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/ Abstract:-Balady mandarin (Citrus. reticulata), belongs to family Rutaceae, is one of the ancestral species of \
citrus, widely grown in the tropical and subtropical areas. Virus and viroids have been recognized as serious
problem limiting the vigor, yield and quality of citrus. These diseases are graft transmissible through infected bud
sticks. So, obtained of disease-free plants is imperative to provide certified microscions to the growers and to
encourage the planting of grafts instead of seedlings. Micrografting is one of virus-free plant production methods,
but, it is complex and its successful percent is low especially it is followed by acclimatization stage. Our paper is thi
first one to examine producing virus-free microscions via in vitro propagation of vegetative nucellar embryos and
examine in vitro treatments which may affect microshoots propagation and successful of grafting the in vitro
producing microscions on volkamariana rootstock in greenhouse. Firstly, the sexual nucellar embryo was
determined using RAPD marker. Genetic analysis proved that Sth nucellar embryo (the youngest) is differed than
the other four embryos. The similarity between them was 84%. Cytokinin types and concentrations affected
multiplication of asexual nucellar embryos of Balady mandarin, the highest significant shoot number/explant
through second subculture resulted from the explants cultured on MS medium supplemented with 0.75 and 1.00
mg/l BAP (8.80 and 5.60 shoots/explant, respectively). Concerning grafting of in vitro produced microscions in
greenhouse, after 45 days of grafting in greenhouse, Balady mandarin scions (microscions) derived from MS
medium supplemented with 1.0mg/l Kin or 0.75 mg/l AS maximized successful grafts percentage (37 and 33%
successful grafts, respectively). Also, auxin types and concentrations affected successful grafting, microscions
derived from MS supplemented with 0.5 mg/l IAA or 0.5 mg/l NAA gave the highest percentage of successful graftp
followed by 1.0 mg/l IBA and control (57, 57, 55 and 30% successful grafts, respectively). Microscions derived
from MS medium supplemented with 0.6 mg/l PP333 gave the highest percentage of successful grafts 88.77%.
Diameter of rootstock and method of grafting also affected grafting successful percent. Producing of microscions in
vitro is good tool for producing virus-free plantlet of Balady mandarin.

Keywords: Citrus reticulate, grafting, micropropagation, cytokinins, auxins, growth retardant, rootstock, grafting
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INTRODUCTION

Balady mandarin (Citrus reticulata), belongs to
family Rutaceae, is one of the ancestral species of citrus,
widely grown in the tropical and subtropical areas. It is a

good source of vitamin C and is usually eaten plain or in fruit

salads. Among the citrus fruits, mandarin has gained high
popularity and is commercially cultivated for its processing
quality, fresh consumption and aromatic flavor (Sarma et al.,
2011). Citrus orchards and nurseries survey based on the
characteristic symptoms expression and serological
indexing reported that the major virus, viroid and
prokaryotic diseases and its average incidence commonly
observed were citrus tristeza closterovirus (CTV) (27%),
citrus variegation virus (CVV) (31%), citrus exocortis viroid

Ebtsam M. Hamza ' Ahmed A. Nower ' Ramadan Aboseree Sayed

(CEVd) (16%), citrus cachexia viroid (CCVd) (xyloprosis)
(4%), citrus greening (Liberibacter spp.) (4%) and stubborn
(Spiroplasma  citri) 2%. These diseases are graft
transmissible through infected bud sticks. So, augmentation
of disease-free foundation plants is imperative to provide
certified bud sticks to the growers and to encourage the
planting of grafts instead of seedlings (Mukhopadhyay et al.,
1997 and Arif et al., 2005)

Pathogen-free citrus selections; including virus-
free plants, have been obtained by nucellar embryony
culture, nucellar tissue culture, thermotherapy, clonal
selection, indexing, and by shoot-tip grafting (STG) (Bitters
et al., 1972, Roistacher et al., 1976 and Singh et al., 2008).
Micropropagation of shoot tips has been successfully
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employed to produce virus-free plants in citrus (Navarro et
al., 1975, Navarro and Juarez 1977; De-Lange, 1978,
Navarro, 1981 and 1984 and Carvalho et al, 2002) On the
other hand, Panattoni et al., (2013) reported that tissue
culture wusually adopted to regenerate plants in
biotechnological breeding programs, representes the less
used tool for elemenate viruses from plants.

Citrus could be propagated by seeds, grafting,
budding, layering or cuttings (Williamson and Jakson,

1994). Apomictic embryos arising from the nucellar tissue
give rise to seedlings which are genetically identical to seed
parents thus yielding uniform off spring for propagation
(Ruiz et al., 2000). But determination of the sexual embryo is
required for save production of true to type seedlings if
nucellar ones are used as initial explant in tissue culture. In
the past, various techniques were used to distinguish nucellar
seedlings from sexual zygotic ones viz. colorimetric assays,
infrared spectroscopy, enzymatic darkening of polyphenols,
chromatography and isozyme pattern analysis, until the
discovery of DNA based markers, isozyme analysis
remained the widely used technique for sorting out zygotic
seedlings, since it is a fast and cheap methodology(Rao et al.,
2008). Zygotic embryos of some citrus varities were
determined by using various DNA based marker systems
such as RAPD, AFLP and SSR (Ruiz et al., 2000, Yaly et al.,
2011 and Ahmad et al., 2012). Seedlings classified as zygotic
have a different RAPD profile from that of the mother plant
or nucellar seedlings. Small embryos located at the
micropylar end of the seed do not always produce zygotic
seedlings. (Andrade-Rodriguez et. al., 2004).

Cytokinins and auxins are the two most important
plant growth regulators used in plant tissue culture. There are
relative effects of auxin and cytokinin ratio on
morphogenesis of cultured tissues. BAP, at different
concentrations, has been the most commonly used cytokinin
for multiplication of citrus shoots (Skoog and Miller 1957,
Kotsias and Roussos 2001 and Carimi and De Pasquale
2003). It was seen that BAP alone was found to be effective
in multiple shoot induction from nucellar embryo explants in
C. limonia (Jajoo, 2010). Studies on in vitro shoot
regeneration of C. reticulate are rare. A protocoal for shoot
regeneration from cotyledonary segments of in vitro grown
seedlings was established; BAP had great influence in the
shoot proliferation stage (Sarma et al., 2011

Grafting technique is determined as joining and
unite pieces of living tissues from different plants. So, they
will fuse to form and function as one plant. One of the most
important keys to successful budding and grafting is properly
positioning scion on the rootstock. Grafting methods
include, wedge grafting or cleft grafting, saddle grafting,
side veneer or side cleft grafting, epicotyl grafting, splice
grafting and whip or tongue grafting (Elam, 1997).

Micrografting is a technique that potentially can
combine the advantages of rapid in vitro multiplication with
the increased productivity that results from grafting superior
rootstock and scion combinations (Gebhardt and Goldbach,
1988). The relationship between grafting success and
optimum scion size has been reported by Onay et al., (2004).
Micrografting success ranged between 26.7% to 51.88%. in
kinnow mandarin.(Naz et al., 2007 and Singh et al., 2008).

Production of Gardenia. jasminoides scions in vitro and use
it for grafting on G. thunbergia rootstock in greenhouse is
established with high successive percent (100%). This
method decrease production coast because it does not need to
rooting stage and the percent of successive grafting in
greenhouse is higher than in vitro micrografting (Nower and
Hamza, 2013).

Citrus can be micropropagated via tissue culture
techniques, but it has not been a commercial method. The
main aim of micropropagation is production of virus-free
plantlets through micrografting technique, but, percentage of
micrografting success is so low and the successive plantlets
need further to be acclimatized with another loss percent. So,
the aim of this paper is to determine zygotic embryo
genetically and use asexual nucellar embryos which is free of
viruses to establish an efficient in vitro propagation protocol
for producing free-virus and hard microshoots of Baalady
mandarin for using these microshoots as scions to be grafted
directly on rootstock cultured and grown in greenhouse as a
commercial method. Also, examine the effect of various
factors which may affect the grafting successful percent of in
vitro produced microscions in greenhouse.

MATERIALS AND METHODS

This study was carried out during the period from
2010 to 2013 in the laboratory of Plant Biotechnology
Department, Genetic Engineering and Biotechnology
Research Institute (GEBRI), Sadat City University, Egypt.

Plant Materials:

Mother plants is planted in the farm of Ali Moubark
Experimental Farm, El bostan, Behera Governorate, Egypt.
Seeds of Balady mandarin were used as initial explants for
tissue culture and nucellar embryos were used as explant for
micropropagation.

Seeds sterilization:

Balady mandarin seeds were divided to two groups;
fresh separated seeds and seeds inside fruit. Fresh separated
seeds were sterilized by 3.5% NaOCl (v/v) with continuous
agitation for 15 min. The sterilizing solution was decanted
and explants were washed by distilled sterilized water 3
times (5 min., each), then, dipped in 70% ethanol for 5 sec
(chemical method). While, seeds inside fruits group was
burned for a few seconds after spray with 75% ethanol in the
laminar air flow (flamed method by Xiao et al., 2004 and
Nower 2013) and opened with scalpel for separating seeds,
then all seeds were cultured in culture jars contained 50ml
MS basal medium (Murashige and Skoog, 1962). Each
treatment contained 10 replicates (10 jars) and each replicate
contained six seed Sterilized seeds number, number of
germinated seeds and germinated embryos per seed were
recorded after 21, 42, 63, 83, 93 and 103 days.

DNA Finger Print:

In vitro Balady mandarin germinated embryos of
ten seeds were arranged from the tallest to the shortest and
labeled from Ist, 2nd, 3rd, 4th to 5th according to its tall (Fig.
1). Finger print of the five germinated embryos were done for
determine the sexual embryo.
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DNA isolation: Total genomic DNA was isolated from each
embryo which was germinated in vitro using the CTAB
(hexadecyltrimethylammonium-bromide) method (Doyle
and Doyle (1990) with few modifications.

2 4 o
Nucellar emberyvos Frxwal

emberyo

1

Fig. 1: Germinated embryo of Balady mandarin
arranged according to its tall DNA Data analysis.

PCR Amplification and Electrophoresis:
RAPD markers: Nine decamer primers (OP-A12,
OP-A17, OP-A18, OP-B12, OP-N16, OP-S147, OP-S238
and OP-S253) were employed on five samples of DNA of
germinated embryos. PCR mixture was performed in a total
volume of 25 pL, containing 50ng of template DNA, 1 uM of
single primer, 1.2 U Taq DNA polymerase (Bangalore Genei,
India), 0.40uM of each dNTP, 1.5 mM MgCl2, 10 mM
Tris-HCl, and 50 mM KCl. The mixture

illumination.assembled on ice and amplification was
performed for 45 cycles, using Biometra thermo cycler, as
follow: one cycle at 92C° for 2 min. and then 44 cycles at
92C° for 30sec., 35C° for 60 sec. and 72C° for 2min.(for
denaturation, annealing and extension, respectively).
Reactions were finally incubated at 72C° for 10min and
stored at 4 C° until separation by electrophoresis. All primers
used were 10-mer random oligonucleotide sequences (Table,
2). Amplification products were separated by electrophoresis
(5V cm-1) in 1.5% agarose gels and stained with ethidium
bromide. A photographic record was taken under UV Only
clear and repeatable amplification products were scored as 1
for present bands and 0 for absent ones. The specific bands
useful for identifying species and cultivars were named with
a primer number followed by the approximate size of the
amplified fragment in base pairs. Polymorphism was
calculated based on the presence or absence bands. The 0 or 1
data matrix was created and used to calculate the genetic
distance and similarity using 'Simqual', a subprogram of the
NTSYS-PC program (numerical taxonomy and multivariate
analysis system program) (Rohlf, 1993). The dendrogram
was constructed by using a distance matrix using the
unweighed pairgroup method with arithmetic average
(UPGMA) sub-program of NTSYS-PC.

was

Multiplication of nucellar embryos via tissue culture:
Shoot tips of nucellar embryos seedlings (asexual
embryos) of Balady mandarin were planted on MS medium
supplemented with different cytokinin types [ 6-
benzylamino purine (BAP), adenine sulphat (AS) and

kinetin (Kin)] and concentrations (0.0, 0.50, 0.75 and 1 mg/I
). Balady mandarin shoots were subculture every 30 days
into a fresh medium for two subcultures. Each treatment
contained 10 replicates (10 jars) and each replicate contained
five explants (about 2cm in length). The cultures were
incubated at a temperature of 25+2°C and 16h photoperiod
and light intensity 2000lux. Lateral or axilary shoot
number/explant and shoot length (cm) were observed and
recorded after each subculture.

Strengthen microshoots of Balady mandarin:

Produced microshoots (Shoot tips about 1.5 to 2cm
in tall ) of Balady mandarin resulted from multiplication
stage were cultured on MS medium supplemented with
various cytokinin types (BAP, Kin and AS) at different
concentrations (0.0, 0.50, 0.75 and 1mg/l), various auxin
types (NAA, IAA and IBA) at different concentrations (0.0,
0.5, 1.0 and 2.0 mg/1) or paclobutrazol (PP333) at different
concentrations (0.0, 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 mg/l) for
one month before used as scions for grafting on
volkamariana rootstock grown in greenhouse. The cultures
were incubated as mention above. Each treatment contained
10 replicates (10 jars) and each replicate contained five
explants (shoots).

Grafting in greenhouse:

Preparation of rootstock: Volkamariana rootstock
seeds were cultured in a greenhouse in polyethylene pots
(15cm in diameter) three months before grafting.

Preparation of Scions: Microscions which resulted
from each treatment in vitro (cytokinin, auxin and PP333
treatments) have been grafted on volkamariana rootstock
grown in greenhouse (about 20cm in tall) by cleft grafting
(tip pen grafting) method. Also, the effect of different
concentration of PP333 in combination with various
diameter of volkamariana rootstock (3, 4 and Smm) and
using different grafting methods [cleft grafting (tip pen
grafting) or side cleft grafting (side pen grafting)] was
examined. Union region between scion and rootstock was
rounded by parafilm to fix them and decrease losing water.
Scion and union region were covered by polyethylene bags
which gradually removed. Each treatment contained 10
replicates and each replicate contained 10 plants. The
success of grafting in greenhouse of the in vitro produced
microshoots (pre-treated in vitro) was recorded after 45 days
of grafts. Also, microscion length and leaves number were
recorded.

Data Statistical Analysis:

All trails were designed in factorial completely
design. The least significance difference (L.S.D.) was used
to compare treatment means at 5% level of significance
according to method described by (Steel et al., 1997).

RESULTS AND DISCUSSION

Use asexual nucellar embryos which is free of
viruses to establish an efficient in vitro propagation protocol
for producing virus-free of Baalady mandarin, reported by
Bitters et al. (1972), Roistacher et al. (1976) and Singh et al.
(2008) who stated that pathogen-free citrus selections;
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including virus-free plants, have been obtained by nucellar
embryony culture, nucellar tissue culture, thermotherapy,
clonal selection, indexing, and by shoot-tip grafting (STG).

Seeds sterilization:

Results in Table (1) and Fig. (2) showed that flamed
method in all periods after cultivation were significantly
maximized number and percentage of sterilized seeds (6
seeds and 100%, respectively). Number of germinated seeds
increased with increasing time after culture. Method of
sterilization affected number of germinated seeds. Flamed
sterilization method after 93 and 103 days of cultivation
possessed the highest germinated seeds number (5.40
germinated seeds). Also, number of germinated embryos per
seed was affected by both method of sterilization and time
after culture. The significantly highest number of germinated
embryos per seed (4.17 embryos/seed) was possessed by
flamed sterilization method after 103 days. These results
may be due to the effect of sterilization solution on seed
viability in chemical method while seed viability maximized
in flamed method as a result of saving it inside fruits. Also,
chemical and flamed sterilization methods are surface
disinfection and their success depend on if there are not any
systemic infection. These came in line with Ali and Mirza
(2006) reported that contamination percentage was
decreased from 55% to 40% when rough lemon fruits soaked
in 0.5% (v/v) solution of sodium hypochlorite for 10 minutes
after peeling (40%) compared with soaking in 1% (v/v)
sodium hypochlorite solution for 20 minutes before peeling
(55%). In another study, Tomaszewska-Sowa and Figas
(2011) stated that the sterilization method of yellow
everlasting Helichrysum aenarium (L.) in which the seeds
were immersed in 96% ethanol and fired over a flame burner
allowed 91.67% of sterile samples to be obtained, but further
development took place in only 37.5% of all embryos.

Table 1: Effect of sterilization methods and periods
after cultivation on seeds sterilization and embryos
germination of Balady mandarin in vitro.

Time after T Nicthods of
are No. ofsterilized seeds (%) N

g

o of germinated embryos/ seed
Chemical  [Flamed  [Mean(B)

Chemical | Flamed Mean(B)
4.0 (67 %) 6.0 (100 %) 5.0(83 %) 0.6 0.6 0.6 0.0 0.00 0.00
4.0 (67 %) 6.0 (100 %) 5.0(83 %) 32 34 33 0.66 0.83 0.75
4.0(67 %) 6.0 (100 %) 5.0(83 %) 3.6 5.0 43 1.00 133 117
4.0 (67 %) 6.0 (100 %) 5.0(83 %) 4.0 5.2 4.6 1.83 2.80 233
4.0 (67 %) 6.0 (100 %) 5.0(83 %) 42 54 4.8 2.67 333 3.00
4067 %) | 60(100 %) 5.0(83 %) 42 54 48 267 417 346
4.0 (67 %) 6.0 (100 %) 33 417 1.49 2.10

o |o o [o|o|o |22

Mean (A)
LSD at level 5%
A

0.5 0.6 0.48
NS 04 0.24

B 05 0.8 0.59

AxB

Fig. 2: Effect of sterilization methods on seeds sterilization
and embryos germination of Balady mandarin in vitro.

Determination of a sexual embryo by using RAPD
technique:

Results in Table (2) and Fig. (3) cleared that number
of amplified fragments of Balady mandarin embryos differed
according to used primer, i.e., amplified fragments number
ranged from 250 to 2000bp. Total amplified fragments of the
nine RAPD primers was 85 fragments with total amplified
fragments number 18 fragments and polymorphic percent
21%. There were four positive specific fragments (present);
were observed with OP-B12, and 14 negative specific
fragments (absent), all of them appeared in the 5th embryo.

Phylogenetic relationships among five samples of
Balady mandarin nucellar embryos based on RAPD
technique:

Similarity tree of germinated Balady mandarin
embryos (Fig., 4) indicated that the closest relationship was
scored between 1st, 2nd, 3rd and 4th embryos (nearly 100%).
While, similarity between all the tallest four embryos and the
Sth embryo was about 84%. These result cleared that the 5th
embryo (the shortest one) is the sexual embryo in Balady
mandarin seeds and the other embryos were vegetative
nucellar embryos (asexual embryos). In conclusion, the use
of RAPD marker allowed us to compare all germinated
embryos of Balady mandarin and determined the sexual one.
This result will be benefit in citrus breeding and propagation;
ie, determination sexual embryo can be help breeders in find
a source of variation in breeding programs, while it can help
in propagation by exclusion off type which results from
sexual embryo and production true to type seedlings through
asexual embryos. Results came in line with Ahmad et al.
(2012), EL-Mouei et al. (2011), Golein et al. (2011), Yaly et
al. (2011), Rao et al. (2008) and Andrade-Rodriguez et al.
(2004) who utilized molecular markers like RAPD, ISSR,
expressed sequence tag (EST)-SSR and SSR markers to
characterize the zygotic and nucellar seedlings in Citrus,
they stated that molecular markers are useful and efficient
tools in the identification of some cultivars.

Table 2: List of the RAPD primers sequences, number
of produced amplified fragments, monomorphic,
polymorphic, specific fragments and percentage of
polymorphism among Balady mandarin nucellar

embryos.
X Sequence Numbﬁr of Number nl. Number of N|{||‘b'e{ of .
Primers N N Amplified Monomorphic Polymorphic Spicific Polymorphic %
S o3 Fragments Fragments Fragments Fragments
OP-A01 CAGGCCCTTC 9 8 1 1" 11
OP-A12 TCGGCGATAG 7 4 3 3 43
OP-A17 GACCGCTTGT 8 6 2 2" 25
OP-A18 AGGTGACCG T 9 8 1 1" 11
OP-B12 CCTTGACGCA 12 8 4 4 33
OP-N16 AAGCGACCTG 9 8 1 1" 1
OP-S147 AGCTGCAGCC 10 8 2 2" 20
OP-8238 TGGTGGCGTT 8 8 0 0 0
OP-S253 GGCTGGTTCC 13 9 4 4" 31

Total 85 144" 21

o
&
=
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Fig. 3: Amplified fragments obtained from the DNAs of
five germinated embryos of Balady mandarin via
RAPD-PCR.

an
Similanity Yo based on RAPDPCR

cytokinin types and concentrations showed that, the highest
significant shoot number/explant through second subculture
resulted from the explant cultured on MS medium
supplemented with 0.75 and 1.00 mg/l BAP (8.80 and 5.60
shoots/explant, respectively). Results in Table (3) revealed
that shoot length was affected by different cytokinin types.
Kin resulted in the tallest shoots followed by AS and BAP
(4.40, 3.50 and 3.00 cm, respectively). Also, shoot length
was affected by concentrations of ctokinins, 0.50 mg/1
maximized shoot length (4.46 cm) while, 1.00 mg/l
minimized shoot length (2.26 cm). Interaction between
cytokinin types and concentrations conducted that 0.50 and
0.75 mg/1 kin and 0.50 mg/l AS resulted in the highest shoot
length (5.40, 5.00 and 4.40cm, respectively) with no
significant differences between them. These results may be
due to the high multiplication rate of BAP which lead to
orient all the force of cell for multiplication while elongation
may be observed in the low multiplication rate. Also,
endogenous content of auxin may be high because Balady
mandarin is dicoatyledon plant where an auxin synthesis in
lateral and axilary buds, so, it needs exogenous cytokinin to
reach the balance which is needed for multiplication. Results
came in line with Sarma et al. (2011) and Nower and Hamza
(2013) who stated that BAP was superior on other cytokinins
in

Table 3: Effect of cytokinin types and concentrations on
growth parameters of shoot tips derived from nucellar
embryos of Balady mandarin after 2nd subculture.

Cvtokinin Shoot hoot length (cm)
types (A) Cytokinin conc. (mg/l) (B)

Cytokinin conc. (mg/) (B) .
0.0 0.5 0.75 1.0 Mean(A) 0.0 0.5 0.75 1.0
BAP 1.0 32 8.8 5.6 4.65 4.2 3.6 2.8 14
AS 1.0 22 2.6 3.6 235 4.2 44 32 24 35
KIN 1.0 1.6 2.2 2.6 1.85 4.2 54 5.0 3.0 44

Mean (A)
30

Fig. 4: Similarity tree of germinated Balady mandarin
nucellar embryos.

Multiplication of asexual nucellar embryos via tissue
culture:

Many factors may be affect propagation of asexual
embryos in vitro, 1i.e., auxins, cytokinins, their
concentrations and the combination between them which
possess the balance between the two groups which
responsible the orientation of the response for shoot
formation or root formation or embryos induction and
differentiation. So, the effects of different concentrations of
auxin and cytokinin and cytokinin types and concentrations
on multiplication of asexual embryos (vegetative embryos
and true to type) of Balady mandarin derived from
germinated seeds in vitro were examined as follow:

Effect of cytokinin types (BAP, AS and kin) and
concentrations on shoots multiplication and shoot length of
asexual nucellar embryos of Balady mandarin after 2nd
subculture:

Table (3) and Fig. (5) indicated that cytokinins
types showed the same trend of the first subculture (not
presented), BAP was superior followed by AS and kin (4.46,
2.35 and 1.85 shoot/explant, respectively). The highest shoot
number per explant was observed on 0.75 and 1.00 mg/l, with
no significant difference between them. Interaction between

Mean (B) 1.0 3 4.5 3.93 42 4.48 3.67 2.27
LSD at level 5%

A 0.54 0.57
B 0.62 0.66
xB 1.09 114

A

1 .oomlg.f 1 AS

Fig. 5: Effect of cytokinin types and concentrations on
growth parameters of shoot tips derived from nucellar
embryos of Balady mandarin after 2nd subculture.

Grafting in greenhouse:

Effect of different concentrations of various
cytokinin types (BAP, Kin and AS) on grafting success of
microscions of Balady mandarin in greenhouse:

Data in Table (4) and Fig. (6) revealed that after 45
days of grafting, Balady mandarin scions (microscions)
derived from MS medium supplemented with 1.0mg/l Kin or
0.75 mg/l AS maximized successful grafts number (3.7 and
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3.3, respectively) and percentage (37 and 33%, respectively)
compared with control (3 and 30% successful grafts). The
highest number and percentage of dead grafts were observed
in Balady mandarin scions derived from MS medium
supplemented with 1.0mg/l BAP (9.3 and 93%).The highest
value of both scion length and leaves number/scion were
resulted from scions derived from MS medium
supplemented with 1.0 mg/l BAP (83cm and 6.3
leaves/scion, respectively). These results may be due to the
role of cytokinins in cell division which reflected in grafting
success through stimulation formation of grafting unions and
enhance scion growth. Results agree with Rafail and Mosleh
(2010) who reported that medium supplemented with 2 mg/1
BAP produced the highest grafting success percent (90%)
for apple, whereas medium supplemented with 1 and 2 mg/1
BAP gave the highest grafting success percent (90%) for
pear. This confirmed the value of using cytokinins to
improve grafting success by promoting and inducing callus
growth and the formation of graft union between rootstocks
and scions.

Table 4: Effect of cytokinin types (BAP, Kin and AS)
and concentrations (0.0, 0.5, 0.75 and 1mg/l) on
micrografting success of Balady mandarin in
greenhouse after 45 days.

i i grafts Leaves No./ | Scion length
(mg/)(B) No. %) No [ scion (cm)
Control 0.00 30 (30%) 70 |70%) 6.0 53
0.50 17 (17%) 83 |83%) 23 33
BAP 0.75 1.0 (10%) 9.0 |©00%) 63 83
1.00 0.7 (1%) 93 |©3%) 5.0 5.0
0.50 33 (33%) 67 |67%) 43 43
Kin 0.75 2.7 (27%) 73 |73%) 4.7 33
1.00 37 (37%) 63 |63%) 5.0 6.0
0.50 2.7 27%) 73 |73%) 43 37
AS 0.75 33 (33%) 67 |©67%) 33 33
1.00 2.0 (20%) 80 [80%) 5.0 8.0
LSD at level 5% 0.82 1.4 13 12

Cytokinintypes (A)

0.75 mg/l kin 0.5 mg/1AS 0.75 mg/1AS L0 mg/l AS

1.0 mg/i kin

Fig. 6: Effect of different cytokinin types (BAP, Kin and
AS) and concentrations (0.0, 0.5, 0.75 and 1.00 mg/l) on
micrografting success of Balady mandarin scions
derived from tissue culture grafted on volkamariana
rootstocks grown in greenhouse after 45 days.

Effect of different concentrations of various auxin
types (NAA, IAA and IBA) on grafting success of

microscions of Balady mandarin in greenhouse:

Data in Table (5) and Fig. (7) discuss the effect of
different auxin types (NAA, IAA and IBA) and
concentrations (0.0, 0.5, 1.0 and 2.0 mg/l) on micrografting
success of Balady mandarin scions derived from tissue
culture in greenhouse after 45 days. Data cleared that Balady
mandarin scions derived from MS medium supplemented
with 0.5 mg/l IAA or 0.5 mg/l NAA gave the highest
percentage of successful grafts (57%) followed by control
(30% successful grafts) The highest dead grafts and
percentage were observed in the scions derived from control
(7.0 and 70%, respectively). Scions derived from MS
medium supplemented with 1.00 or 2.00 mg/l IBA were
superior in leaves number (15 leaves/scion) followed by 0.5
and 1.00 mg/l NAA (12 and 13 leaves/scion, respectively).
The tallest scions resulted from scions derived from MS
medium supplemented with 0.5 or 1.00 mg/I IBA (10.00 and
9.00 cm, respectively). It is worth mentioning that scions
start to growth after 15 days of grafting process for all scions
derived from MS medium supplemented with various
concentrations of auxin types. Results may be due to the role
of auxin in cell division and elongation which observed in the
acceleration of graft union formation between volkamariana
rootstock and scions of Balady mandarin and the height of
scions which may result from the early beginning of scion
growth after formation of grafting union. Results agree with
Kotsias and Roussos (2001) and Carimi and De Pasquale
(2003) who reported that auxin and cytokinin are the
important growth regulators in plant tissue culture and they
are the responsible on cell division. Also, Moore (1984);
Aloni (1987), Aloni et al. (2010) and Pina and Eraaea (2005)
added that the relationships between scion and stock are
affected by growth regulators. In grafting, auxin which is
released from vascular strands of the stock and scion is an
important substance involved in the development of
compatible unions, and induces the differentiation of
vascular tissues, also, auxin is functioning as morphogenic
substances. The same result was obtained by Moghadam et
al. (2012) who reported that micrografting in companion
with optimal auxin treatment has the strong potential for
large scale production of this cactus and might be extended to
the propagation of other micrografted Cacti species.

Table 5: Effect of different auxin types and
concentrations on growth parameters of Balady
mandarin scions derived from tissue culture grafted on
volkamariana rootstocks grown in greenhouse after 45
days.

Concentration Successful grafts Dead grafts Leaves No./
(mg/l) No. (%) No. (%) scion (cm)
Control 0.00 3.0 (30%) 7.0 (70%) 9.00 8.00
050 57 (57%) 43 (43%) 12.00 7.67
NAA 1.00 43 (43%) 57 (57%) 13.00 8.00
2.00 43 (43%) 5.7 (57%) 7.00 8.00
050 5.7 (57%) 43 (43%) 10.00 8.00
1AA 1.00 4.7 (47%) 53 (53%) 10.00 6.00

2.00 43 (43%) 5.7 (57%) 9.00 6.00

Scion length

Auxin types

0.50 13 (13%) 8.7 (87%) 9.33 10.00
BA 1.00 5.5 (55%) 45 (45%) 15.00 9.00
2.00 43 (43%) 5.7 (57%) 15.00 7.00
LSD atlevel 5% | 1772 1538 158 1584




1.0mgN IAA 2.0mg1IAA 0.5mg/I TBA 1.0mg/l IBA 2.0me/l IBA

Fig. 7: Effect of different auxin types (NAA, IAA and
IBA) and concentrations (0.0, 0.5, 1.0 and 2.0 mg/l) on
growth parameters of Balady mandarin scions derived
from tissue culture grafted on volkamariana rootstocks

grown in greenhouse after 45 days.

Effect of different paclobutrazol (PP333) concentra
tions on success of Balady mandarin scions derived from
tissue culture grafted on volkamariana rootstocks grown in
greenhouse after 45 days of grafting:

Data in Table (6) and Fig. (8) concerning the effect
of different paclobutrazol (PP333) concentrations on
micrografting success of Balady mandarin scions derived
from tissue culture on greenhouse after 45 days of grafting.
Results cleared that scion derived from MS medium
supplemented with 0.6 mg/l PP333 gave the highest number
and percentage of successful grafts (8.8 and 88%)followed
by scion derived from MS media supplemented with 0.4 mg/l
PP333 (7.7 and 77%) and 1.0 mg/l PP333 (6.7and 67%)
compared with control (2.7 and 27%). Scion derived from
MS media supplemented with 0.0, 0.2, 0.4, and 0.6 mg/1
PP333 significantly maximized leaves number (5.0, 5.0, 4.5
and 4.3 leaves/graft, respectively) and scion length (5.1, 5.5,
4.5 and 4.7 cm, respectively).

Table 6: Effect of different paclobutrazol (PP333)
concentrations on micrografting success of Balady
mandarin scions derived from tissue culture grafted on
volkamariana rootstocks grown in greenhouse after 45
days of grafting.

Successful grafts Dead grafts
No. (%) No. (%)
Control 2.7 27 73 73 5.0 5.1
0.2 44 44 5.6 56 5.0 55
0.4 7.7 71 23 2 45 45
0.6 8.8 88 1.2 12 43 47
0.8 6.6 66 34 34 2.0 32
1.0 6.7 67 33 33 23 3.0
12 34 34 6.6 66 3.0 2.7
LSD at level 5% 1.242 0.9589 1.278 1.060

Scion length
(cm)

PPy conc. (mg/l)

Leaves No./
scion

Fig. 8: Effect of different paclobutrazol (PP333)
concentrations on micrografting success of Balady
mandarin scions derived from tissue culture grafted on
volkamariana rootstocks grown in greenhouse after 45
days of grafting.

Further, increase of the PP333 concentration from
0.8 to 1.2 mg/l PP333 decreasing number of leaves and scion
length. Results may be due to the ability of PP333, in low
concentrations, as antigibrillin to induce storage which may
save substances which needed to form grafts union. So,
PP333 could be useful in enhancement grafts successful.
Also, PP333 at the low concentration may be maximizing
leaves number and scion length because it is so diluted and
could be degradation quickly and have no negatively effects
on growth parameters. Results came in line with Nowello et
al. (1992) who stated that the conductivity of water from the
paclobutrazol-treated plants of Vitis vinifera was less than
that from untreated plantlets growing under 94% relative
humidity. It therefore appeared that paclobutrazol treatment
would make plantlets be able to withstand acclimatization
better. Kamountsis and Chronopoulou-Sereli (1999)
reported that Paclobutrazol affects the content of plant
growth regulators by inhibiting gibberellin synthesis,
reducing ethylene evolution, and increasing cytokinin level.
Effect of PP333 concentrations in vitro and volkamariana
rootstock diameter in vivo on success of pen tip and side pen
grafting method of scions of Balady mandarin derived from
tissue culture in greenhouse:

Tip pen grafting method

Data in Table (7) and Fig. (9) concerning the effect
of volkamariana  rootstock diameter and PP333
concentrations on success of pen tip grafting method of
Balady mandarin microscions derived from tissue culture on
greenhouse. Results revealed that the increase the PP333 the
maximum successful grafts. The maximum successful grafts
percentage (60% successful grafts) was obtained when
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microscions separated from shoots which were cultured on
MS medium supplemented with 0.80 mg/l PP333. On the
other hand, successful grafts number and percentage were
negatively affected by volkamariana rootstock diameters,

the highest successful percentage (48% successful grafts)
was obtained when rootstock diameter was 0.3 cm.
considering the effect of PP333 concentrations and rootstock
diameter on percentage of successful grafts,. Data cleared
that the highest successful grafts percentage (77%) was
obtained when microscions were derived from MS medium
supplemented with 0.8 mg/l PP333 and diameter of rootstock
was 0.3 cm. Results may be due to the more juvenile tissue of
rootstock with small diameter (0.3cm) and it may be
contained a suitable amount of cambium which enhance
grafting union formation. This agree with Elam (1997) who
stated that, It is essential to have good contact of cambium or
growing layer of the scion and rootstock as the success of
graft depends on cambium which is located just below the
bark and is a layer of active dividing cells responsible for the
production of the conducting vascular system.

Table 7: Effect of in vivo volkamariana rootstock
diameter and PP333 concentrations on success of pen
tip grafting method of scions of Balady mandarin
derived from tissue culture on greenhouse.

Successful grafts (number and percentage )

PP;3; concentrations (A)
0.4 mg/l

Rootstock diameter (cm) (B)
0.0 mg/l Mean (B)

No. | (%) | No | (%) | No. | (%) | No. | (%) | No. | (%)
03 23 |23 4.0 | 40 53 |53 17 |17 48 | 48
0.4 17 |17 33 |33 50 |50 67 | 67 42 | @
0.5 10 |10 17 |17 30 |30 37 | 37 23 |23

Mean(A) 17 17 3.0 |30 44 | 44 6.0 | 60
LSD at 5%

0.2 mg/l 0.8 mg/l

n4mg, D-Smg!ﬂ
PP333 pp333

Fig. 9: Effect of in vivo volkamariana rootstock
diameter and PP333 concentrations on success of pen
tip grafting method of scions of Balady mandarin
derived from tissue culture on greenhouse.

Side pen grafting method:

Table (8) and Fig. (10) clear the effect of PP333
concentrations and in vivo volkamariana rootstocks
diameters on success of side pen grafting method of
microscions of Balady mandarin derived from tissue culture
on greenhouse. Data showed that adding PP333 to MS
medium at concentrations 0.0, 0.20, 0.40 mg/I increased
number of successful grafts, the maximum of successful

grafts percentage (70%) was obtained from 0.4 mg/l PP333
compared with control (4%). On the other hand, the highest
successful grafts percentage (20%) were obtained when
diameter of in vivo volkamariana rootstocks were 0.4 cm.
The highest successful grafts percentage (60%) were
obtained when concentration of PP333 was 0.8 mg/l PP333
and in vivo volkamariana rootstock diameters were 0.3 or 0.4
cm. Finally, tip pen grafting method was superior on side pen
grafting (77 and 70% grafting successful). This may be due
to the good vascular system formation in the case of tip pen
grafting.

Table 8: Effect of PP333 concentrations and in vivo
volkamariana rootstocks diameters on success of side
pen grafting method of microscions of Balady
mandarin derived from tissue culture on greenhouse.

Successful grafts (number and percentage )
Rootstock PP333 concentrations (A)
diameter (cm)
®) 0.0 mg/ [ o2mg 0.4 mg/l 08mgl | Mean (B)
No. [0 [No [0 [No. [ [No[ca [N [
03 00 | oo 00 [ 00 00 [ o0 60 | 60 16 | 1s
0.4 D 10 | 10 00 [ o0 60 | 60 20 [20
05 00 | oo 00 [ 00 20 |20 40 [ 40 16 |15
Mean(A) 04 |40 04 | 40 07 |7 53 | 53
LSD at level 5% A 0.7
B 038
AxB 03

j‘ Rootstock

0.8mg/1 PP333

Fig. 10: Effect of PP333 concenrations in vitro and
volkamariana rootstock diameters in vivo on success of
side pen grafting method of microscions of Balady
mandarin derived from tissue culture on greenhouse.

CONCLUSION

Determination of sexual embryo of Balady
mandarin using genetic markers is very benefits for
propagation and breeding programs. Using RAPD-PCR
cleared different genetic distance between 5th nucellar
embryo and the other embryos. Use nucellar vegetative
embryos as initial explants of Balady mandarin propagation
is effective method for producing virus-free plants
commercialy. Cytokinins, auxins, PP333, grafting methods
and rootstock diameters are factors affected grafting of in
vitro produced microscions of Balady mandarin in
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greenhouse. Microscions derived from MS medium
supplemented with 0.6 mg/l PP333 gave the highest number
and percentage of successful grafts (8.8 and 88%) in
greenhouse when it was grafted on 3mm diameter of
volkamariana rootstock. This paper is a step on the road to
commercially produce virus-free citrus plantlets and
eliminate viruses spread via grafting manipulation. But good
treatments in citrus orchard are very important to save it from
viruses infections.
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