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Summary. Apricot (Prunus armeniaca L.) is highly nutritious fruit and micro propagation of apricot plant
has high economic value. The current study reports micro propagation of cultivar Cataloglu using apical
node explants on Murashige and Skoog (MS) medium containing different combinations of BAP+NAA
supplemented with 3% sucrose and solidified with 0.65% agar. The results showed a significant effect of concentrations of BAP+NAA on callus induction, shoot regeneration and their length. Rooting percentage was
not affected on all shoots regenerated on any concentration of BAP+NAA. However, number of roots per
explants and their length had clear implications of the concentrations of BAP+NAA used for regenerating
shoots. Optimum shoot regeneration was noted on MS medium containing 1 mg/l BAP + 0.25 mg/l NAA;
which were rooted on MS medium containing 1 mg/l IBA. The rooted plantlets were acclimatized in pots
containing soil:sand (3:1) ratio under greenhouse conditions. It is concluded that the study will serve as reference for future apricot breeding studies and genetic transformation studies.
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Introduction
The agriculture sector has strategic importance
for all countries as it provides basic human needs. The
apricot is an achene and an important fruit for agriculture. Apricot and its wild species are natural plants
of a wide geographical region, from Central Asia to
Northern China. Most scientists who study the origin of the apricot point to China and Central Asia as
its homeland. Four subgenera are recognized in the
Prunus genus (1). The apricot (Prunus armeniaca L.)
has approximately 4 million tons annual production
worldwide, and 800,000 tons in Turkey (2). Besides
fresh and dry consumption of apricots, apricot kernels
and sweet seeds are also used as snacks. Whereas apricot bitter seeds are used as raw material in cosmetics
and pharmaceutical industries (3, 4), apricot kernel is
mainly used for extraction of apricot oil, benzaldehyde,

furfural, activated carbon, flavor extract, amygdalin and
hydrocyanic acid (3). The stem of the apricot tree and
its branches are used as fuel wood, and its leaves can
be used for feeding animals. Apricot seeds can also be
successfully used for biofuel and biogas production (5).
The apricot is also important for human health. It
is rich in potassium, vitamin A and carotene, while it is
deficient in sodium. That makes it an important nutrient for our diet. One of the most essential compounds
of dried apricots for health is dietary fiber. The apricot has functional nutrients that strengthen defense
mechanisms against free radical damage, delay aging,
and prevent diseases, and can be recommended for a
healthy and quality life (6).
In the current horticultural practice, the propagation of apricot is achieved only from seed, budding or
grafting (7). Moreover, previous reports suggest difficulties in the rooting of the stem cuttings from mature
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fruit bearing trees that prevent traditional propagation methods for propagation of these elite cultivars
(8-12). To facilitate propagation of elite varieties and
produce true to type plants micro propagation must
be employed, that will facilitate regeneration of these
cultivars in an accelarated way. There is little known
on in vitro culture factors for regeneration from apical
nodes of cv. Cataloglu. Therefore, the aim of the present study was to develop an in vitro micro propagation
protocol and propose an alternative or complement to
existing propagation techniques of the Cataloglu apricot cultivar of high economic value that may also be
useful in future breeding studies with this cultivar.

Materials and Methods
Plant material
The newly growing shoot of the cultivar Cataloglu
apricot (Prunus armeniaca L.) were used in this study,
that were excised from newly growing shoots during
spring season of 2015.
Sterilization
Glass materials (Petri dishes, Erlenmeyer flasks
etc.), equipment (forceps, blades), and growth media
were sterilized in an autoclave at 121 ᵒC under 1.5
atm pressure for 20 minutes. After removing 3-4 cm
twigs of cv. Cataloğlu growing at the Department of
Horticulture, Inonu University, Faculty of Agriculture,
Malatya, Turkey; they were surface sterilized using
30% hydrogen peroxide followed by 3×3 min rinsing
with distilled water. Apical nodes were cultured in MS
(13) culture media containing various concentrations
of BAP and NAA. The apical node was excised from
these twigs under aseptic conditions on and cultured
on MS medium containing 5 explant per petri dish
(100 ×10 mm).
Medium and culture conditions
After six days on MS medium, the apical nodes, the
explants were cultured on the MS medium containing
different combinations of 6-benzyl amino purine (BAP)
and naphthalene acetic acid (NAA) for regeneration.
MS medium containing 1 mg/L indole-3-butyric
acid (IBA) was used for rooting that was supplement-
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ed with 3% sucrose and the medium was solidified using 0.65% agar.
Double distilled sterilized water was used to prepare the growth medium and the pH was adjusted to
5.8 by using 1N NaOH and 1N HCl. BAP, NAA and
IBA were dissolved in appropriate solvents, and stock
solutions were prepared in the desired amounts and
concentrations. Stock solutions were stored at +4 ᵒC.
Explant isolation from seedlings produced in vitro
Apical nodes explants were cut 1 cm in length,
and were transferred to a regeneration medium (5 explants/petri dish). Trials were planned to have three
repetitions. Hormones were added in concentration
into MS media in 90×15 mm, sterile petri dishes, and
petri dishes were incubated under a 16/8 light/dark
period under 500 µmolm-2s-1 fluorescence illumination
at 25±2ᵒC in a plant growth chamber. All tissue culture
studies were performed in a sterile, air-flow cabin.
Root formation in regenerated shoots
Once they reached a certain length, regenerated
shoots were transferred to the rooting medium containing 1 mg/L IBA. Following root formation, the
plants were transferred to MS medium to so as to provide opportunity to roots to reach a desirable size for
transfer to pots containing 3 : 1 ratio of soil : sand for
acclimatization.
Statistical analysis
The experiment was carried out using single factor, completely randomized design. Statistical analysis
was performed using One way ANOVA with descriptive statistics for standard error with the help of IBM
SPSS 21 computer software. Means were separated
using Duncans multiple range test at p<0.05 level. All
values shown in percentage were arcsine transformed
before subjecting them to statistical analysis following
Snedecor and Cochran (14).

Results
The results of the study showed significantly variable effects of variant BAP+NAA concentrations on
apical nodes explant. Callus regeneration showed ir-
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regular pattern of growth on MS medium containing
0.50 mg/l + variants of NAA and 1.00 mg/l + variants
of NAA. Use of 0.5 or 1.00 mg/l BAP with or without 0.25-1 mg/l NAA promoted callus regeneration
that never exceeded 33–34 % in each case. However,
MS medium containing 0.5 or 1.00 mg/l BAP with
2.00 mg/l NAA promoted profuse callus regeneration.
Maximum callus regeneration in each case was noted
on 0.50 mg/l BAP + 2 mg/l NAA and 1 mg/l BAP +
2 mg/l NAA.
No shoot regeneration was noted on MS medium
containing 1.00 mg/l BAP + 2.00 mg/l NAA. Percentage of shoot regeneration was not parallel to callus
regeneration percentage. It ranged 10.00–51.00% and
14.00–70.00% on MS medium containing 0.50 mg/l
BAP + 2 mg/l NAA and 1 mg/l BAP + 2 mg/l NAA
respectively. Maximum shoot regeneration of 51.00%
and 70.00% was on former and later was noted on MS
medium containing 0.50 mg/l BAP + 1.00 mg/l NAA
and 1 mg/l BAP + 0.25 mg/l NAA respectively.
Excluding no shoots on MS medium containing 1.00 mg/l BAP + 2.00 mg/l NAA, number of
shoots per explant ranged 0.02±0.01-1.54±1.08 and
0.07±0.01-3.73±0.19 on MS medium containing

0.50 mg/l BAP + variants of NAA and 1 mg/l BAP
+ variants of NAA respectively. Maximum number of
shoots per explant was noted on 1 mg/l BAP + 0.25
mg/l NAA. All other concentrations of BAP + NAA
induced very low or marginal number of shoots per
explant.
Shoot length showed two different behaviour on
concentrations of 0.50 mg/l BAP + variants of NAA
and 1.00 mg/l BAP + variants of NAA. Except MS
medium containing 0.50 mg/l BAP + 1.00 mg/l NAA
showing longest shoots of 2.38 ±1.16 cm long shoots,
the shoots developing on all other explants never elongated beyond 1.36±1.02 cm in former case. On the
later, MS medium containing 1.00 mg/l BAP showed
longest shoots of 2.77 ±1.84 cm long shoots; the shoots
developing on all other explants never elongated beyond 1.58±0.37 cm. Axillary shoot regeneration from
the was only noted on calli exposed to air. No shoot
regeneration was noted on portions of calli in direct
contact with the culture medium.
Rooting was noted on all regenerants irrespective of the concentration of BAP +NAA used for regeneration (Table 2). However, the concentrations of
BAP+NAA used in the experiment affected number of

Table 1: Effect of different BAP and NAA concentrations on regeneration from apical nodes
Hormone Treatments
		
		
BAP
(mg/L)

Percentage
(%) of callus
formation

Percentage
(%) of shoot
regeneration

Number or
shoots per
explant

Shoots
length
(cm)

NAA
(mg/L)

0.50

0.00

21.00±1.08d

15.00±1.09d

0.21±0.09e

1.12±0.64d

0.50

0.25

40.00±2.02b

12.00±0.04d

0.72±0.03e

1.08±0.87d

0.50

0.50

14.00±1.04e

23.00±2.05c

0.47±0.07e

1.03±0.05d

0.50

1.00

33.00±3.06c

51.00±4.06a

1.54±1.08b

2.38±1.16b

0.50

2.00

87.00±5.01a

10.00±0.09d

0.02±0.01e

1.36±1.02d

1.00

0.00

26.00±2.01d

41.00±2.04b

0.97±0.26d

2.77±1.84a

1.00

0.25

10.00±1.01e

70.00±3.08a

3.73±0.19a

1.12±1.09d

1.00

0.50

19.00±2.03e

14.00±2.03d

0.07±0.01e

0.75±1.08d

1.00

1.00

34.00±2.05c

17.00±1.05d

1.23±0.92c

1.58±0.37c

1.00

2.00

50.00±4.07b

00.00±0.00e

0.00±0.00f

0.00±0.00e

All values shown in a single column with different letters are significantly different at 0.05 level of significance using Tukeys test
± Standard deviation of a minimum of three experimental repetitions.
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Table 2. Effects of 1mg/l IBA on rooting of shoots regenerated on variants of BAP and NAA
Hormone Treatments
		
BAP (mg/l)

Rooting
percentage (%)

Number of
roots per explant

Root length
(cm)

NAA (mg/l)			

0.50

0.00

100.00±00

0.71±1.19e

0.56±0.72f

0.50

0.25

100.00±00

1.86±0.93b

0.88±0.62d

0.50

0.50

100.00±00

0.65±1.11f

1.03±0.87e

0.50

1.00

100.00±00

2.43±1.34a

0.47±0.87g

0.50

2.00

100.00±00

1.52±1.32c

2.29±0.97a

1.00

0.00

100.00±00

0.73±0.49e

0.34±0.13h

1.00

0.25

100.00±00

0.43±0.34g

1.71±0.95b

1.00

0.50

100.00±00

1.13±0.62d

0.38±0.53h

1.00

1.00

100.00±00

0.96±1.23e

0.67±1.19 c

All values shown in a single column with different letters are significantly different at 0.05 level of significance using Tukeys test.
± Standard deviation of a minimum of three experimental repetitions.

roots per regenerated shoot and their length variably
and showed significant differences (p<0.05) among
them.
No shoots were noted on MS medium containing 1.00 mg/l BAP - 2.00 mg/l NAA; therefore these
could not be treated with 1 mg/l IBA for rooting.
The number of roots per shoots on rest of the regenerants on MS medium containing 0.50 mg/l BAP +
variants of NAA and 1.00 mg/l BAP + variants of
NAA ranged 0.65±1.11 - 2.43±1.34 and 0.43±0.34
- 1.13±0.62 respectively. Maximum number of 2.43
± 1.34 roots per explant was noted on MS medium
containing 0.50 mg/l BAP + 1.00 mg/l NAA.
Root length was also affected by the concentration
of BAP + variants of NAA used for regeneration of
shoots. Maximum root length was achieved on shoots
regenerated on MS medium containing 0.50 mg/l
BAP + 2.00 mg/l NAA. It was followed by significantly reduced (P<0.05) shoot length on MS medium
containing 0.50 mg/l BAP + 0.50 mg/l NAA and 1.00
mg/l BAP + 0.25 mg/l NAA. Rest of the regenerants
did not induce shoot length beyond 0.88±0.62 cm.
The best rooting shoots (regenerated on MS medium containing 0.50 mg/l BAP +2.00 mg/l NAA)
were transfered to pots containing soil:sand (3 : 1) for
acclimatization to external environmental conditions
after two three weeks of culture. Out of 100 in vitro-

regenerated plants transferred to pots only 83 plants
survived and established under greenhouse conditions.

Discussion
The annual apricot production is approximately
4 million tons worldwide, and Turkey is a pioneer
with 800,000 tons of annual production (2). Turkey
is among the leading countries in dried apricot exports, and holds 80% of the market share. Apricots are
mainly cultivated in Malatya (50%), Elazig, Erzincan,
Sivas, Icel (Mut), Antalya, Hatay, Kars, and Igdir (15)
in Turkey (16).
In the present study, apical nodes of the Cataloglu apricot cultivar, which has great economic value
with respect to apricot production in Turkey, was used
and the impacts of different BAP-NAA combinations
were tested for its in vitro propagation for the first
time. This protocol has the potential to serve as a good
regeneration protocol for large-scale production of the
Cataloglu apricot cultivar in breeding studies. Shoot
regeneration using immature apricot cotyledons as explants are previously reported in a number of studies
(17-20). In the present study, apical nodes were used
as the explant source and MS culture media with 10
different combinations of BAP-NAA were used in the
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trials. This result demonstrated that callus formation
partially inhibits shoot regeneration and development.
The explant used in the study contained two
injured portions on all sides that provided a way for
uptake of nutrients and plant growth regulators for
efficient absorption from the culture medium in agreement with Sarwar and Skirvin (21). Axillary shoot regeneration was noted on calli exposed to air (22). No
shoot regeneration was noted on portions of calli in
direct contact with the culture medium. Wang et al.
(23) successfully obtained shoots by using hypocotyls
developed from mature seeds. Wang et al. (24) conducted a study on mature apricot cotyledons and tested
different combinations of TDZ (4 or 8 µM) and IBA
(0.25 µM) and observed 67.2%, 56.8%, 66.7%, 46.3%,
66.7% shoot regeneration after a 2-week dark incubation. Compared to that study, shoot regeneration rates
in the present study are relatively high. This difference may result from different concentrations of plant
growth regulators, and differences in explants. Moreover, the choice of a different cultivar is an important
cause in shoot regeneration, since the genotype of the
cultivar significantly affects shoot regeneration (25).
The current study represents the first study to use the
apical node of the Cataloglu cultivar as the explant
source.
The experimental results clearly showed positive
role of BAP+NAA on shoot regeneration. However,
optimum concentration of BAP+NAA was needed for
regeneration of shoots. The results are not in agreement with Escalettes and Dosba (26). It is suggested
that proposed concentrations of BAP+NAA increase
metabolic activities in regenerating cells and the concentrations lower or higher than these concentrations
are not suitable metabolically and hinder cellular
growth and consequently shoot regeneration. The concentrations other than optimum concentrations hindered uptake of nutrients from the medium and the
nutrient uptake was affected that also affected all parameters of growth in agreement with Pérez-Tornero
and Burgos (25), who recommend use of BAP+NAA
for shoot regeneration. The results further showed that
an increase in NAA concentration was the best treatment to induce callus but it was not best treatment
to induce shoot regeneration. Use of BAP singly was
not suitable both for callus induction and shoot regen-
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eration. However, optimum concentrations of BAP
+ NAA varied on 0.50 mg/l BAP+ variants of NAA
and 1.00 mg/l BAP+ variants of NAA. This effect
might be due to achieving a balance in endogenic and
exogenic hormonal level of explant. This further suggests that both BAP and NAA concentrations in the
regeneration medium compete for the active sites of
the enzyme (27).
It is not always possible to promote root formation
in media that favors shoot regeneration in vitro. Therefore, shoots should be transferred to a growth medium
containing hormones that would stimulate root formation. In the present study, MS medium containing 1
mg/L IBA was used to stimulate root formation. The
results of the study showed that rooting percentage was
not affected by the concentrations of BAP+NAA used
for regenerating shoots in the culture medium. However, concentration of BAP+NAA affected number of
roots and their length. The results emphasize the role
of shoot regenerating media on rooting. IBA has been
recommended for rooting and calli regeneration of in
vitro regenerated woody and herbaceous plant species
(28) No problem was seen during acclimatization of
regenerated and rooted shoots during acclimatization.
The present study may serve as a reference for
more effective hormone concentrations and combinations for future studies on shoot regeneration in Cataloglu apricot. The study reports a procedure in vitro
micro propagation of apricot cv. Cataloglu that include shoot regeneration, rooting and acclimatization.
In vitro micro propagation of this cultivar using apical
node has been described for the first time. The results
of this study may serve as a base for developing clonal
propagation technologies and genetic transformation
for number of desirable traits. This procedure may
be used in genetic transformation studies or breeding
against a number of biotic and abiotic stresses or for
any of the desirable apricot traits.
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