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Phloroglucinol, BAP and NAA Enhance Axillary Shoot Proliferation and other Growth
Indicators In vitro Culture of Damask Rose (Rosa damascena Mill.)
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Abstract: Experiments were conducted to study the effect of PG, BAP and NAA on proliferation ability of
damask rose (Rosa damascena Mill.). BAP in four levels (0, 1, 2 and 3 mg l ), NAA in three levels (0, 0.1 and1

1 mg l ) and PG in three levels (0, 50 and 100 mg l ) were used and 21 different combinations of them were1 1

tested to investigate the most suitable treatment for multiplication stage as a factorial test on the base of a
completely randomized design. BAP affected on number of green leaves, brown leaves and induced axillary
shoots per explants significantly, whereas 0.1 mg l  NAA increased only number of green leaves in compared1

with medium without NAA. PG remarkably enhanced the multiplication rates of roses in vitro so that number
of new axillary shoots per explants increased 30% when PG added to medium containing BAP and NAA. Finally
it was shown that the Full-strength MS culture medium containing BAP (2 mg l ) and NAA (0.1 mg l )1 1

supplemented with PG (100 mg l ) has the best results for shoot proliferation of Rosa damascena Mill.1

Microshoots were rooted by ½ strength of MS medium containing IBA at the concentration of 2 mg l  with1

up to 80% rooting. Plantlets were acclimatized in a soil mixture consisting of mineral perlite and peat moss (2:
1 v/v) and successfully transferred to the greenhouse after 4 weeks.
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INTRODUCTION and Echeverrigary, [9] showed that BAP (6-

Rose is the king of flowers and Damask rose (Rosa comparison with Kinetin and 2iP (6-[dimethylallyl amino]-
damascena Mill.) is classified in old garden roses [1]. The purine) in rose micropropagation  system.  Kumar et al.
origin of Damask rose is Iran and the Middle East region [10] stated  supplementing the media with GA  (Gibberellic
and it is the national flower of Iran. acid 3) can improve multiplication of Damask rose

Damask Rose (Rosa damascena Mill.) is an important explants. They also reported the senescence symptoms of
aromatic plant significant from economic point of view in proliferated shoots and try to cope with the problem by
Iran and some other countries. Besides aromatic and modifying the media. [11] concluded that the best
ornamental values of R. damascena, its medicinal hormonal  compound  for  in  vitro  propagation of
properties especially anti-depression effects are worth Damask rose is BAP (2 mg l ) and NAA (1-Naphtalene
consideration [2]. acetic acid)  (0.1 mg l ). They also found in vitro rooting

Traditionally,  rose  plants  have  been  propagated of  old  roses  including Damask rose is much more
on rootstocks and through cutting method [3]. The difficult than modern roses. Pati et al. [12] found 2 mg l
conventional  propagation  of  this  species  was BAP  is the most appropriate concentration for in vitro
associated with various problems such as limitation of propagation of Damask rose. 
stock  plants  and  prolonged  production  time  [4] and Phloroglucinol (PG) is a phenolic compound
low adventitious root formation on cuttings. Tissue
culture of Rosa species has become an alternative method
of propagation [5, 6]. 

The establishment of tissue culture system for
various rose species has been described [5, 7-9] but it is
not much specifically in the case of Damask rose. Carelli

Benzylaminopurine) may cause producing more shoots in

3

1

1

1

predominantly found in xylem sap  of  apple  and is
known  to  promote  growth  and  development in a
number of plant species such as Chinchona ledgeriana,
apple cultivars and cocoa [13]. There are some reports
suggest that phloroglucinol enhances growth and rate of
axillary shoot proliferation of some plants in vitro [14, 15].
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Murali et al. [16] reported that  somatic  embryo containing  full   and  ½  strength  of  MS  salts. Two
germination  of  Rosa  hybrida  cv. Arizona occurred additional treatments (containing or without IBA (3-
when explants cultured in ½ MS medium [17] Indolebutyric acid) at the concentration 2 mg l ) were
supplemented with 0.5 mg l    NAA   (1-Naphtalene tested in the both mediums. Cultures were maintained at1

acetic acid) and 100 mg l  Phloroglucinol. However, use 22°C in a culture room with a 16 hrs photoperiod light. 1

of phloroglucinol in the  proliferation   medium  of   rose
cultivars has not been reported. Acclimatization and Transfer to Soil: Plantlets were

In this paper we describe  an  optimal  protocol  for removed from the culture flasks and washed with water to
multiplication of Rosa damascena Mill through high remove all medium attached to the roots. They were then
frequency axillary shoot proliferation from nodal explants. transplanted to small plastic pots containing mineral
We examine the influence and interaction of growth perlite and maintained in a growth chamber at 22°C and
regulators BAP and NAA as well as phloroglucinol in 90% Relative Humidity (RH) under a 16 hrs photoperiod.
multiplication of Rosa damascena Mill. After 3 days, RH was reduced to 80% and 7 days later

reduced to 70%. After 2 weeks the plants were transferred
MATHERIALS AND METHODS to large plastic pots containing mineral perlite and peat

Plant Materials: Internodal segments (8-10 cm long) of 22°C and 60% RH. After 4 weeks the pots were transferred
Rosa damascena Mill.having at least one axillary bud to the greenhouse for further growth. 
were collected from plants growing on the botanical
garden of Azerbaijan, Tabriz, Iran. They were cut in 2-3 cm Statistical  Analysis:  For  evaluation  of  proliferation
length segments and placed in sterilized distilled water stage, two separate experiments as a completely
containing few drop of Tween 80 for few minutes. Then randomized design  with  9  replications  were  designed.
surface disinfected using 70% (v/v) ethanol for 60  sec 12 different treatments from composition of BAP and
and then immersed in 10% (v/v) of commercial laundry NAA hormones and 9 treatments from composition of
bleach (5.25% NaOCl) for 20 min and  rinsed  three times BAP, NAA and PG were used in the first and second
in sterilize distilled water. The  shoots  were  trimmed experiment,  respectively.  Three  characters  of  the
down to 1 cm long with single node prior to transferring growth and multiplication rate as dependent factors
to establishment medium. (number of green leaves, number of brown leaves and

Establishment Medium: In the establishment stage, all experiment. Variance of Data were analyzed using
explants were cultured on a MS medium containing salts, Multivariate GLM (General Linear Model) and mean of
vitamins and sucrose without any hormones. Explants numbers were compared using Duncan’s Multiple Range
were sub cultured to the fresh medium after 3 days Test at p<0.01.
because they were released phenol compounds. 

Shoot Proliferation: The basal nutrient medium
containing MS salts and vitamins and supplemented with In the establishment stage, cultured explants were
BAP, NAA and PG was used in this part of the state. Two grown in the free hormones MS medium with two
experiments were separately designed. In the first subcultures of 3 weeks intervals (Fig. 1-A). Since the
experiment,  BAP  at  the  concentrations  of  0,  1,  2  and explants released high amount of polyphenol compounds
3 mg l  was combined with NAA at  the concentrations in the initial days of culturing in this stage, explants sub1

of 0, 0.1 and 1 mg l . After identifying the optimum cultured to the fresh medium after 3 days. Some explants,1

composition  of  hormones,  in  the  second experiment, especially those from the shoot apex itself, released a
the effect of PG with 0, 50 and 100 mg l  was examined. brown substance from the cut surface into the1

Explants  were  sub  cultured  to the fresh medium every establishment medium. These substances noticeably
3 weeks. Finally, excised single shoot from  multiple decreased the bud growth of shoots. The brown
shoots were transferred to the fresh medium for root substance is possibly a polyphenol that is toxic to the
induction. explants [4]. This problem  resolved  with  sub  culturing

Root Initiation: To establish root proliferation, green and Yan et al.  [18]  reported  that  explants  exuded  less
normal adventitious shoots from shoot proliferation brown material when transferred to the fresh medium after
cultures were excised and cultured on MS medium 3-5 days. 

1

moss (2: 1 v/v) and maintained in growth chamber with

number of axillary shoots) were measured in the both

RESULTS AND DISCUSSION

of explants to the fresh medium after 3 days of cultures.
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Fig. 1: Micropropagation of Rosa damascena Mill. (A) the establishment medium, (B, C) the proliferation stage (D)
Transferred plantlets for acclimatization 

Table 1: The main effect of BAP hormone on numbers of green leaves, brown leaves and axillary shoots of Rosa damascena Mill

BAP (mg/l) Green leaves Brown leaves Axillary shoots

0 18.15±.608**c 10.59±.736**c 3.59±.228**c

1 25.04±1.041b 6.02±.412b 4.67±.151b

2 30.41±1.311a 4.19±.362a 5.33±.214a

3 13.33±.842d 14.89±.532d 3.37±.143c

In each column, means followed by the same letters are not significantly different using Multiple Dunkan Test. * and ** are significant at 5% and 1%

respectively and ns is not significant

Table 2: The main effect of NAA hormone on numbers of green leaves, brown leaves and axillary shoots of Rosa damascena Mill

NAA(mg/l) Green leaves Brown leaves Axillary shoots

0 22.00±1.271**b 8.89±.721 ab 4.33±.191 abns ns

0/1 25.64±1.504a 7.56±.785a 4.53±.205a

1 17.56±.992c 10.32±.930b 3.86±.219b

In each column, means followed by the same letters are not significantly different using Multiple Dunkan Test. * and ** are significant at 5% and 1%

respectively and ns is not significant

In the first experiment of the proliferation stage, BAP in the culture medium was essential for bud break and
significantly increased number of new green leaves and shoot multiplication of R. hybrida [19, 20].
axillary shoots and decreased brown leaves at 1% level It was shown that NAA had a significant effect in the
(Table 1). Therefore, a significant effect of BAP hormone number of green leaves, whereas it had no effect in
was shown in the proliferation stage on growth and numbers of brown leaves and axillary shoots (Table 2).
multiplication of Rosa damascena Mill. The optimal The results of our experiment are supported by the
amount of this hormone for Rosa damascena Mill was 2 findings of [11], who demonstrated that NAA was
mg l  (Table 1). [10] reported that the best BAP necessary for micropropagation of damask rose. Also, [21]1

concentration for micropropagation of Damask rose was and [1] reported that NAA had no significant effect in the
5 µg L  (1.25 mg l ). Inclusion of BAP (1.0-10.0 mg l ) proliferation of rose plants.1 1 1
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Table 3: Effect of different concentrations of BAP and NAA on numbers of green leaves, brown leaves and axillary shoots of Rosa damascena Mill
Treatment (BAP + NAA) (mg/l) Green leaves Brown leaves Axillary shoots
T1(0+0) 18.00±.745**fg 10.00±.928**e 4.00±.408**cde
T2(0+ 0.1) 20.67±1.027ef 8.89±1.379de 4.00±.408cde
T3(0+ 1) 15.78±.703gh 12.89±1.207f 2.78±.222f
T4(1+ 0) 26.11±.754cd 7.33±.799cd 4.56±.294bcd
T5(1+ 0.1) 28.67±1.936bc 5.67±.527bc 4.44±.176bcd
T6(1+ 1) 20.33±1.302ef 5.06±.626bc 5.00±.289b
T7(2+ 0) 30.56±1.773b 4.00±.408ab 5.33±.333ab
T8(2+ 0.1) 36.67±1.667a 2.56±.444a 6.00±.236a
T9(2+ 1) 24.00±.898de 6.00±.408bc 4.67±.408bc
T10(3+ 0) 13.33±1.155hi 14.22±.662f 3.44±.176ef
T11(3 +0.1) 16.56±1.501gh 13.11±.873f 3.67±.289def
T12(3+ 1) 10.11±.857i 17.33±.601g 3.00±.236f
In each column, means followed by the same letters are not significantly different using Multiple Duncan Test. * and ** are significant at 5% and 1%
respectively and ns is not significant

Table 4: The main effect of PG on numbers of green leaves, brown leaves and axillary shoots of Rosa damascena Mill
PG Phloroglucinol (mg/l)
---------------------------------------------------------------------------------------------------------------------------------------------------
0 50 100

Green leaves 25.26±.776b 26.41±.705ab 27.78 ±.667 a**

Brown leaves 4.67±. 325a 5.41±.263a 5.15±.365 ans

Axillary shoots 4.19±.160c 4.74±.137b 5.44±. 180 a**

Values indicated with ** are significant at 1% level and ns are not significant. 

Table 5: Effect of different concentrations of BAP, NAA and PG on numbers of green leaves, brown leaves, axillary shoots of Rosa damascena Mill
Treatment (BAP+NAA+ PG) (mg/l) Green leaves Brown leaves Axillary shoots
T1(1+0+0) 20.22±.465**f 6.22±.324 ef 3.67±.289**ens

T2(1+0+50) 22.11±.611e 6.56±.294f 4.56±.294cd
T3(1+0+100) 26.00±.500cd 7.11±.261f 4.89±.309bcd
T4(2+0+0) 26.22±.324cd 4.89±.309cd 4.22±.222de
T5(2+0+50) 27.11±.633c 5.44±.294de 4.44±.176cd
T6(2+0+100) 25.11±.351d 5.00±.408cd 5.44±.176ab
T7(2+0.1+0) 29.33±.441b 2.89±.351a 4.67±.236cd
T8(2+0.1+50) 30.00±.289b 4.22±.401bc 5.22±.147bc
T9(2+0.1+100) 32.22±.465a 3.33±.408ab 6.00±.333a
In each column, means followed by the same letters are not significantly different using Multiple Dunkan Test. * and ** are significant at 5% and 1%
respectively and ns is not significant

Results also showed that there was significant micropropagation using of PG has already been described
difference among of 12 treatments into number of green by [22 & 23]. PG is a phloridzin derivative and its main use
leaves, brown leaves and axillary shoots at 1% level is in rooting [24, 25, 26] but sometime it could be used as
(Table 3). Maximum growth and multiplication rates were a component that reduce vitrification and increase
obtained in treatments of 5 (1 mg l  BAP and 0.1 mg l proliferation [27, 28]. Positive effects of phloglucinol on1 1

NAA),  7  (2  mg  l   BAP)  and  8  (2  mg  l    BAP  and the stimulation of growth and shoot proliferation have1 1

0.1 mg l  NAA) therefore, they were used in the second been reported for some woody species [29, 30]. PG acted1

experiment (Table 3). However, the highest number of synergistically with BA in inducing early bud break and
green  leaves  and  axillary  shoots  were  produced  with high frequency shoot  proliferation of Vitex negundo L.-
2 mg l  BAP and 0.1 mg l  NAA (Table 3). an aromatic medicinal plant [13]. Demiralay et al. [31]1 1

In the second experiment, data was shown a achieved shoot multiplication of Ficus carica var. Bursa
significant effect of PG on number of green leaves and Siyaki on MS medium containing 1 mg l  BA and 89 mg
new axillary shoots per explant at 1% level (Table 4). PG l  phloroglucinol. Debabrata and Prakash [32] reported
enhanced the multiplication rate up to 30% compared to that phloroglucinol fostered multiple shoot formation,
mediums without PG. Improved performance of promoted axillary shoot proliferation in potato.

1

1
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Phloroglucinol activates ERK, an  important  component CONCLUSION
of intracellular signaling cascades  and  activated  ERK
participates in a wide range of cellular programs including
proliferation, differentiation and movement [33, 34]. In
addition, the ERK pathway is known to influence the
expression of several genes, which are mostly involved in
cell proliferation. Reactive oxygen species (ROS) such as
superoxide anion, hydroxyl radicals and H O , are2 2

unwanted and toxic byproducts formed during aerobic
metabolism. ROS can initiate injurious degradative
reactions causing cell death and tissue damage via
apoptosis and/or necrosis in the cells and tissues of
plants. There are many reports that indicate PG exhibits
the antioxidant effect against ROS [35, 36]. 

Treatments showed a significant effect on number of
green leaves, brown leaves and axillary shoots (Table 5).
On the base of mean comparison, treatment of 9 (2 mg l 1

BAP + 0.1 mg l  NAA + 100 mg l  PG) was selected as1 1

desirable composition (Table 5). Khosh-Khui and Sink
[11] concluded  that  the  best  hormonal  compound  for
in vitro propagation of Damask rose is BA  (2  mg l )1

and  NAA  (0.1  mg l ). Fig. 1-B, C show proliferation1

stage and shoot multiplication of Rosa damascena Mill.
In  rooting  of  propagated  shoots,  ½  strength of

MS medium containing IBA at the concentration 2 mg l 1

with  up  to  80%  rooting   were   more   suitable  than
other treatments  (Data  are   not   presented).  Although
it appears  to  be  relatively  easy  to  proliferate  rose
shoots  in  vitro,  rooting  is  frequently  difficult.  There
are  some  reports  which  state  in  vitro  rooting  of  old
roses   (including   Damask   rose)   are   more  difficult
than modern roses [37]. Khosh-Khui and and Jabbarzadeh
[38] suggested that  rooting  is  affected  by genotype;
MS medium salts concentration, cold dark treatment and
auxin type. In this research, reduced salt concentration
increased rooting in MS medium, in accordance with [4].
In most of the earlier reports,  varying  concentrations  of
different  auxins have  been  used   for   root  induction
[39, 37]. In this report, the most roots and the high
survival percentage of plantlets (up 80 %) were initiated
per explants on half-strength MS medium containing IBA
at the concentration 2 mg l . This result is similar with the1

reported results of [37, 40, 41]. 
After 2 weeks, in order to acclimatization plantlets

were transferred to the small pots containing perlite in a
growth chamber (Fig. 1-D) and then, the plants were
transferred to large plastic pots containing perlite and
peat moss and maintained in the growth chamber for
further growth after 4 weeks.

The investigation showed that the best shoot
proliferation was obtained at 2 mg l  BAP + 0.1 mg l1 1

NAA + 100 mg l  PG in full-strength MS medium, while1

rooting of shoots improved with half-strength MS medium
containing of IBA at the concentration of 2 mg l . To the1

best of our knowledge the literature offers no reports of
usefulness of PG in the shoot proliferation of rose, though
there are descriptions of it in other some plants. In this
work, PG strongly enhanced the adventitious shoot
proliferation rate of rose plants. Our present work
provides a practical protocol for efficient axillary bud
multiplication from Rosa damascena Mill.explants using
BAP, NAA and PG.
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