the diverse agro-climatic conditions. It ensures high yield with
large size fruits in most of the scion cultivars and at the same time is resistant to most of the
viruses (Altaf et al., 2008) [5]. However, rough lemon is highly susceptible to Phytophthora
(Naqvi, 2000) [52] and soil salinity (Ferguson, 2002) [20].
Rough lemon seedlings are not fast growing however budded trees on this rootstock are very
vigorous, precocious and bear heavily as young trees but they have lesser longevity period
than other stocks. Trees on all rootstocks were smaller except on the rough lemon (Citrus
jambhiri Lush.). The potential of conventional methods of improvement of citrus rootstocks is
limited by biological factors that inhibit breeding and selection, such as heterozygosity and
inbreeding depression, pollen and ovule sterlity, sexual incompatability, apomixes, nucellar
polyembryony and juvenility (Guo and Deng,2001;Grosser and Gmitter, 2005) [27, 26].
Under such circumstances, in vitro culture techniques hold potential and could offer solution
to these problems. Besides improving the existing cultivars, micropropagation techniques have
the potential for mass scale generation of novel plants in a comparatively short time span when
compared to conventional breeding. Plant tissue culture has emerged as a powerful tool for
propagation and improvement of many woody plant species including Citrus. In vitro culture
has the potential to eliminate diseases and provides scope for development of new cultivars
through somaclonal variations (Hammschlag et al., 1995) [28]. Production of callus and its
subsequent regeneration are the prime steps in crop plants to be manipulated by
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biotechnological means and to exploit somaclonal variations
(Islam et al., 2005) [33]. The composition of culture medium
and culture conditions have been shown to be crucial for the
growth of in vitro cultures (Duran-Vila et al., 1992) [18].
Biotechnological tools such as genetic transformation and
tissue culture techniques like somaclonal variation and in
vitro mutagenesis are ideal alternatives of conventional
breeding to expedite the genetic improvement of citrus
genotypes(Kayim and Koe, 2006) [35]. As a pre-requisite to
genetically improve rough lemon for phytophthora and
salinity tolerance through these methods, an efficient in vitro
regeneration protocol is must. In vitro regeneration system in
rough lemon based on callus could prove useful both for the
production of transgenics (young callus) and for induction of
variants through somaclonal variation (old callus). Only few
reports indicate regeneration from callus in rough lemon
(Singh, 2000) [65] but with low regeneration frequency. Gill et
al. (1994) [22] demonstrated the involvement of growth
regulators in callus induction and regeneration in citrus. Like
growth regulators, carbohydrates also influence the callusing
behaviour in citrus (Oliveira et al., 2001) [53]. This implies that
the carbohydrate composition of callus induction medium
could also influence the regeneration. Callus age is another
factor, which modifies the in vitro response (Hao and Deng,
2002) [29].
Tissue culture and micropropagation protocols have been
described for a number of Citrus species using a wide range
of explant sources (Al-Khayri and Al-Bahrany,2001; Khawale
and Singh, 2005; Ali and Mirza, 2006; Altaf et al., 2008;
Altaf et al., 2009; Khan et al.,2009; Laskar et al., 2009;
Sharma et al., 2009; Perez-Tornero et al., 2010; Singh and
Rajam, 2009, 2010) [3, 40, 1, 5, 7, 38, 43, 64, 55, 66, 67]. However, a little
work has been carried out on the tissue culture of Citrus
jambhiri (Raman et al.,1992; Altaf and Ahmad, 1997;
Khawale and Singh, 2005; Ali and Mirza, 2006; Altaf et
al., 2008; Sharma et al., 2009; Saini et al.,2010; Kumar et al.,
2011; Savita et al., 2010,2011) [57, 4, 40, 1, 5, 64, 61, 42, 63, 62].
Different protocols of callus induction and plant regeneration
using various techniques and explants, including somatic
embryogenesis and organogenesis have been reported for
various citrus species (Al-Taha, 2009; Jajoo, 2010; Lombardo
et al., 2011) [8, 34, 45]. Establishment of an efficient callus
induction protocol is an essential prerequisite in harnessing
the advantage of cell and tissue culture for genetic
improvement. For the successful application of the tissue
culture technique in crop breeding, callus growth and plant
regeneration potential of each crop must be determined
(Khaleda and Forkan, 2006; Altaf et al., 2009) [37, 7]. Citrus
embryo explants were most responsive to callus induction and
proliferation (Alka, 2010) [2].
Although all plant cells are derived from the fertilized egg cell
and contain identical information, callus derived from somatic
cells varies in competence to express totipotency (i.e. their
genetic ability to produce plants). Mostly, explants that
contain immature, meristematic cells develop callus, which
are competent to express totpotency.In citrus, callus cultures
have been established in species such as Citrus grandis(L)
Osb, Citrus aurantifolia (Christm.) Swingle, Citrus medica
L., Citrus sinensis (L) Osb, Citrus madurensis L., Citrus
paradise Macf., Citrus reticulata Blanco and Citrus limon
(Sabharwal, 1963; Murashige and Tucker,1969; Grinblat,
1972; Chaturvedi and Mitra, 1975; Moore, 1985; Duran-Vila
et al., 1989; Gill, 1992; Gill et al., 1994) [60, 48, 25, 15, 47, 19, 24, 22].
Responses to different culture media are often genotypespecific. Genetic transformation through callus is quite easy

and high frequency transgenic plants can be obtained from
callus since in the case of direct regeneration, frequency of
untransformed plants is quite high. Furthermore genetic
transformation by protoplast isolation and fusion, agro
bacterium mediated genetic transformation, induced mutation
through gamma rays or chemical mutagenesis can also
become efficient through callus formation and regeneration.
Nucellar embryos or nucellar tissues and epicotyl segments
can give an efficient callus induction and regeneration
systems.
The development of tissue culture protocol is essential to be
used routinely as a research tool for improvement of Rough
lemon. Keeping this in mind, the present study was designed
to develop an efficient and reproducible protocol for callus
induction and somatic embyrogenesis from epicotyl segments
of Citrus jambhiri and regeneration of calli into plantlets.
Materials and Methods
Explant collection and sterilization
The experimental material consisted of seeds extracted from
ripened fruits of citrus rootstock rough lemon (Citrus jambhiri
Lush.) collected from the New Orchard of Department of
Fruit Science, Punjab Agricultural University, Ludhiana
during 2009-10 and 2010-11. Fresh fruit taken from field
grown trees were washed with water containing 1-2 drops of
teepol and then washed thoroughly with running tap water.
The seeds extracted from fruits were removed of testa (outer
covering) and then surface sterilized under aseptic conditions
with 0.1% mercuric chloride for 4-5 minutes. The seeds were
thoroughly washed with sterilized distilled water thrice before
inoculation to remove the toxic effects of mercuric chloride.
After sterilization, seeds were sown in Murashige and Skoog
(MS) (1962) [49] basal medium in culture jars. The cultured
seeds were incubated at 25±2°C temperature in dark for two
weeks for etiolation. After one week of sowing, seed
germination started. After 4-5 weeks, these culture were
shifted to light for 16 hours continuous fluorescent white light
(2000lux) followed by a dark period of 8 hours (Fig1).
Callus induction
Epicotyl segments (1-2cm) from one month old seedlings
(Fig1)were cultured in petri plates containing 40ml of callus
induction MS media supplemented with different
concentrations and combinations of plant growth regulators
like Naphthalene acetic acid(NAA),3-Benzyl aminopurine
(BAP), 2, 4-D(2, 4-Dichlorophenoxyacetic acid) and Kinetin
(Fig2). For each treatment, 24 culture petri plates were
inoculated for individual treatment and experiment was
repeated thrice. These cultures were incubated at 25±2°C
temperature for 16 hours continuous florescent white light
(2000lux) followed by a dark period of 8 hours.
Shoot regeneration from callus
For regeneration, about 50 days old green healthy friable calli
were divided into small pieces and cultured on different callus
regeneration media containing MS medium supplemented
with different concentrations and combinations of plant
growth regulators like Naphthalene acetic acid(NAA),3Benzyl aminopurine(BAP)and Kinetin. Further, to determine
the regeneration capacity of long term callus cultures, calli of
different age groups were transferred to optimized shoot
regeneration medium. For each treatment, 24 culture tubes
were inoculated for individual treatment and experiment was
repeated thrice. Cultures were incubated at 25±2°C
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temperature for 16 hours continuous florescent white light
(2000lux) followed by a dark period of 8 hours.
Rooting of regenerated shoots
For rooting, the regenerated shoots (about 2-3 cm in length)
which are induced on best shoot regeneration medium were
separated out and cultured on MS medium supplemented with
different concentrations of naphthalene acetic acid (NAA) and
Indole-3-butyric acid (IBA). For each treatment, 24 culture
tubes were inoculated for individual treatment and experiment
was repeated thrice. Cultures were incubated at 25±2°C
temperature for 16 hours continuous florescent white light
(2000lux) followed by a dark period of 8 hours.
Visual observations were taken at every three days and data
was recorded on effect of different treatments on callus
induction, shoot regeneration and root induction. The
experimental data was analyzed with Completely Randomized
Block Design as described by Singh et al. (1998) [68].
Results and Discussion
Callus induction
The frequency of callusing varied with the composition of
growth regulators in the medium. Effect of different
concentrations and combinations of MS media with 2, 4-D,
NAA, BAP and kinetins on callus induction and somatic
embryogenesis from epicotyl segments of Citrus jambhiri
Lush. have been tried (Table 1). Among the different media
combinations, the MS medium supplemented with 2, 4-D 1.0
mg/litre and BAP 1.0 mg/litre produced soft, loose, nodular,
friable and green colour of callus (Fig 3a & b). This type of
callus produced somatic embryos (Table1) (Fig4 a&b) (Fig
5&b). Composition of growth regulators had great influence
on the colour and texture of callus. Only green colour callus
has morphogenetic potential (Tao et al., 2002) [70]. Essentially
effects of auxins on citrus callus induction already have been
reported in Citrus grandis (Huang et al., 2002) [31] and Citrus
jambhiri (Savita et al., 2010) [31]. A similar result on Citrus
acida (Chakravarty and Goswami, 1999) [13] shows that 2, 4-D
in combination with BAP is one of the best combinations for
induction and development of callus.
Among different combinations evaluated for their effects on
callogenesis, MT medium supplemented with 1 mg/litre 2,4-D
in combination with BAP at 0.5 mg/litre supported highest
rate of callus induction (100%) with better growth and vigour
(Ramdan et al., 2014) [58]. Gill et al. (1994) [22] demonstrated
that the type of auxin used for establishment of callus not only
affects the colour and texture of callus but also its
regeneration potential. They reported that use of 2,4-D in the
medium produced friable and non-embryonic callus while
NAA induced compact nodular calli of embryonic nature.
Callus induction response in cotyledons of Citrus jambhiri
was increased to 83.33% when 2,4-D 2mg/litre was used in
combination with BA at 0.75 mg/litre (Savita et al., 2011)
[62]
.Maximum callus induction(98.66%) was observed from
leaf segments on MS medium supplemented with 2,4-D
4mg/litre in Citrus jambhiri (Savita et al., 2011)[62]. Kumar et
al. (2011) [42] also observed that maximum callusing in
epicotyl segments of Citrus jambhiri was observed on MS
medium supplemented with NAA 10mg/litre+BA 1.0
mg/litre+kinetin 0.5 mg/litre+sucrose 6%+galactose.
MS medium alone with BAP 1.0 mg/litre and 1.0 mg/litre 2,
4-D induce highest percentage of callus (Waghmare and
Pandhure, 2015) [72]. This shows that cell proliferation
requires the presence of 2, 4-D as auxin essential for
callogenesis. This acts as an inductive auxin signal to trigger

the proliferative activity of explants.A similar result on Citrus
acida (Chakraverty and Goswami, 1999) [13] shows that 2, 4-D
in combination with BAP is one of the best combinations for
induction and development of callus.
2,4-D in combination with BAP was also tested and it was
found that 5 mg/litre 2,4-D and 1 mg/litre BAP was most
effective in callus induction. At this concentration the
response for primary callus induction was 88%. (Hussain et
al., 2016) [32]. Al-Taha et al. (2012) [9] who also obtained
similar findings in an attempt for primary callus induction in
Citrus sinensis.
Hussain et al. (2016) [32] also reported that 2,4-D and BAP
combination was more appropriate for embryogenic potential.
These findings regarding to embryogenic callus induction for
Citrus reticulata are in strongly agreement with Khan et al.
(2006) [39], who also reported similar results. It was observed
that MS medium containing 2.5 mg/litre 2,4-D and
0.5mg/litre BAP supplemented with 0.5gm/litre malt extract
was suitable for embryogenic callus induction from both
epicotyl segments and nucellar embryonic tissues (Kazmi et
al., 2015) [36]. There are various previous reports available for
direct and indirect micropropagation of citrus varieties
including micro propagation of rough lemon through callus
formation and regeneration in the presence of 2,4-D and BAP
was performed by (Ali & Mirza, 2006) [1].
Kazmi et al. (2015) [36] reported that callus produced from
epicotyl segments was soft, friable and embryogenic in the
media with 2.5mg/litre 2,4-D and 0.5mg/litre BAP. These
findings are in disagreement with (Nafees et al., 2009) [50]
since they used BAP and 2,4-D combinations from 0 to
0.4mg/litre and also with Chakraverty & Goswami (1999) [13]
as they found 1mg/litre 2,4-D and 0.5mg/litre BAP suitable
for callus induction(90.2%) as well as 1mg/litre BAP for
somatic embryogenesis(75.7%). These findings are in contrast
with Gill et al., (1995) [23] since they found epicotyl parts
more embryogenic as compared to other plant parts.
Chakravarty and Goswami, (1999) [13] reported highest
callusing in 2,4-D and BAP combination at concentrations of
1 and 0.5 mg/litre respectively, although the presence of 2,4D alone was sufficient to initiate callusing. BAP and 2,4-D
gave better callusing response than NAA and Kinetins. NAA
and Kinetins could induce callusing from the explants in
Citrus reticulata (Gill et al., 1995) [23]. Altaf et al. (2009) [6]
reported that the seeds formed callus in MS medium
supplemented with BA + 2,4-D each at 1mg/litre. Callus
induction occurred on half strength MS medium
supplemented with BA at 1.0 mg/litre and 2,4-D at 5.0
mg/1itre were obtained by Miah et al.(2002) [46] for Citrus
macroptera. Chakraborty and Goswami (1999) [13] reported
best callus induction response on MS medium supplemented
with 2,4-D (1 mg/litre) and BA (0.5 mg/litre).
Embryo germination and maturation occurred on half strength
MS medium supplemented with BA at 1.0 mg/litre and 2,4-D
at 5.0 mg/litre (Al Taha et al., 2012) [9]. Similar results were
obtained by Miah et al. (2002) [46] for Citrus macroptera and
Bhargara et al. (2003) [12] for date palm, who showed the
importance of benzyl adenine and auxins, for embryo
germination and maturation.
Shoot regeneration
For regeneration, 50 days old green healthy friable calli which
produced somatic embryoes were divided into small pieces
which were cultured on MS medium supplemented with
different concentrations and combinations of NAA, BAP and
Kinetin (Table 2).
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Callus regeneration is initiated by the appearance of shoot
buds on callus. The callus cultured on regeneration medium
started some morphological changes. The callus started
turning dark green, followed by its loosening. Most of the
shoots regenerated either from the outer peripheral cells or
from the middle cells of the callus. The histological analysis
of callus cultures of Citrus madurensis by Grinblat (1972) [25]
indicated that the outer peripheral and middle cells are of
parenchymatous and meristematic origin and participate in
cell division and differentiation. Shoot regeneration in callus
started after 22 days of culturing (Fig 6a & b) and continued
up to 54 days (Table 2).
Significantly maximum(80.52%) and earlier (22.00) callus
regeneration was observed in calli cultured on MS medium
fortified with NAA0.5mg/litre, BAP3.0mg/litre and
Kinetin1.0mg/litre with maximum number of shoots (7.50),
shoot length (5.50cm) and number of leaves (5.0) followed by
MS
medium
supplemented
with
NAA0.5mg/litre
BAP2.5mg/litre and Kinetin0.5mg/litre. Kumar et al. (2011)
[42]
reported that maximum shoot regeneration (76.09%) and
number of shoots(8.15) per callus was observed on full MS
medium with NAA 0.5mg/litre + kinetins 0.5mg/litre + BA
3.0mg/litre. But average length of regenerated shoots was
highest (4.32cm) in the calli cultured on full MS medium
supplemented with NAA 0.5 mg/litre, kinetin 0.5mg/litre and
BA 1.0mg/litre.
Savita et al. (2010) [63] reported that nodal segments of Citrus
jambhiri showed better regeneration (71.89%) with NAA
0.5mg/litre and BA 3mg/litre. Similarly, Savita et al. (2011)
[62]
maximum shoot regeneration (87.50%) was observed from
callus induced from cotyledon segments of Citrus jambhiri on
the MS medium with BA 3 mg/litre.
Cytokinins either alone or in combination with other growth
regulators has been proved beneficial in the differentiation of
callus cultures into shoots in different citrus species.In
undifferentiated callus cultures of Citrus grandis(Li and Xu,
1992; Begum et al., 2003) [44, 10], Citrus sinensis (Rashad et
al., 2005) [59], shoot differentiation was achieved with the
supplementation of BAP alone in the MS medium. In Citrus
jambhiri, Ali and Mirza, (2006) [1] also reported regeneration
in stem segments derived callus on MS medium containing
BAP 3.0 mg/litre. Chaturvedi and Sharma(1988)[14]reported
that supplementation of BAP along with other auxins like
NAA to the MS medium has been helpful in redifferentiation
to form shoots in callus cultures of Citrus grandis, Citrus
sinensis and Citrus aurantifolia. In Citrus, role of cytokinins
in shoot regeneration were also noted by Bhansali and Arya,
(1978b) [11]; Gill, (1992) [24]; Raman et al. (1992) [57]. The
cytokinins are generally added to induce shoot formation and
to inhibit root formation. Cytokinins have also been shown to
activate RNA synthesis and to stimulate protein and enzymes
activity in certain tissue (Torres, 1988) [71]. Rashad et al.
(2005) [59] noted the maximum shoot induction in Citrus
sinensis cultivar Musambi, when calli were cultured on MS
media supplemented with BAP 2 mg/litre. Dhatt and Grewal
(1997) [17] noted that shoots were regenerated from callus
culture of citrus cultivars Mosambi, Baramasi lemon and
Kinnow upon transfer to half strength MS medium
supplemented with BAP 5 mg/litre. Singh (2000) [65] reported
low regeneration frequency of 27% in hypocotyl and epicotyls
derived callus of Citrus jambhiri on MS medium
supplemented with NAA (0.5 mg/litre), BA (3.0mg/litre) and
malt extract (0.5g/litre). In the present study, the relatively
high regeneration from callus in this citrus species can be

attributed to the difference in the composition of callus
induction medium.
Root regeneration
For rooting, the regenerated shoots were separated out and
cultured on MS medium supplemented with different
concentrations of NAA and IBA.
In vitro regenerated shoots of about 2-3 cm height were
separated out from the shoot clumps and transferred to the
rooting media. The response of plantlets regenerated from
callus is presented in Table 3. Among the six media tested for
rooting response, the percent rooting (88.52) days to root
initiation (12.0), number of roots (16.75) and root length
(10.55cm) were significantly higher in MS medium
supplemented with NAA1.0mg/litre and IBA1.0 mg/litre
(Fig7) followed by MS medium fortified with NAA 1.0
mg/litre. The MS medium supplemented with NAA0.5
mg/litre and IBA 0.5 mg/litre induces minimum percent
rooting (23.50), number of roots (3.17) with more number of
days (22.50) taken for rooting. Auxin induces the rhizogenesis
which include the division of meristematic cells, their
elongation and differentiation into root primordial (Nanda,
1979) [51].
The number of roots produced per shoot, root length and
thickness of roots varied with the concentration and
combination of auxin used in the medium. Parkash et al.
(2005) [56] observed that the earliest and maximum rooting in
C. jambhiri on MS medium supplemented with NAA 1.0
mg/litre and IBA 1.0 mg/litre. Rooting response was
maximum in Citrus sinensis cultivar Mosambi when shoots
were cultured on MS medium supplemented with
NAA1.5mg/litre (Rashad et al., 2005) [59] and MS medium
fortified with NAA 0.75 mg/litre and IBA 2 mg/litre (Das et
al., 2000) [16]. Gill and Gosal (2002) [21] noted that average
number of roots per shoot was maximum in MS medium
supplemented with NAA 2.0 mg/litre in pectinifera rootstock.
Root length and root number were found 80% by 5.5 µM IBA
+ 2.5 µM NAA (Hasan et al., 2016) [30]. Kour and Singh,
(2012) [41] reported that in Citrus jambhiri Lush., half strength
MS medium fortified with 1.0 mg/litre NAA and IBA each
was earlier (16.51 days) to show the root induction with
highest per cent rooting (83.33) than IBA and NAA 1.0
mg/litre alone. Maximum number of roots per shoot (2.47)
and length of longest root (3.57 cm) was observed in the
medium supplemented with NAA and IBA 1.0 mg/litre each.
Maximum rooting response (91.67%) was observed on half
strength MS medium supplemented with NAA (0.5 mg/litre)
(Savita et al., 2011) [62]. Kumar et al., (2011) [42] reported the
rooting from regenerated shoots of Citus jambhiri on MS
medium supplemented with IBA 1.0mg/litre.
Auxins play an important role in rhizogenesis, which include
division of meristematic cells, their elongation and
differentiation into root primordial (Omura and Hidaka, 1992)
[52]
. The number of roots produced per shoot, root length and
thickness of roots varied with the concentration and
combination of auxins used in the medium.
Effect of increasing callus age on regeneration potential
The 50 days old calli had the maximum shoot regeneration
potential. The increase in callus age showed a progressive and
significant decline in shoot regeneration from 88.50% (50days-old calli) to 15.68 % (130 days-old-calli) (Table4).
Effect of increasing age of callus was studied which showed
that callus retained regeneration capacity (58.33%) even after
420 days of culture (Savita et al., 2011) [62]. It was observed
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that with increase in age, the callus became more and more
compact and therefore, it took more time to loosen prior to
differentiation. With increase age of callus, the average
number of regenerating shoots/ callus and their growth was
also reduced significantly (Table 4) Similar results were noted
by Kumar et al. (2011) [42] and Savita et al. (2011) [62]. With
increase callus age, the time interval for shoot regeneration
was also prolonged. The minimum time (24.25 days) for
shoot regeneration with maximum number of shoots (7.25)
and shoot length (5.35cm) were recorded in 50 days old
callus, while 130 days old callus took maximum time (55
days) to regenerate with minimum number of shoots (2.65)
and shoot length (2.5cm). Hao and Deng (2002) [29] linked
decrease in regeneration from ageing callus to karyotypic
changes. They observed numerical chromosomal changes in
long-term callus cultures of Citrus sinensis cv ‘Anliucheng’
and found that 2.3 and 3.9% of the total examined cells were
aneuploid and tetraploids, respectively. Although cytological
examination of different age group callus has not been
performed so far in citrus, but the study of Swedlund and
Vasil (1985) [69] in Pennisetum americanum has shown that
the relative frequency of the aberrant cells increases with the
duration of culture. They reported that after 1 and 6 months of
culture, the relative frequency of diploid cells was 92 and
76%, respectively. The aberrated cells, though in low
frequency, but participate in the regeneration process via
organogenesis along with normal diploid cells (Swedlund and
Vasil, 1985) [69]. This implies that the old callus cultures have
great potential in production of somaclonal variants. These

somaclonal variants can later be screened to various biotic
and abiotic stresses of interest.
Acclimatization
In vitro propagated plantlets of Citrus jambhiri Lush. having
good shoot and root system are ready for acclimatization. The
plantlets were removed from the culture vessels and washed
with sterilized water to clean the root system from the remains
of the growth medium. The plantlets were then placed in glass
tubes containing half strength MS medium, ensuring the
submergence of the root system. The glass tubes were then
closed with aluminum foil and placed in a growth room under
controlled conditions (temperature 27±2°C,16/8 hour
photoperiod and light intensity 1500 Lux for 24 hrs. Then, the
plantlets were planted in earthen pots containing an
autoclaved potting mixtures containing different combinations
of garden soil:sand:vermiculite and kept in polyhouse.
Plantlets showed maximum survival (96.45%) was observed
in garden soil + sand+vermiculite (1:1:1) potting mixture
(Table 5). Similarly the Saini et al. (2010) [61] and Kumar et
al. (2011) [42] reported the the maximum plantlet suvival in
vermiculite and garden soil as potting mixture for in Citrus
jambhiri Lush (Fig8). Rooted plantlets grown in all the
vermiculite potting mixtures exhibited low mortality of the
plantlets because vermiculite had high water holding capacity.
After this, these plantlets were shifted to greenhouse. The
plantlets exhibited normal growth with 3-4 leaves per plant.
After 2-3 months in the greenhouse the plants were
transplanted under the field conditions.

Table 1: Effect of different culture media on callusing and somatic embryogenesis in rough lemon (Citrus jambhiri Lush.)
Degree of
Response
Days for Percent
Type of
Colour of callus
callus
for somatic
callus
callus
Callus
growth
embryoes
initiation induction
MS+NAA1mg/litre +BAP1.0 mg/litre
13.82
75.55
Compact
White
Good
Nil
MS+NAA0.5mg/litre + BAP0.5 mg/litre
20.56
62.25 Rough and less compact Creamish to yellow Good
Nil
MS+2,4-D1.0mg/litre +kinetin 0.5 mg/litre
16.52
70.46
Compact
White
Good
Nil
MS+NAA1.0mg/litre +kinetin0.5 mg/litre
28.00
30.25 Rough and less compact Creamish to yellow
Fair
Nil
Very Somatic embryoes
Soft, loose, Nodular and
Green
MS+2,4-D1.0mg/litre+ BAP1.0 mg/litre
9.20
86.55
good
developed
friable
MS+2,4D0.5mg/litre +BAP 0.5mg/litre
24.62
45.25
Compact
Creamish
Good
Nil
MS+2,4-D1.0 mg/litre + NAA 0.5 mg/litre
30.54
25.50
Compact
Creamish
Poor
Nil
CD (5%)
2.84
3.12
Media

Table 2: Effect of different culture media on percent shoot regeneration, days to regeneration,average number of shoots, shoot length and
number of leaves in callus culture of rough lemon (Citrus jambhiri Lush.)
Media
MS+NAA0.5mg/litre+BAP0.5mg/litre +Kinetin0.5mg/litre
MS+NAA0.5mg/litre +BAP3.0mg/litre +Kinetin1.0mg/litre
MS+NAA0.5mg/litre +BAP2.0mg/litre +Kinetin0.5mg/litre
MS+NAA0.5mg/litre +BAP1.0mg/litre +Kinetin0.5mg/litre
MS+NAA0.5mg/litre+BAP2.5mg/litre +Kinetin0.5mg/litre
MS+BAP0.5mg/litre+Kinetin0.5mg/litre
MS+BAP1.0mg/litre +Kinetin1.0mg/litre
CD (5%)

Percent shoot
Days to
Average number
regeneration regeneration
of shoots
20.00
51.63
2.80
80.52
22.00
7.50
60.00
34.50
5.00
25.00
43.94
4.00
65.25
30.42
6.25
18.52
54.00
3.54
60.52
32.25
4.56
2.30
2.74
1.70

Shoot length Number
(cm)
of leaves
2.50
3.00
5.50
5.00
2.95
3.20
2.80
3.60
3.33
4.00
2.78
3.00
3.00
2.50
0.96
NS

Table 3: Effect of different media on rooting from callus regenerated shoots of rough lemon (Citrus jambhiri Lush.)
Media
MS+NAA0.5mg/litre+IBA0.5 mg/litre
MS+NAA1.0mg/litre +IBA1.0 mg/litre
MS+NAA1.0 mg/litre +IBA0.5 mg/litre
MS+NAA0.5 mg/litre +IBA1.0mg/litre
MS+IBA1.0 mg/litre
MS+NAA1.0mg/litre
CD(5%)

Percent rooting
23.50
88.52
50.55
60.25
75.40
80.50
3.31

Days taken to root initiation
22.5
12.00
18.50
17.00
16.00
15.00
3.02
~ 2086 ~

Number of roots
3.17
16.75
6.00
8.52
10.35
12.50
3.01

Root length(cm)
7.79
10.55
8.00
8.25
8.45
8.62
NS
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Table 4: Effect of callus age on days taken to regeneration, percent callus shoot regeneration, number of shoots and shoot length in callus
culture of rough lemon (Citrus jambhiri Lush.)
Age of callus(days) Days taken to regeneration
50
24.25
70
35.55
100
46.35
130
55.00
CD(5%)
2.21

Percent callus shoot regeneration Number of shoots Shoot length(cm)
88.50
7.25
5.35
70.34
4.55
3.75
52.50
3.50
3.20
15.68
2.65
2.50
3.64
1.68
1.43

Table 5: Effect of different potting mixtures on the percent survival of the plantlets induced from callus of rough lemon (Citrus jambhiri Lush.)
Potting mixtures
Garden soil
Garden soil+sand(1:1)
Garden soil+sand(1:2)
Garden soil+sand(2:1)
Garden soil+Vermiculite(1:1)
Garden soil+Vermiculite(1:2)
Garden soil+Vermiculite(2:1)
Garden soil+sand+vermiculite(1:1:1)
Garden soil+sand+vermiculite(1:2:1)
Garden soil+sand+vermiculite(2:1:1)
Garden soil+sand+vermiculite(1:1:2)
CD (5%)

Fig1. Seed germination of Citrus jambhiri Lush.
on MS medium

(a)

Percent survival
44.50
74.53
70.20
66.72
80.00
70.25
72.32
96.45
82.16
88.15
75.00
3.09

Fig2. Culturing of epicotyl segments on
callus induction medium

(b)

Fig 3(a-b): Initiation of callus on callus induction medium
~ 2087 ~
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(a)

(b)

Fig 4: Induction of somatic embryoes on MS medium with 2,4-D1.0mg/litre + BAP1.0 mg/litre

(a)

(b)

Fig 5(a-b): Emergence of somatic embryoes

(a) (b)
Fig 6(a-b): Shoot proliferation from somatic embryoes on MS medium fortified with NAA0.5mg/litre, BAP3.0 mg/litre and Kinetin1.0mg/litre

Fig 7: In vitro rooting on MS medium+
NAA1.0 mg/litre and IBA1.0 mg/litre

Fig 8: Established full grown plant in
potting mixture of garden soil +sand+vermiculite(1:1:1)
~ 2088 ~

International Journal of Chemical Studies

References
1. Ali S, Mirza B. Micropropagation of rough lemon (Citrus
jambhiri Lush.): Effect of explant type and hormone
concentration. Acta Botanica Croatica. 2006; 65(2):137146.
2. Alka J. In vitro propagation of Citrus limonia through
nucellar embryo culture. Current Research Journal of
Biological Sciences. 2010; 2(1): 6-8.
3. Al-Khayri
JM,
Al-Bahrany
AM.
In
vitro
micropropagation of Citrus aurantifolia (lime). Current
Science. 2001; 81(9):1242-1246.
4. Altaf N, Ahmad MS. Effect of culture medium
composition on nucellar embryogenesis in three citrus
cultivars: Kinnow, Jatti Khatti (Rough lemon) and Gada
Dehi. In Endeavors in Biotechnology. Edited by Ihsan
Ilahi, Department of Botany, University of Peshawar.
1997, 25-30.
5. Altaf N, Khan AR, Ali L, Bhatti IA. Propagation of
rough lemon (Citrus jambhiri Lush.) through in vitro
culture and adventitious rooting in cuttings. Electronic
Journal of Environmental, Agricultural and Food
Chemistry. 2008; 7:3326-3333.
6. Altaf N, Khan AR, Ali L, Bhatti IA. In vitro culture of
kinnow explants. Pakistan Journal of Botany. 2009;
41(2):597-602.
7. Altaf N, Khan AR, Bhatti IA, Ali L. Tissue culture of
citrus cultivars. Electronic Journal of Environmental,
Agricultural and Food Chemistry. 2009; 8(1):43-51.
8. Al-Taha HAA. The use of plant tissue culture technique
in micropropagation of salt tolerant plants of local orange
trees (Citrus sinensis (L.) Osbeck. cv. Local
Orange).Ph.D. Thesis. Agriculture College, Basrah
University, Basrah, Iraq. 2009, 192.
9. Al-Taha HAK, Abbas MJ, Muayed FA. Somatic
embryogenesis and plantlet regeneration from nucleus
tissues of local orange (Citrus sinensis (L.) Osbeck). Acta
Agriculture Slovenica. 2012; 99:185-189.
10. Begum F, Amin MN, Islam S, Azad MAK, Rehman MM.
In vitro plantlet from cotyledon derived callus of three
varieties of pummelo (Citrus grandis [L.]Osb. Online
Journal of Biological Sciences. 2003; 3(8):751-759.
11. Bhansali RR, Arya HC. Diffetrentiation in explants of
Citrus paradisi Macf. Grown in culture. Indian Journal of
Experimental Biology. 1978b; 16:409-16.
12. Bhargara SC, Saxerna SN, Sharma R. In vitro
multiplication of Phoenix dactylifera (L.). Journal of
Plant Biochemistry and Biotechnology. 2003; 12:43-47.
13. Chakraverty B, Goswami BC. Plantlet regeneration from
long term callus cultures of Citrus acida Roxb. and the
uniformity of regenerated plants. Scientia Horticulturae.
1999; 82:159-169.
14. Chaturvedi HC, Sharma AK. Citrus tissue culture. In:
Proc. Natl. Seminar on Plant Tissue Culture, ICAR, New
Delhi. 1988, 36-46.
15. Chturvedi HC, Mitra GC. A shift in morphogenetic
pattern in citrus callus tissue during prolonged culture.
Annals of Botany. 1975; 39(4):683-687.
16. Das A, Paul AK, Chaudhuri S. Micropropagation of
sweet orange (Citrus sinensis Osb.) for the development
of nucellar seedlings. Indian Journal of Experimental
Biology. 2000; 38:269-272.
17. Dhatt AS, Grewal HS. Somatic cell culture and shoot
regeneration from callus in citrus. Proceeding of IIIrd
Agricultural Science Congress, March 12-15, 1997,
Punjab Agricultural University, Ludhiana. 1997, 213-214

18. Duran-Vila N, Gogorcena Y, Ortega V, Ortiz J, Navarro
L. Morphogenesis and tissue culture of sweet orange
(Citrus sinensis). Plant Cell, Tissue and Organ Culture.
1992; 29:111-118.
19. Duran-Vila N, Ortega V, Navarro I. Morphogenesis and
tissue cultures of three Citrus species. Plant Cell, Tissue
and Organ Culture. 1989; 16:123-133.
20. Ferguson JJ. Your Florida dooryard citrus guide young
tree care, 2002. (In) http://edis.ifas.ufl.edu/HS119.
21. Gill MIS, Gosal SS. Micropropagation of pectinifera
(Citrus depressa Hayata) a potential citrus rootstock for
sweet orange. Indian Journal of Citriculture. 2002; 1:3237.
22. Gill MIS, Dhillon BS, Singh Z, Gosal SS. Somatic
embryogenesis and plantlet regeneration on calluses
derived from seedling explants of ‘Kinnow’ mandarin
(Citrus nobilis Lour.×Citrus deliciosa Tenora). Journal of
Horticultural Science. 1994; 69(2):231-236.
23. Gill MIS, Singh Z, Dhillon BS, Gosal SS. Somatic
embryogenesis and plantlet regeneration in mandarin
(Citrus reticulata Blanco.). Scientia Horticulturae. 1995;
63:167-74.
24. Gill MIS. Studies on somatic cell and protoplast culture
in mandarins. Ph.D. Thesis, Punjab Agricultural
University, Ludhiana. 1992.
25. Grinblat U. Differentiation of citrus stem in vitro. Journal
of the American Society for Horticultural Science. 1972;
97:599-603.
26. Grosser JW, Jr.Gmitter FG. Applications of somatic
hybridization and cybridization in crop improvement,
with citrus as a model. In Vitro Cellular &
Developmental Biology-Plant. 2005; 41:220-225.
27. Guo WW, Deng XX. Wide somatic hybrids of citrus with
its related genera and their potential in genetic
improvement. Euphytica. 2001; 118:175-183.
28. Hammschlag F, Ritchie D, Werner D, Hashmil G,
Krusberg L, Meyer R et al. In vitro selection of disease
resistance in fruit trees. Acta Horticulturae. 1995; 392:1926.
29. Hao YJ, Deng X. Occurrence of chromosomal variations
and plant regeneration from long term cultured citrus
callus. In vitro Cellular and Developmental BiologyPlant. 2002; 38:472-476.
30. Hasan MR, Gupta A, Hasan MN, Rejwan HM, Hasan R,
Prodhan SH. Efficient Regeneration System for the
Improvement of Kinnow mandarin (Citrus reticulata
Blanco). Journal of Biology, Agriculture and Healthcare.
2016; 6(7):39-47.
31. Huang T, Peng S, Dong G, Zhang L, Li G. Plant
regeneration from leaf-derived callus in Citrus grandis:
Effects of auxins in callus induction medium. Plant Cell,
Tissue and Organ culture. 2002; 69(2):141-146.
32. Hussain M, Raja NI, Iqbal M, Iftikhar A, Sadaf HM,
Sabir S, Sultan MA et al. Plantlets regeneration via
somatic embryogenesis from the nucellus tissues of
kinnow mandarin (Citrus reticulata L.). American
Journal of Plant Sciences. 2016; 77:98-805.
33. Islam MM, Ahmed M, Mahaldar D. In vitro callus
induction and plant regeneration in seed explants of rice
(Oryza Sativa L.). Research Journal of Agriculture and
Biological Sciences. 2005; 1(1):72-77.
34. Jajoo A. In vitro propagation of Citrus limonia Osbeck.
through nucellar embryo culture. Current Research
Journal of Biological Sciences. 2010; 2(1):6-8.

~ 2089 ~

International Journal of Chemical Studies

35. Kayim M, Koe NK. The effects of some carbohydrates
on growth and somatic embryogenesis in citrus callus
culture. Scientia Horticulturae. 2006; 109(1):29-34.
36. Kazmi SK, Khan S, Kabir N, Mirbahar AA, Raziq M,
Kauser N. Embryogenic callus induction, somatic
embryogenesis, regeneration and histological studies of
kinnow mandarin (Citrus reticulata blanco l.) from
nucellar embryo and epicotyl region. Pakistan Journal of
Botany. 2015; 47(1):305-310.
37. Khaleda L, Al-Forkan M. Genotypic variability in callus
induction and plant regeneration through somatic
embryogenesis of five deep water rice (Oryza sativa L.)
cultivars of Bangladesh. African Journal of
Biotechnology. 2006; 5(16):1435-1440.
38. Khan EH, Fu XZ, Wang J, Fan QJ, Huang XS, Zhang
GN et al. Regeneration and characterization of plants
derived from leaf in vitro culture of two sweet orange
(Citrus sinensis (L.) Osbeck) cultivars. Scientia
Horticulturae. 2009; 120(1):70-76.
39. Khan JA, Jaskani MJ, Abbas H, Khan MM. Effect of
light and dark culture conditions on callus induction and
growth in citrus (Citrus reticulata Blanco). International
Journal of Biology and Biotechnology. 2006; 3(4):669672.
40. Khawale RN, Singh SK. In vitro adventitive embryony in
Citrus: A technique for Citrus germplasm exchange.
Current Science. 2005; 88(8):1309-1311.
41. Kour Kand, Singh B. In vitro multiplication of rough
lemon (Citrus jambhiri Lush.). IOSR Journal of
Agriculture and Veterinary Science. 2012; 1(4):5-9.
42. Kumar K, Kaur H, Gill MIS, Rattanpal HS, Kanika,
Gosal SS. An efficient regeneration protocol from callus
culture in rough lemon (Citrus jambhiri Lush.). Indian
Journal of Agricultural Sciences. 2011; 81(4):324-329.
43. Laskar MA, Hynniewta M, Rao CS. In vitro propagation
of Citrus indica Tanaka-An endangered progenitor
species. Indian Journal of Biotechnology. 2009; 8(3):311316.
44. Li MY, Xu C. Cotyledon culture and plantlet
regeneration of Shimeichen orange (Citrus sinensis).
Journal of South west Agricultural University Sichuan
China. 1993; 14:51-53.
45. Lombardo G, Alessandro R, Scialabba A, Sciandra M.
Direct organogenesis from cotyledons in cultivars of
Citrus clementina Hort. Ex Tan. American Journal of
Plant Sciences. 2011; 2(2):237-244.
46. Miah MN, Islam S, Hadinzzaman S. Regeneration of
plantlets through somatic embryogenesis from nucellus
tissues of Citrus macroptera Mont. var. anammensis
(SatKara). Plant Tissue Culture. 2002; 12(2):167-172.
47. Moore GA. Factors affecting in vitro embryogenesis
from undeveloped ovules of mature citrus fruit. Journal
of the American Society for Horticultural Science. 1985;
110:66-70.
48. Murashige T, Tucker DPH. Growth factor requirements
of Citrus tissue culture. Proceeding of First International
Citrus Symposium. 1969; 3:1155-1161.
49. Murashige T, Skoog F. A revised medium for rapid
growth and bioassays with tobacco tissue culture.
Physiologia Plantarum. 1962; 15(3):473-497.
50. Nafees A, Khan AR, Liaquat A, Bhatti IA. In vitro
culture of Kinnow explants. Pakistan Journal of Botany.
2009; 41(2):597-602.

51. Nanda KK. Adventitious root formation in stem cuttings
in relation to hormones and nutrition. In: Recent
Researches in Plant Sciences(S S Bir ed). 1979, 441-41.
52. Naqvi SAMH. Managing Phytophthora diseases in citrus.
Indian Horticulture. 2000; 44(4):5-9.
53. Oliveira De RP, Zanol GC, Concalves JA, Soares-Filho
WDS. Callus induction from Citrus species and varieties.
Revista Brasileira de Fruiticultura. 2001; 23:220-224.
54. Omura M, Hidaka T. Shoot tip culture of citrus. Bulletin
of the Fruit Tree Research Station. 1992; 22:23-35.
55. Perez-Tornero O, Tallon OC, Porras I. An efficient
protocol for micropropagation of lemon (Citrus limon)
from mature nodal segments. Plant Cell, Tissue and
Organ Culture. 2010; 100:263-271.
56. Prakash O, Rattanapal HS, Dhaliwal HS. Studies on in
vitro plantlet production in rough lemon (Citrus jambhiri
Lush.). Journal of Research PAU. 2005; 42(3):285-89
57. Raman H, Gosal SS, Brar DS. Plant regeneration from
callus cultures of Citrus limon and Citrus jambhiri. Crop
Improvement. 1992; 19:100-103.
58. Ramdan R, Handaji N, Beyahia H, Ibriz M. Influence of
growth regulators on callus induction from embryos of
five citrus rootstocks. Journal of Applied Biosciences.
2014; 73(1):5959-5965.
59. Rashad M, Khan MM, Ramzan R, Adnan S, Khan FA. In
vitro regeneration and somatic embryogenesis in Citrus
aurantifolia and Citrus sinensis. International Journal of
Agricultural Biology. 2005; 7(3):518-520.
60. Sabharwal PS. In vitro culture of ovule, nucelli and
embryo of Citrus reticulata var. ‘Nagpuri Swingle’. In:
Maheshwari and Rangaswamy N.S. (Editors), Plant
Tissue and Organ Culture. International Society of Plant
Morphology, Delhi University, Delhi. 1963, 255-274.
61. Saini HK, Gill MS, Gill MIS. Direct shoot organogenesis
and plant regeneration in rough lemon (Citrus jambhiri
Lush.). Indian Journal of Biotechnology. 2010; 9(4):419423.
62. Savita Singh B, Virk GS, Nagpal AK. An efficient plant
regeneration protocol from callus cultures of Citrus
jambhiri Lush. Physiology and Molecular Biology of
Plants. 2011; 17(2):161-169.
63. Savita Virk GS, Nagpal A. Effect of explant type and
different plant growth regulators on callus induction and
plantlet regeneration in Citrus jambhiri Lush.
Environment and We-An International Journal of Science
& Technology. 2010; 5:97-106.
64. Sharma S, Prakash A, Tele A. In vitro propagation of
Citrus rootstocks. Notulae Botanicae Horti Agrobotanici
Cluj Napoca. 2009; 37(1):84-88.
65. Singh A. Screening of citrus rootstocks for salt tolerance
at seedling and callus level. Ph D thesis, CCS Haryana
Agricultural University, Hisar. 2000.
66. Singh S, Rajam MV. Citrus biotechnology:
Achievements, limitations and future directions.
Physiology and Molecular Biology of Plants. 2009; 15:322.
67. Singh S, Rajam MV. Highly efficient and rapid plant
regeneration in Citrus sinensis. Journal of Plant
Biochemistry and Biotechnology. 2010; 19:195-202.
68. Singh S, Bansal ML, Singh TP, Kumar P. Statistical
Methods for Research Workers. Kalyani Publishers, New
Delhi. 1998.
69. Swedlund B, Vasil IK. Cytogenetic characterization of
embryogenic callus and regenerated plants of Pennisetum

~ 2090 ~

International Journal of Chemical Studies

americanum (L.) K. Schum. Theoratical and Applied
Genetics. 1985; 69:575-578.
70. Tao H, Shaolin P, Gaofeng D, Lanying Z, Gengguang L.
Plantlet regeneration from leaf derived callus in Citrus
grandis (pummelo). Effeect of auxins in callus induction
medium. Plant Cell, Tissue and Organ Culture. 2002;
69:141-146.
71. Torres KC. Tissue culture technique for horticultural
crops. Vam Mostrand Reinhold, New York. 1988, 29598.
72. Waghmare V, Pandhure N. Induction and regeneration of
callus from different explants in Citrus reticulata
(Blanco.). International Journal of Current Research and
Review. 2015; 7(13):84-88.

~ 2091 ~

