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Abstract

Studies were initiated to explore the role of plant growth regulators and explant types on efficient plantlets regeneration
via direct and indirect organogenesis in Kinnow mandarin [Citrus reticulata L. (Blanco)]. Explants were cultured on MS
medium containing varying concentrations of phytohormones. The best callus induction response was obtained in MS
medium containing 5 mg/l 2,4-D and 1 mg/l BAP where 90% from nucellus tissue, 58% from shoot apical meristem and
56% from nodal segments explants showed callogenic response after 2 weeks of inoculation.Best shoot induction medium
via indirect organogenesis was found for nucellus tissue when MS medium was supplemented with 1.5 mg/lI Kin and 500
mg/l malt extract which was 46% whereas for SAM and nodal segments, best response was obtained when MS medium was
supplemented with BAP and NAA (3.0 + 0.5) mg/l which was 40% and 48% from SAM and nodal segments respectively
after 11 weeks of inoculation.The shoot induction as well as multiplication were also studied by using different
combinations and different concentrations of phytohormones in growth medium. The best medium for shoot induction
percentage via direct organogenesis was [Ma= MS + BAP (1.0 mg/l)] whereas 92%, 90% and 82% from nucellus tissue,
SAM and nodal segments respectively showed organogenic response after 4 weeks of inoculation, whereas maximum
number of shoots per explants was obtained in medium (Mg)containing MS + Kin where 4, 7 and 6 average number of
shoots were obtained from nucellus tissue,SAM and nodal segments respectively after 11 weeks of inoculation.Best rooting
medium was found when MS medium was supplemented with 2 mg/l NAA where 88% from nucellus tissue and 80% from
the nodal segments showed rooting response whereas for SAM best rooting response was obtained when supplemented with
1.5 mg/l NAA i.e 78%. The plantlets were successfully acclimatized in different potting mixtures and highest survival rate

(100%) was achieved in potting mixture containing sand and peat moss (2:1).

Key words: Tissue culture, MS medium, Callogenesis, Callus regeneration, Direct regeneration.

Introduction

Citrus is economically one of the most important
fruit crop all over the world including Pakistan. The genus
citrus belongs to family Rutaceae and is the most
extensively cultivated fruit crop all over the world. The
citrus production of the world was relatively invariable
during last decade of 20" century. Citrus origin is
supposed to be southern slope of Himalayan region and
northFinally Check Finally Check-eastern area of China
and neighboring India (Gmitteret al., 1990). Pakistan is
included in the ten major producers of citrus all over the
world. Citrus is grown in Pakistan on area of 193,212
hectares and is increasing 5% annually. Pakistan
contributes 95% of the total Kinnow mandarin and
supplied to all over the world (Sharif & Wagar, 2005).
Punjab province is considered as the main hub of citrus
fruit crop and provides citrus of high excellence to all
over the world. In Pakistan 86% of the citrus grown is
Kinnow mandarin (Citrus reticulate Blanco) followed by
Musambi, Feutral and Blood red in proportion of 10%,
4% and 1% respectively.

Kinnow is a hybrid of two varieties, namely Citrus
deliciosa and Citrus nobilis. The export of Kinnow
mandarin can be increased by introducing seedless
variety. There is a high demand of seedless varieties in
the international market and Pakistan’s Kinnow mandarin
has about 22-26 seeds per fruit. There is a report
regarding seedless varieties in Pakistan (Khalil et al.,

2011). Propagation of Kinnow mandarin is not very fast
through traditional methods of propagation. To cope up
with this problem, it is essential that Kinnow mandarin
can be propagated through tissue culture methods such as
direct and indirect organogenesis so that numerous
numbers of plants can be produced in a limited period.

Gene transfer, selection and regeneration of
transformantsis now a day & employed by the plant
tissue culture techniques (Shah et al., 2009). According
to Helal (2011) tissue culture can be employed as
substitute to conservative methods In vitro propagation
with the purpose of increasing the developmental rate of
preferred genotypes and commercial micropropagation.
Tissue culture of citrus has attracted a considerable
attention because of its commercial values and due to
the important fruit crop of the world. In vitro
regeneration of citrus cultivars has been discussed in
various species of citrus mainly Citrus reticulate
(Hassanein & Azooz, 2003); Citrus sinensis (Costa et
al., 2004); Citrus aurantium L. (Bordon et al., 2000) and
Citrus grandis (Huang et al., 2002). Micropropagation
protocols have been described in various citrus species
and explant sources (Usman et al., 2005; Khan et al.,
2009; Laskar et al., 2009; Sharma et al., 2009; Pe’rez-
Tornero et al., 2010, Hussain et al., 2016).

The research work was carried out to explore the
response of explants type and medium composition on
callogenesis, frequency of plantlets regeneration and
multiple shoot induction in Citrus reticulata L.
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Materials and Methods

The present research work was carried out at Plant
Tissue Culture Laboratory, Department of Botany,
PMAS- Arid Agriculture University Rawalpindi, Pakistan
during the year 2014-15.

Collection of explants: Different explants such as seeds,
shoot apical meristem and nodal segments were collected
from the healthy trees of Kinnow mandarin from the
Bhalwal region of district Sargodha.

Preparation of explants: Immature fruits were washed
thoroughly under running tap water to remove all the traces
of dust and surface contaminants. Then, they were surface
sterilized by immersion in 70% (w/v) ethanol for 5 minutes,
then soaked for 10 minutes in 20% commercial Chlorax
solution containing 1% NaOCI, and finally rinsed 3 times
with sterile distilled water. Fruits were then cut under aseptic
condition and immature seeds were separated. For
callogenesis, indirect  organogenesis and  direct
organogenesis, immature seeds were cut by scalpel and
nucellus halves were separated. Afterwards, nucellus tissues
were rinsed in sterile distilled water for 3 times, and then
surface sterilized in 20% commercial chlorax solution,
containing 1% NaOCI and a drop of tween 20 for 15
minutes. The nucellus tissues were then rinsed three times in
sterile distilled water and cultured. Shoot apical meristem
and nodal segments were trimmed to approximately size of 2
cm and leaves were detached. They were then brought to
laminar air flow cabinet and surface sterilized with 70%
ethanol. Afterwards, the explants were washed in 1% NaOCI
for 20 minutes. Subsequently, these explants were sterilized
in autoclaved distilled water and cultured.

Media preparation and culture conditions: All the In
vitro work was carried out on MS medium (Murashige
& Skoog, 1962). For the preparation of MS medium,
exact quantities of all the components of medium were
mixed. 30g sucrose was added and final volume of the
medium (1 L) was made by the addition of double
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distilled water. The pH of the medium was adjusted
between 5.7-5.8 by adding drops of 1N HCI and 1N
NaOH. Medium was solidified with 0.8% agar. The MS
medium was heated on hot plate to melt the agar.
Finally, the medium was autoclaved at 15 psi for 15
minutes at 121°C. The medium was then poured into
petri plates as well as in test tubes and kept in laminar
hood. Cultures were then placed in growth chamber at
25°C with a photoperiod of 16 hours light. Light
intensity was maintained upto 2500 lux.

Callus induction: All types of explant (Nucellus tissue,
SAM and nodal segments) were cultured on MS medium
supplemented with different concentrations of PGHs.
Four different combinations (16 treatments) as shown in
table 1 were tested to find the optimal medium for callus
induction in all three explants. All cultures were
incubated at 25+1°C with a 16/8 hours photoperiod. Light
intensity was maintained upto 2500 Lux.

Callus regeneration: The smooth compact calli obtained
from all three explants were divided and cultured on MS
medium  containing  different concentrations and
combinations of phytohormones (Table 2) to check its
response for regeneration.

Direct regeneration: MS medium was also supplemented
with different concentrations of phytohormones for direct
organogenesis. Fifteen different concentrations of three
different combinations (Tables 3 & 4) were tested to
explore the best medium for shoot induction and the
number of shoots per explants respectively in all three
types of explants.

Rooting of regenerated shoots: The shoots which were
regenerated were separated and cultured on MS medium
containing different concentrations (0.5, 1.0, 1.5, 2.0, 2.5
mg/l) of NAA and IBA as shown in table 5 to find the
best medium for rooting.

Table 1. Effect of different medium compositions for callus induction in Citrus reticulata L. age of cultures: 4 weeks.

Treatment Media Conc. No. of explants No. of test tubes showing callus induction
(mg/l) cultured Nucellus tissue | SAM* I N.S”
C1 2.0 + 500 10 6.0 + 0.2640c 5.0 £ 0.250% 3.0 £0.902f
C2 MS +2,4-D+ 3.0 +500 10 7.0 £0.110%¢ 5.5 +0.208% 3.5+0.513¢
Cs malt extract 4.0 +500 10 7.5 +0.310%® 5.8 + 0.2620<d 45 + 1.3220%f
Ca 5.0 + 500 10 8.0 +£0.5252 6.0 + 1.731bcd 5.0 +1.732%
Cs 1.0+5.0 10 8.8 £0.9842 5.0 £0.251% 4.4 +1.969%
Cs MS+2,4-D + 20+3.0 10 8.0 £0.490? 4.2 +1.058% 3.6 £0.692¢%
Cr BAP 3.0+20 10 6.2 +0.070° 3.6 +£0.610% 2.7+0.519¢
Cs 50+1.0 10 9.0 £ 0.624° 5.8 +£0.201% 5.6 +£0.171bd
Co 1.0+05 10 6.0 £0.941b¢ 3.8 £0.346% 3.2+0.261
Cuo MS+2,4-D + 15+1.0 10 6.8 £ 0.241% 4.8 +£0.721% 3.6 £ 0.529
Cu Kin 20+15 10 7.2+0.7228 5.6 +£0.872« 5.5 +0.651¢
Cr 3.0+2.0 10 5.0 +0.438¢ 4.0 +0.380° 3.0 £ 0.556
Cis 05+05 10 8.2 +£0.180? 4.4 +0.374% 3.8 +0.191¢
Cus MS + BAP + 05+1.0 10 6.2 +0.330° 3.0 £0.296¢ 2.6 £0.377¢
Cis NAA 10+15 10 5.8 +0.485° 2.8 £0.826° 2.2+0.105
Cis 1.0+20 10 4.8 +0.341° 1.5 +0.824°¢ 1.4 +0.1459

SAM™: Shoot apical meristem, N.S™: Nodal segments
Mean followed by different letters in the same column differ significantly at p= 0.05 according to Duncan’s new multiple range test
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Table 2. Effect of different medium compositions on shoot induction percentage via indirect organogenesis in
Citrus reticulata L. age of cultures: 4 weeks.
Treatment Media Conc. No. of explants No. of test tubes showing shoot induction
(mg/l) cultured Nucellus tissue | SAM” | N.S*
N1 0.5+500 10 45+0.231° 2.0+0.103¢ 1.4 +0.590f
N2 MS + BAP + 1.0+500 10 3.8 £0.530° 1.8 +0.180°f 1.2+£0.121
Ns malt extract 1.5+500 10 3.2£0.295¢ 1.2 £0.3059 1.0 £0.1539
N4 2.0+500 10 2.6 +0.550¢ 1.0 £ 0.1539 1.0 £0.2309
Ns 0.5+500 10 4.0+0.780° 1.7 £0.710« 1.4 £0.210«
Ns MS + Kin + 1.0+500 10 4.2 +0.395° 1.8 £0.076° 1.4 +0.551%
N7 malt extract 1.5+500 10 4.6 +0.290° 2.0 £0.180° 1.6 + 0.480°de
Ns 2.0+500 10 3.2+£0.214° 1.2 +0.425¢ 1.0 £0.152¢
Ng 1.0+0.5 10 3.4 +0.895b¢de 2.8 +0.3619%f 2.4 +0.300°
N1o MS + BAP+ 2.0+0.5 10 4.0 +0.8802° 3.6 £ 0.4360 3.2 £ 0.410cdef
Ni1 NAA 3.0+0.5 10 4.4 +0.574%® 4.0 +0.780%¢ 4.8 +£0.5712
N1z 4.0+0.5 10 3.0 +1.002%¢ 2.2+0.121° 3.4 + 0.305bcde

SAM™: Shoot apical meristem, N.S™: Nodal segments
Mean followed by different letters in the same column differ significantly at p= 0.05 according to Duncan’s new multiple range test

Table 3. Effect of different medium compositions on shoot induction percentage via direct organogenesis in
Citrus reticulata L. age of culture: 4 weeks.

Treatment Media Conc. No. of explants No. of test tubes showing shoot induction
(mg/l) cultured Nucellus tissue | SAM” | N.S*
M1 0.25 10 7.2 £0.229¢ 6.5 + 0.2641 5.0 £0.790"
M2 0.5 10 8.0 £ 0.305% 7.8 £0.761°% 6.0 £ 0.5519
M3 MS + BAP 1.0 10 9.2+0.1732 9.0 +0.551® 8.2 +0.270«
Ma 15 10 8.6 +0.360%¢ 8.4 £ 0.5900 7.0 £0.712f
Ms 2.0 10 8.0 + 0.346% 7.8 £0.170% 6.2 +0.0769
Me 0.5 10 7.0 £ 0.210b< 6.2 + 0.430%f 4.5 +0.3909
M~ 0.75 10 7.2 £0.686% 6.4 + 0.195¢0f 5.6 £ 0.215
Ms MS + Kin 1.0 10 7.8 +0.445%® 7.0 £ 0.315b 6.5 + 0.641cde
Mo 1.5 10 8.4 +£0.750? 7.8 £0.430% 6.0 + 0.950°f
Mio 2.0 10 7.8 +£0.515%® 7.4 £0.130° 6.0 + 0.485°
M1 0.5+0.25+500 10 6.8 +0.361° 5.2 +0.566%¢ 4.0 +£0.3821%
M1z MS + BAP +  1.0+0.25+500 10 7.4 +0.557%® 5.8 +0.617° 5.4 +0.220«
Mis NAA + malt  1.0+0.5+500 10 8.0 £0.621° 7.2+0.518° 4.8 + 0.600%f
Vi extract 1.5+0.5+500 10 7.0 £0.262° 6.6 +0.484° 4.4 +0.271°%
Mis 2.0+0.5+500 10 5.6 £0.242° 5.0 +0.808% 3.8+0.1219

SAM": Shoot apical meristem, N.S™: Nodal segments

Mean followed by different letters in the same column differ significantly at p= 0.05 according to Duncan’s new multiple range test

Table 4. Effect of different medium compositions on shoot number per explant via direct organogenesis in
Citrus reticulata L. age of culture: 11 weeks.

. Conc. No. of explants No. of shoots per explant
Treatment Media (mg/l) cultured Nucellus tissue | SAM” I N.S*
M1 0.25 10 2.0 +1.000% 3.0 £0.925° 3.0+0.091°
M2 0.5 10 3.0 +£2.000° 6.0 £ 0.9022 5.0 £ 0.0982
Ms MS + BAP 1.0 10 2.0 £0.057% 5.0 £ 1.0002 3.0 +1.000°
Ma 1.5 10 2.0 +0.125% 3.0 +2.000° 2.0 +0.053%
Ms 2.0 10 2.0 +1.000%¢ 2.0 +0.152b¢ 1.0 £ 0.005¢
Me 0.5 10 2.0 £0.152¢ 3.0 +0.060% 3.0 £0.925%
Mz 0.75 10 2.0 £0.503° 3.0 £0.057% 4.0 +0.060°
Ms MS + Kin 1.0 10 3.0 £0.901%¢ 4.0 +0.153° 3.0 +1.000%
Mo 15 10 4.0 +0.950° 7.0 £0.9512 6.0 £ 2.0002
Mo 2.0 10 2.0 £0.951° 4.0 +0.058° 4.0 +0.058°
M1 0.5+0.25+500 10 2.0 £0.057¢ 4.0 +0.115b 3.0 +0.086%
M1z MS + BAP +  1.0+0.25+500 10 3.0 £1.050¢ 5.0 +0.854%¢ 4.0 £ 0.075b
Mis NAA + malt  1.0+0.5+500 10 4.0 +0.0580< 7.0 £2.000? 5.0 £ 1.000%®
M4 extract 1.5+0.5+500 10 2.0 +1.0004 5.0 +0.155%%¢ 5.0 +0.09130¢
Mis 2.0+0.5+500 10 2.0 £0.152¢ 4.0 +0.058% 3.0 +0.163%

SAM”: Shoot apical meristem, N.S*: Nodal segments
Mean followed by different letters in the same column differ significantly at p= 0.05 according to Duncan’s new multiple range test
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Table 5. Effect of different medium compositions on root induction percentage in Citrus reticulata L. age of culture: 4 weeks.

Treatment Media Conc. No. of explants No. of test tubes showing root induction
(mg/l) cultured Nucellus tissue | SAM* | N.S*
R1 0.5 10 6.6 + 0.458¢% 5.2 +0.2159 5.8 +0.4011
R2 1.0 10 6.8 £0.715% 5.6 + 0.2969 6.4 +0.210¢
Rs MS + NAA 15 10 8.2 + 0.080% 7.8 £0.247% 7.0 £0.952¢%
R4 2.0 10 8.8 +0.550? 6.4 £ 0.410¢ 8.0 £ 0.458°
Rs 2.5 10 8.5 +0.371% 7.2 £0.095% 6.5 + 0.315%f
Re 0.5 10 6.0 £ 0.414° 5.0 +0.264" 5.2+0.3519"
R7 1.0 10 6.2 £ 0.195% 5.4 +0.195f" 5.8 +0.180°%
Rs MS + IBA 15 10 8.0 £0.980° 5.8 + 0.305° 7.8 £0.095%
Ro 2.0 10 7.2 +£0.231%c 6.2 +0.200% 6.9 + 0.390«
Rio 2.5 10 7.0 £ 0.950% 5.0 £0.7029" 5.4 +0.451°"

SAM”: Shoot apical meristem, N.S™: Nodal segments

Table 6. Effect of different potting mixtures on the survival of plantlets of Citrus reticulata L.

Frequency of acclimatization of

Age of plantlets

Sr.No.  Treatments plantlets in pots (weeks)
1. Soil + Sand (1:1) 80 12
2. Sand + Peat moss (2:1) 100 12
3. Sand + Soil + Peat moss (1:1:1) 85 12
4, Cowdung + Soil + Perlite (1:1:1) 96 12

Acclimatization: The plantlets with good root and shoot
system were successfully acclimatized in different types
of potting mixtures. Plantlets were removed from the
culture jars and cleaned with sterile distilled water to
remove all the remains of growth medium from the roots.
The plantlets were then planted in plastic pots filled with
different combinations (Sand + Soil (1:1), Sand + Peat
moss (2:1), sand + soil + Peat moss (1:1:1) and cowdung
+ soil + perlite (1:1:1) hardening mixture. The plantlets
were then covered with plastic sheets for 15 days and then
cover was removed gradually. The acclimatization
process was continued for almost 12 weeks.

Statistical analysis:

All the experiments were laid out in completely
randomized design arrangements of treatments. All
treatments were replicated three times with ten explants
per treatments. To detect the significant difference
between means, the collected data was subjected to
analysis of variance. Statistical analysis was done using
STATISTICS 8.1 and Microsoft excel 2007 software.

Results and Discussions

Effect of different medium compositions on callus
induction in Kinnow mandarin: It is evident from the
(Fig. 1) that Kinnow mandarin can be In vitro propagated
via indirect as well as direct organogenesis. Table 1
shows that MS medium containing different
concentrations of PGHs to find the best medium for callus
induction. MS medium was supplemented with different
concentrations of 2,4-D and malt extract and it was found
that when MS medium was supplemented with 5 mg/I
2,4-D and 500 mg/l malt extract, the best response for

callus induction was obtained which was 80%, 60% and
50% in nucellus tissue, SAM and nodal segments explants
respectively. Findings of Kenia et al., (2006) reaffirm our
results who reported that 2,4-D is indispensable for callus
initiation and proliferation. Similarly, Sani & Mustapha
(2010) also reported 2,4-D as best phytohormone for
callus induction. It was found that Malt extract was an
essential substance for callus initiation with asexual
embryogenic potential (Tisseret & Murashige, 1977).
Similar types of results were reported in “Ponkan”
mandarin (Chen et al., 1990) as well as in other citrus
cultivars (Pimental & Villegas, 1993). Therefore, it is
considered that malt extract is necessary to add in all
citruscallus induction media.

Among different concentrations of 2,4-D and BAP,
best results were obtained at 5 mg/l 2,4-D and 1 mg/I
BAP i.e., 90% in nucellus tissue, 58% in SAM and 56%
in nodal segments. Our observations are also in line with
Kazmi et al., (2015) who reported similar findings in an
attempt to find the effect of various phytohormones for
callus induction. For callogenesis, MS medium was also
supplemented with varying conc. of 2,4-D and Kinetin
and Ci1; medium was found to be best regardless to the
type of explants. Similar findings were obtained by Al-
Taha et al, (2012) who reported successful
embryogeniccalli in  Citrus sinensis. BAP in
combination with NAA was also tried for callus
induction and best results for callus induction was
obtained in MS medium containing 0.5 mg/l BAP and
0.5 mg/l NAA. Further increase in concentration of
either BAP or NAA, the rate of callus induction was
decreased in all three types of explants. Singh et al.,
(2013) also reported that concentration of NAA at 0.5
mg/l and 0.5 mg/l BAP was most effective in callus
initiation in Citrus jambhiri, thus confirming our results.
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Fig. 1. Time line of In vitro regeneration ofKinnow mandarin
via direct and indirect organogenesis. a, Nodal segment callus;
b, SAM callus; c, Nucellus callus; d, Indirect regeneration; e &

f, Direct regeneration from nodal segments; g, Direct
regeneration from nucellus tissue; h & i, Direct regeneration
from SAM,; j, Plantlets acclimatization.
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Effect of different medium compositions on indirect
regeneration: Table 2 shows that MS medium was
supplemented with different concentrations of three
different combinations of phytohormones to find the
optimal medium for regeneration from the calli obtained
from all three types of explants. MS medium was
supplemented with BAP and malt extract and it was
found that 0.5 mg/l BAP and 500 mg/l malt extract was
most suitable for indirect regeneration. Comparable
results were obtained by other scientists in their research
work on pummelo and mandarin (Begum et al., 2003;
Sarma et al., 2011). Kinetin in combination with malt
extract was also tested and it was found that N; medium
(1.5 mg/l Kin + 500 mg/l malt extract) showed best
response. At this concentration the rate of shoot
induction was 46%, 20% and 16% from the calli
obtained from nucellus tissue, SAM and nodal segments
respectively. Some studies have shown that use of BAP
alone is the better treatment for shoot regeneration in
different Citrus spp. (Raman et al., 1992; Costa etal.,
2002). There are some reports which indicate that Kin is
better PGH for shoot regeneration (Rahaman et al.,
1996). For indirect organogenesis, MS medium was also
supplemented with BAP and NAA and best results were
obtained at 3 mg/l BAP and 0.5 mg/l NAA i.e., 44%,
40% and 48% in calli obtained from nucellus tissue,
SAM and nodal segments explants respectively.
Inclusion of auxin in the medium has been found to be
beneficial for shoot induction in many cases (Chaturvedi
& Mitra, 1974; Bhansali & Arya, 1978). The findings of
Negpal et al., (2010) reaffirm our finding who also
report best callus regeneration response (71%) with
nodal segments derived calli cultured on MS medium
containing 3 mg/l BAP and 0.5 mg/l NAA.

Effect of different medium compositions on shoot
induction percentage and number of shoots per
explant via direct organogenesis in Kinnow mandarin:
It was shown in table 3 that MS medium was
supplemented with varying concentrations of different
combinations to explore the best medium for shoot
induction via direct organogenesis. Data presented in
table 3 showed that by increasing or decreasing the
concentration of BAP beyond 1 mg/l, declined in the
shoot induction percentage. At this concentration, shoot
induction percentage was 92% in nucellus tissue, 90% in
SAM and 82% in nodal segments explants. Similar results
were obtained by Mukhtar et al., (2005) who reported that
1 mg/l BAP was most effective in shoot induction
percentage by using shoot apical meristem and nodal
segments. The results are also in confirmation with the
results of Kim et al., (2002) and Vestri et al., (2003) that
varying the concentrations of different phytohormones
appreciably influences the shoot formation percentage in
citrus species. BAP at different concentration has been the
most commonly used for shoot induction percentage and
multiplication of citrus cultivars (Carimi et al., 2003).
BAP is more effective for regeneration percentage as
compared to Kinetin described by various scientists
(Moreira-Dias et al., 2001; Almeida et al., 2002; Silva et
al., 2005 and Germana et al., 2011).
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Different concentrations of Kinetin were also
supplemented in MS medium for shoot induction and
better results for shoot induction was obtained at the
concentration of 1.5 mg/l. Mukhtar et al., (2005) also
reported that 1.5 mg/l was most efficient for
regeneration percentage. Hassanein & Azooz (2003)
demonstrated that Kinetin was effective for
regeneration of Citrus reticulata via In vitro seed
germination as well as for shoot cuttings. Shoot
formation percentage was less in presence of Kinetin as
compared to BAP (Molina et al., 2007). When MS
medium with various concentrations of BAP + NAA+
Malt extract was used, the concentration 1 mg/l BAP +
0.5 mg/l NAA and 500 mg/l Malt extract showed 80%,
72% and 48% shoot induction from nucellus tissue,
SAM and nodal segment explants  used.
Supplementation of the MS medium with a cytokinins
and auxins combination has produced the contrasting
result regarding the organogenesis of citrus. While
some scientists reported that NAA in combination with
BAP was fundamental for callus initiation and bud
formation (Bordon et al., 2000; Ghorbel et al., 2000;
Almeida et al., 2003).

Data presented in (Table 4) showed that MS medium
supplemented with varying concentrations of different
combinations were used to check the response for number
of shoots per explant. Data found in table 4 showed that
further increase or decrease in concentration of BAP
beyond 0.5 mg/l did not show good results for shoots
number per explants. Our findings were in agreement
with that of Mukhtar et al., (2005) who obtained highest
number of shoots per explants by using shoot apical
meristem followed by nodal segments. Al-Khayri & Al-
Bahray (2001) also obtained similar types of results. MS
medium containing different concentrations of Kinetin
were also tested and better response for shoots number
per explants was obtained at 1.5 mg/l. At this conc.,
shoots number per explants was 4, 7 and 6 in nucellus
tissue, SAM and nodal segments explants. The findings of
Mukhtar et al., (2005) reaffirmed the present study who
successfully obtained maximum shoots number per
explants using shoot apical meristem and nodal segments
at 1.5 mg/l concentration of Kinetin. Different
concentrations of BAP, NAA and malt extract were also
tested for shoot number per explants. Best result in this
combination was obtained in M1z medium. At this shoot
number per explants was 4, 7 and 5 in nucellus tissue,
SAM and nodal segment explants respectively. Our
results did agree with Haripyaree et al., (2011) who
reported the maximum number of shoots per explant
when MS medium was supplemented with BAP at 0.25
mg/l and NAA at 0.5 mg/I.

Effect of different medium compositions on root
induction percentage in Kinnow mandarin: MS
medium was also supplemented with different
concentrations of auxins such as NAA and IBA to
explore the best medium for root induction (Table 5).
Data presented in (Table 5) showed that by increasing or
decreasing the concentration of NAA beyond 2 mg/l
declined in the root induction. At this concentration, rate
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of root induction was 88% in nucellus tissue, 64% in
SAM and 80% in nodal segments explants. While for
SAM, best results for root induction (78%) was obtained
when MS medium was supplemented with 1.5 mg/I
NAA. These results are in conformity with the Kim
(2002), who noted that basal media containing 1.5 mg/I
NAA was found to be most suitable for In vitro root
initiation in mandarin. Similarly, Cheong et al., (2003)
also got the same result that by increasing level of
various auxins such as NAA and IBA in the media. For
rooting MS medium was also supplemented with
varying concentrations of IBA and it was found that 1.5
mg/l concentration of IBA showed best results for root
induction i.e., 80%, 58% and 78% in nucellus tissue,
SAM and nodal segments respectively. Haripyaree et al.,
(2011) reaffirmed the present study who successfully
achieved root induction when MS medium was
supplemented with IBA at 1.5 mg/l. Ling et al., (2002)
and Chandra et al., (2003) observed good root formation
percentage when supplemented with auxins.

Effect of different potting mixtures on the survival of
plantlets in Kinnow mandarin: In vitro rooted explants
of Citrus reticulate were removed from the rooting
medium and detached from the adhering gel (Table 6).
Then they were shifted into plastic pots in 4 different
types of potting mixtures. The plants were then covered
with polypropylene sheets. The polypropylene sheets
were slowly removed after a period of almost 2 weeks.
The process of acclimatization was continued for almost 3
months. The highest survival rate was achieved (100%) in
potting mixture containing sand and peat moss (2:1)
followed by the soil, perlite and cowdung (1:1:1). The
percentage of success during acclimatization was 85% by
using sand, peat moss and soil (1:1:1).The findings of Al-
Taha et al.,, (2012) also supported our results who
reported that plantlets which were obtained and
transferred to potting mixture containing sand and peat
moss and maximum survival rate (100%) was achieved.

Conclusion

The results of present investigation standardize the
protocols for callogenesis, direct and indirect
organogenesis ultimately leading to efficient plantlets
regeneration from nucellus tissue, SAM and nodal
segments in Citrus reticulata L. In the present study, we
established regeneration protocols for Citrus reticulata
that could be used in future to transgene and enhance the
commercial values of Citrus reticulata L. The techniques
established in present study can also be tried for other
fruit crops which are difficult to propagate through
conventional methods.
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