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Abstract: Experiments were conducted to study the in vifro propagation of Bakrai using
epicotyl explants. Explants were excised form # vifro grown seedlings, cultured on a basic
MS medium supplemented with various concentrations of benzylademine (BA) and
naphthaleneacetic Acid (NAA). The highest percentage of explants producing normal
adventitious shoots (83.3%) was obtained on a mediurn MS medium containing 2 mg L™
BA. The maximum mumnber of adventitious buds (20.33) produced in 4 mg L' BA, but
most of these buds remained quiescent. Addition of 0.5 mg L' NAA increased
shoot mumber and shoot length but higher NAA concentrations had an inhibitory
effect on shoot regeneration, particularly in 1 mg L™' BA concentration. The highest
number of shoots (5.5) and longest shoots (9.68 mm) were obtained in concentrations
of 2 and 1 mg L7' BA plus 0.5 mg L™ NAA, respectively. The shoots were rooted
on a basal medium with half-strength MS salts and various concentrations of
indolebutyric acid (IBA) (0.5-10 mg L7'). The highest percentage of rooting
(91.67%) and the maximum number (1.71) and length (20.33 mm.) of roots were
obtained with 10 mg L™'IBA. The plantlets were transferred to pots containing an
equal mixture (v/v) of sand and loamy soil and successfully acclimatized to natural
environment with a survival rate of 80%.
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Introduction

Citrus fruits are one of the most important fruit crops of the world planted in tropical
and subtropical regions. The world production of citrus fruits in 1998 was over 100 million
tones (Jackson and Looney, 1999). Most of citrus species and hybrids are highly polyembryonic
due to natural occurrence of nucellar embryony and reproducing true-to-type plants by seeds.
The main citrus rootstocks are therefore usually propagated by growing open-pollinated seeds
(Wutscher, 1979). However, micropropagation and plant regeneration of citrus species are of interest
because by in vitre techniques the number of plants produced would not be limited by seed supply
and also more uniform plant populations might be produced (Moore, 1986). Furthermore, an efficient
system of regeneration through organogenesis is the first step for genetic transformation of these
species (Gmitter et al., 1992).
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In vitro plant regeneration by direct organogenesis has been reported for different citrus
species and from several tissues including roots (Sauton ef af., 1982; Burger and Hackett, 1986,
Bhat er af, 1992), stem segments (Barlass and Skene, 1982; Moore, 1986; Duran-Vila ef al.,
1989; Perez-Molphe-Balch and Ochao-Alejo, 1997, Ghorbel ef af., 1998; Kobayashi e al., 2003),
epicotyls (Edriss and Burger, 1984; Burger and Hackett, 1986; Sim er al., 1989; Maggon and Singh,
1995; Moreira-Dias ef al., 2000; Bespalhok-Filho ef al., 2001; Dejam ef al., 2001; Almeida et af., 2002,
Costa et af., 2004) and hypocotyls (Maggon and Singh, 1995; Normah ez &f., 1997). In most cases,
benzyladenine (BA) has been required for shoot regeneration, although the optimum concentration of
BA has been different for various species and explants. The rooting percentage of plantlets obtained
by adventitious shoots has been different for various species and with different auxins and their
concentrations. Bakrai which is a natural hybrid between mandarin and sweet lime is used as a citrus
rootstock in Iran and some other countries. Bakrai is commonly propagated by seeds or hardwood
cuttings. However, direct organogenesis can be used for both mass propagation and improvement of
Bakrai. In this investigation, for the first time, successful plant regeneration from epicotyl segments
of Bakrai is reported.

Materials and Methods

The ripe fruits were collected form open-pollinated trees of Bakrai in Darab, south of Iran in 2002
and brought to Tissue Culture Lab of Iranian Research Organization of Science and Technology, Shiraz
Branch Tran. Seeds were extracted from fruits, washed by water and both seed coats were removed.
Then surface sterilized by immersion in a 0.5% sodium hypochlorite solution for 10 min and rinsed
3 times with sterile distilled water. The Murashige and Skoog (1962) (MS) basal medium
supplemented with 3% (w/v) sucrose was used in different experiments. The pH of media was
adjusted to 5.7£0.1 before the addition of 27.5 g L™! agar. The media were dispensed as 15 mL
aliquots in 25x150 mm culture tubes, capped and sterilized by autoclaving for 30 min at 121°C and
1.5 kg cm™? pressure. All cultures were maintained at 27+2°C and unless otherwise stated were
incubated at 16 h light per day with 1000 lux intensity. Decoated seeds were cultured in basal medium
in continuous darkness for 10 days and then transferred to light conditions for 20 days before use.

For shoot regeneration studies, the 0.5 cm long epicotyl explants were excised from in vitro
seedlings and cultured horizontally in basal medium supplemented with concentrations of 1, 2 and
4mg L' BAin combination with 0, 0.5 and 1 mg L' napthaleneacetic Acid (NAA). Cultures were
incubated in darkness for 20 days and then transferred to light for 40 days. After 20 days, the number
of responding explants and adventitious buds and at the end of incubation period, the number and
length of produced shoots were recorded.

For rooting studies, the 8-12 mm shoots were placed vertically in a half-strength basal medium
supplemented with IBA concentrations of 0.5, 1,2, 5and 10 mg L' . The cultures were incubated in
darkness for 15 days and then transferred to light for 30 days. The percentage of rooting and number
and length of roots per explant were recorded after 45 days. For acclimatization, the rooted plantlets
were transferred to pots containing an equal mixture of sand and loam soil and irrigated with one-eight
concentration of MS salts for 10 days. The pots were enclosed by clear polyethylene bags to mimmize
the moisture loss. The bags removed gradually to facilitate the conditioning of plantlets to natural
environment.

A Complete randomized design with 10 replicates (3 explant/rep.) was used for all experiments.
The data were analyzed and the means compared by Duncan’s new multiple range test at 5%
probability using SAS software.
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Results

Adventitious Bud and Shoot Regeneration

Two weeks after culture, the adventitious buds were visible at the cut ends of epicotyl segments.
Inmost cases, they were arose directly from explants, although, in some cases a small amount of white
callus was also produced. Transferring of cultures to light conditions, enhanced shoot regeneration form
these buds (Fig. 1A).

The percentage of responding explants was different among growth regulator treatments
(Table 1). In basal medium, the response of explants was very low. The highest percentage of explants
with adventitious buds was obtained in concentration of 2 mg L™ BA.

With increasing BA concentrations, the number of adventitious buds increased and there
were significant differences among treatments (Table 1). The maximum number of adventitious
buds was produced in 4 mg L™! BA concentration that showed a significant difference with other
treatments.

Although the maximum number of buds produced with 4 mg L™ BA, most of these buds had no
growth. In lower BA concentrations, the frequency of shoot elongation was higher. The maximum
number of adventitious shoots was obtained with concentration of 2 mg L' BA+ 0.5mg L™ NAA
(Table 1).

There were no significant differences in shoot length between 1 and 2 mg L™ BA, but the length
of shoots was comparatively shorter in concentration of 4 mg L=' BA. The longest shoots were
produced in medium with 1 mg L™ BA plus 0.5 mg L™ NAA (Table 1).

Rooting and Acelimatization
Root initiation usually occurred near the cut surface of shoot explant’s basal ends (Fig. 1B).
They were visible 15-20 days after culture. Increasing IBA concentrations increased the percentage of

Table 1: Effects of plant growth regulator treatments on adventitious shoot formation in epicotyl cultures of Bakrai

Growth Explant producing Bud Shoat Average
regulators (mg L™!) adventitious shoot (%) No./explant No./explant shoot length (mm)
0 11.11 bT 3.00g 01lc 11le
1.0BA 75.00a 12.00 de 3.02 ab T17bed
2.0BA 83.30a 1550 ¢ 4.16 ab 7.69 abed
4.0 BA 44.44 ab 20.33a 2.85 abc 574d
1.0 BA+0.5 NAA 75.00a 10.33 ef 4.25 ab 9.68a
2.0 BA+0.5 NAA 77.78a 13.00d 550a 9.26 ab
4.0 BA+0.5 NAA 80.33a 18.00 b 3.30ab 581d
1.0 BA+1.0NAA 55.50ab 9.00 1.77 be T.30bcd
2.0BA+T1.ONAA 63.78a 11.33 def 2.36be 8.19 abc
4.0 BA+1.0NAA 61.07 ab 15.66 ¢ 2.65 abc 6.38cd

TMeans in each column with similar letter(s) are not significantly different at 5% level of probability using DMRT

Table 2: Effects of auxin concentrations on rooting of Bakrai shoots

IBA(mgL™") Rooted cultures (%) Root No. Root length (mm)
0.5 11.11d T 0.22b 2.00¢

1 31.25dc 0.50b 4.81 be

2 50.00 be 0.75 ab 10.43 be

5 66.10 ab 1.10 ab 1147 b

10 91.67 a 1.71 a 2031 a

TMeans in each colurmmn with similar letter(s) are not significantly different at 5%6 level of probability using DMRT
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Fig. 1: Stages in the development of Bakrai plantlets obtained from epicotyl segments. (A)
Adventitious shoots produced on MS+BA (2 mg L™+ NAA (0.5 mg L™, (B) Rooting
of adventitious shoots on 1/2MS+BA (10 mg L™), © Young Bakrai plantlets transferred to
soil

rooting and the mumber and length of roots. In the concentration of 10 mg L' IBA, the mentioned
characters were significantly higher than those in lower IBA concentrations (Table 2).

The plantlets were acclimatized at 27+2 °C with 16 h photoperiod at 4000 lux light intensity for
4 weeks. The gradual removal of plastic bags caused hardening and adaptation of plantlets (Fig. 1C).
About 20% of plantlets were lost during acclimatization.

Discussion

In this investigation, the response of epicotyl explants of Bakrai enhanced with addition of BA
to basal medium and maximum response was obtained with 2 mg L™ BA concentration. This is in
agreement with results obtained with epicotyl and hypocotyl explants of sweet orange (Maggon and
Singh, 1995). In epicotyl explants of Cifrus mitis, the highest response has been reported with
concentrations of 0.5 or 1 mg L™ BA and higher concentrations showed inhibitory effects
(Sim et al., 1989). On the other hand, in internodal segments of Mexician lime and mandarin, the
optimum concentration of BA was 7.5 mg L™ (Perez-Molphe-Balch and Ochao-Alejo, 1997). These
differences may be due to genotypic variations, type and age of explants and even the position of
explants on medium.

Although the maximum number of buds produced with 4 mg L™ BA, most of these buds
remained quiescent. It secems that high concentrations of BA had an inhibitory effect on shoot
elongation (Dejam et af., 2002). Addition of 0.5 mg L™ NAA, increased the number and length of
adventitious shoots in all BA concentrations, but 1 mg L™ NAA decreased the number and length of
shoots especially in 1 mg L™ BA. Edriss and Burger (1984) found that 0.1 to 1 mg L=' NAA was
essential for shoot regeneration in epicotyl segments of “Troyer” citrange, while Moore (1986) reported
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an inhibition in shoot formation by NAA at these concentrations, when BA concentration was low.
In another investigation, the stimulatory effects of low NAA concentrations (0.08 to 0.4 mg L") and
inhibitory effect of higher NAA concentration (1 mg L™ on shoot formation in epicotyl explants of
‘Troyer’ citrange has been reported Moreira-Dias er al. (2000).

For rooting the Bakrai microshoots, the best results was obtained with IBA. Although the various
concentrations of NAA was also tried, NAA caused poor rooting and callus production in basal ends
of shoots was noticed. Rooting was achieved, when IBA was added to the medium in spite of various
reports of better results with NAA in other citrus species (Barlass and Skene, 1982; Kitto and Young,
1981; Normah et al. 1997). However, recently low rooting percentage with NAA has been reported
in lemon (Kotsias and Roussos, 2001) and sweet orange (Dejam ef af., 2002) microshoots. Increasing
of IBA concentrations up to 10 mg L™ increased rooting percentage, root mumber and length in Bakrai.
Increases in rooting percentage and root number have been reported with increasing auxin
concentrations in lemon (Kotsias and Roussos, 2001) and “Troyer’ citrange (Moreira-Dias ef af., 2000)
shoots, but the length of roots has been decreased in these cases. On the other hand, in mandarin and
lemon shoots, it has been reported that with increasing auxin concentrations, both the percentage of
rooting and root mumber and length have been decreased (Singh et af., 1994). These differences may be
due to genotypic vanations, different shoot regeneration pathways and/or differences in the sensitively
of microshoots to auxins. In conclusion, the best results can be obtained with culturing epicotyl
explants of Bakrai on media with 1 and2 mg L™ BA plus 0.5 mg L™ NAA.
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