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D

In vitro cultivation method is a proper way to fast propagation of commercial
rose cultivars with high uniformity, and even today, it is regarded as a desirable
solution for correction through genetic manipulation. In order to study the effect
of hormone and culture medium on the micropropagation potential of GolD
damask rose, an experiment was conducted as a completlely randomized design
with three replications. In this study, Lateral bud explants, 5 culture media
including MS, 1.2 MS, VS, 1.2 VS, and WPM with four plant growth regulators
including benzylaminopurine (BAP), 2-isopentenyl adenine (2iP), naphthalene
acetic acid (NAA), and indole butyric acid (IBA) were evaluated at concentrations
of 0, 0.5, 1, and 1.5 mgL-1. The results of analysis of variance showed a significant
difference between culture media, type and causality of hormones, and their
interaction for the studied traits. The best response for these traits was obtained
from VS medium, and the weakest response was taken from WPM medium. The
results of interaction effect showed that the highest values for shoot length,
greenness, percentage of yellow leaves, fresh and dry weight of shoots in VS
medium were obtained using BAP hormone at a concentration of 1.5 mgL-1. The
highest mean of rooting percentage, fresh and dry weight of roots was obtained in
VS medium using 1.5 mgL-1 IBA.

1. Introduction
amask rose flower (Rosa damascena
Mill) is one of the most significant
species of Wardsans. With a height of
about one to two meters, deciduous
shrubs have many flowering and
prickly branches. This product is mostly
planted in 11 provinces of Iran, among which
Isfahan, Fars and Kerman provinces have the
highest under-cultivation area and flower
production [1]. The importance of Damask rose

cultivation is its flower production. The
essential oil and oil extracted from the petals
are used in producing medicine and health
cosmetics. Its dried petals, roses, and buds are
also widely used in food industry. The classic
and common methods of propagation of
Damask rose are cuttings, root stocking, and
grafting. Although propagation by vegetative
organs is a dominant technique in most roses,
the health and disease-free nature of plants
obtained from these methods cannot be
confirmed. Other limitations of such traditional
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ways are seasonal dependence, high
reproduction costs, laborious work, and slow
reproduction rates. Thus, using other methods
of asexual reproduction that lead to production
can be a good solution for these problems [2].
For years, applying micropropagation in
plant propagation and production has attracted
the attention of most researchers. This might be
due to using traditional methods in plant
propagation, especially globular plants which
despite taking a lot of time can lead to the
spread of diseases. Therefore, to produce
healthy and uniform plants in short periods of
time, it is necessary to use tissue culture
methods. Plant tissue culture includes in vitro
culture of plant components, i.e. tissue, organ,
embryo, single cell, and protoplast, performed
on nutrient culture medium and under sterile
conditions. Each part of a plant is able to
produce a complete embryo under suitable and
special conditions. In laboratory cultures, all the
chemical and physical needs of the plant organ
must be met by the culture tube, the external
medium, light, temperature, etc., and
particularly, the culture medium [3, 4].
Culture medium is one of the most
important components of plant tissue culture
techniques and its successful application
depends largely on culture mediums with right
composition [5]. Different culture media vary
greatly in ion composition and concentration.
Ingredients of such media include mineral salts
(high and low consumption elements) as a
provider of maximum growth, amino acids and
vitamins as nitrogen, sugar as a source of
carbon and energy, agar as an aggregate of
culture medium, and growth regulators as
stimulate of growth, morphology and
organogenesis [6]. One of the most important
stages of micropropagation is the stage of
branch propagation, since preparation of
suitable shoots for rooting begins from explants
which are used for mass propagation.
Organogenesis in vitro depends on the use of
plant hormones as well as the ability of tissues
to respond to hormonal changes during culture
[7].
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Reproduction rate is affected by plant
regulators, especially cytokinins. The presence
of cytokinin helps to sample repoduction in
culture medium. It plays a key role in cell
division in plant tissues by controlling cell
division and influencing factors that inhibit cell
passage through cell division cycle. In addition
to regulating the rate of division, this hormone
also stimulates the growth of lateral buds.
However, the amount of external regulators
depends mostly on genotype and amount of
internal hormone in plant. However,
monitoring differentiation processes generally
depends on presence of auxin and cytokinin,
and their balance can lead to production of
shoots and roots [8, 9].
During the rooting stage, the onset of roots
in explants in vitro culture is a significant part
of micropropagation. The ability of plant tissue
to form aberrant roots depends on internal and
external factors such as hormones. Much
research has been done on effects of growth
regulators of auxin group on rooting of cuttings
in various plants. The most important synthetic
auxins are indolebutyric acid and naphthaleneacetic acid, which are relatively more active
than pure auxin of indol-acetic acid, and causes
celluar division, lengthening, and growth, and
stimulates formation of ectopic roots [10, 11].
Therefore, the aim of the present study was to
investigate the effects of culture type, type and
concentration of growth regulators on
branching and rooting of Damask rose in in
vitro conditions and to prepare optimal
instructions for propagation of Damask rose
shrubs in in vitro conditions.
2. Materials and Methods
In order to micropropagate Rosa damascene,
a study was conducted in two separate factorial
experiments in a completely random design
with three replications in the tissue culture
laboratory of Agricultural Biotechnology
Institure, University of Zabol in 2020.
2.1. Preparation of Plant Samples
Suitable explants required for this
experiment were taken from proper and fullflowered rootstocks of Damask rose flowers
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grown in the research farm of University of
Zabol. After transferring to pots, they were kept
in the tissue culture greenhouse of the
Agricultural Biotechnology Center until the
beginning of the experiment. The explants
obtained from single-node cuttings of the stem
were placed under running water for 30
minutes after disinfection, and then were
washed with a few drops of detergent. In all
disinfection treatments, final rinsing of the
explants was performed in sterile conditions
under a laminar hood 3 times at intervals of 5,
10, and 15 minutes with sterile distilled water.
2.2. Experiment 1: Analysis of Effect of
Medium, Type, and Concentration of Growth
Regulators on Shoot Regeneration
In this experiment, MS, 1.2 MS, VS, 1.2 VS,
and WPM medium containing 0, 0.5, 1, and 1.5
mgL-1 benzylaminopurine (BAP), 2 -Isopentenyl
adenine (2iP) were used to proliferate rose
explants. After 4 weeks, the desired growth
indices such as shoot length, fresh and dry
weight of shoots, percentage of greenness and
yellowing of leaves were measured.
2.3. Experiment 2: Analysis of Effect of
Medium, Type, and Concentration of Growth
Regulators on Rooting
In the second stage, for in vitro rooting,
shoots taken from MS, 1.2 MS, VS, 1.2 VS and
WPM media with three different concentrations
of Tallin acetic acid (NAA) and indole butyric
hormone Acid (IBA) (control, 0.5, 1, 1.5 mgL -1)
were used. After 21 days, the desired growth
characteristics (percentage of rooting, fresh and
dry weight of roots) were measured.
After preparing the nutrient media of each
experiment, their pH was adjusted to 5.7 and
after adding agar at 121 °C, they were
disinfected by autoclave. The incubation
conditions used to maintain cultures in these
experiments were 25±11 and 16 hours of light
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and 8 hours of darkness. Duncan's multiple
range test was also performed.
Data related to different experiments in this
study were analyzed using SAS ver 9.1
statistical software and the mean of treatments
was compared with Duncan's multiple range
test.
2.4. Data Analysis
Statistix 10 software was used for statistical
calculations. Mean comparison was performed
using the least significant difference (LSD) at
the level of one percent and Excel software was
also used to draw the shapes.
3. Results
3.1. Wet and Dry Weight of Air Organs
The results of analysis of variance showed
that the effect of different levels of hormone,
culture medium, surface concentration of 1%
was significant and their dual effects on fresh
and dry weight of aerial organs were at 5%
level, but its triple interactions were not
significant (Figure 1, Table 1). The results of
comparing the mean on interaction of culture
medium and hormone showed that by changing
the type of culture medium and hormone, the
fresh and dry weight of the aerial organ
experienced a significant change, so that the
highest fresh and dry weight of the aerial part
was related to BAP hormone and VS culture
medium (Table 2). Moreover, the results of the
interaction in Table 3 showed that as a result of
an increase in concentration of hormones, the
fresh and dry weight of air organs had a rising
trend, so that the highest fresh and dry weight
of air organs was related to the concentration of
1.5 mgL-1 in BAP hormone. Based on the results
of the interaction between culture medium and
concentration, it was found that the highest
amount of studied traits was related to VS
culture medium with a concentration of 1.5
mgL-1 (Table 4).
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Figure 1. Shoots produced in VS medium and 1.5 mgL-1 IBA of Rosa damascena Mill.

(Planting of Lateral bud Explants (A), Branching (B), Rooting(C))

Table 1. Results of analysis of variance Effects of culture medium, hormone and concentration on
some branching characteristics of Damask rose in in vitro conditions
Fresh
Dry
Degree of Yellow leaf
Stem
Sources of changes: medium
weight
weight of
freedom
percentage length
of shoots
shoots
**
**
**
Medium
4
68242.73
7.16
0.312
0/044**
**
**
**
Hormone
1
2398.14
1.29
0.327
0.017**
Concentration
2
857.47**
0.192ns
0.069**
0.0045**
Medium*Hormone
4
1139.78**
1.25**
0.245*
0.015*
**
**
*
Medium* Concentration
8
243.04
0.79
0.021
0.0044*
**
**
*
Concentration*Hormone
2
184.37
0.255
0.012
0.0011*
Concentration*Hormone*Medium
8
135.01ns
0.499 ns
0.042 ns
0.0009 ns
Error
58
6.35
0.147
0.0107
0.00063
C.V.
7.13
9.97
6.52
5.32
3.2. Stem length
medium. However, the results of the interaction
of hormone and concentration revealed that
The results of analysis of variance showed
with increasing the concentration of hormones,
that stem length was affected by different levels
stem length showed a more increasing trend
of hormone, culture medium, concentration and
than other levels, so that the maximum stem
their dual effects, and the difference was
length was recorded in concentration of 1.5
statistically significant (%1), yet their triple
mgL-1 BAP (Table 3). Based on the results of the
interactions were significant (Table 1). The
interaction
of
culture
medium
and
results of comparing the means in Table 2
concentration, it was found that the highest
showed that by changing the type of culture
value of the studied trait was related to VS
medium and hormone, the stem length could
culture medium and concentration of 1.5 mgL-1
change significantly, so that the highest stem
(Table 4).
was related to BAP hormone and VS culture
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Table 2. Comparison of mean interaction of hormone type and culture medium on some branching
characteristics of Damask rose
Fresh
Dry
Treatments
Green leaf
Yellow leaf
Stem
weight of weight of
Medium
Hormone
percentage
percentage length
shoots
shoots
VS
87.87a
21.4c
5.008a
2.05a
0.606a
1/2VA
37.96c
24.79c
4.51a
1.61bc
0.504b
BAP
MS
31.29cd
37.18b
3.79b
1.47de
0.448c
1/2MS
25.19d-g
34.14b
3.7b
1.61bc
0.444c
WPM
20.20fg
22.7c
2.84c
1.48c-e
0.433cd
VS
49.89b
23.47c
4.58a
1.51c-e
0.484b
1/2VA
30.13c-e
22.25c
3.61b
1.63b
0.490b
2iP
MS
28.57d-f
15.58d
3.73b
1.45e
0.489b
1/2MS
19.8g
38.17b
3.36bc
1.56c-e
0.472cd
WPM
22.51e-g
57.5a
3.37bc
1.46e
0.407d
The means with similar letters in each column do not have any significant difference.

3.3. Percentage of Green and Yellow Leaves
The results of analysis of variance showed
that the percentage of green and yellow leaves
of the plant was affected by different levels of
hormone, culture medium, concentration and
their dual effects. Also, the difference was
statistically significant at the level of %1, but
their triple interactions were not significant
(Table 1). The results of comparing the mean on
the interaction of the effect of culture medium
and hormone showed that by changing the type
of culture medium and hormone, the
percentage of green and yellow leaves had a
significant change so that the highest and

lowest percentages of green and yellow leaves
belonged to BAP hormone and VS culture
medium, respectively (Table 2). On the other
hand, the results of the interaction of hormone
and concentration showed that with an
increase in concentration of hormones, the
percentage of green and yellow leaves had an
increasing trend, so that the highest
percentages of green and yellow leaves were
related to the concentration of 1.5 mgL -1 BAP
and 1.5 mgL-1 2iP (Table 3). Also, based on the
results of the interaction of Table 4, it was
found that the highest and lowest values of the
studied traits were related to VS culture
medium and concentration of 1.5 mgL-1.

Table 3. Comparison of mean interaction of hormone type and concentration on some branching
characteristics of Damask rose
Treatments
Green leaf Yellow leaf
Stem
Fresh weight
Dry weight
Hormone
percentage percentage length
of shoots
of shoots
Concentration
0.5 mgL-1
33.75bc
24.3e
3.8bc
1.6ab
0.482ab
BAP
1 mgL-1
38.68b
26.39d
3.96b
1.61ab
0.485ab
1.5 mgL-1
49.08a
30.09bc
4.14a
1.72a
0.494a
0.5 mgL-1
27.63d
31.89bc
3.76bc
1.5b
0.445bc
2iP
1 mgL-1
29.62c
32.2b
3.73bc
1.51b
0.454bc
-1
1.5 mgL
33.28bc
33.61a
3.69c
1.55b
0.480ab
The means with similar letters in each column do not have any significant difference.
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Table 4. Comparison of mean interaction effect of concentration and type of culture medium on
some branching characteristics of Damask rose
Treatments
Fresh
Dry
Green leaf
Yellow leaf
Stem
Medium
weight of
weight of
percentage
percentage
length
concentration
shoots
shoots
VS
61.5b
23.04cd
4.58b
1.73bc
0.502b-d
1/2 VA
32.81de
24.31cd
3.38d
1.55c-e
0.482b-e
MS
0.5 mgL-1
17.27f
18.34e
4.02b-d
1.45e
0.459d-f
1/2 MS
23.34ef
25.24cd
3.7c-e
1.52c-e
0.452d-g
WPM
18.53f
44.62a
3.23de
1.5de
0.422fg
VS
70.51ab
25.07cd
4.74b
1.77ab
0.531b
1/2 VA
32.6de
22.43cd
4.18bc
1.58b-e
0/482b-e
MS
1 mgL-1
25.1d-f
24.95cd
3.65c-e
1.47e
0.469d-f
1/2 MS
21.43ef
37.57b
3.57c-e
1.53c-e
0.433e-g
WPM
21.12ef
36.45bc
3.01e
1.44e
0.433e-g
VS
74.64a
19.2e
5.05a
1.84a
0.601a
1/2 VA
36.73cd
23.82cd
4.63b
1.73bc
0.527bc
MS
1.5 mgL-1
47.42c
35.84bc
3.61c-e
1.44e
0.478c-e
1/2 MS
22.71ef
45.65a
3.33de
1.72b-d
0.423fg
WPM
24.41ef
39.24b
3.08e
1.46e
0.406g
The means with similar letters in each column do not have any significant difference.

3.4. Wet and Dry Weight of Roots

highest fresh and dry weight of roots was
related to IBA hormone and VS culture medium
The results of analysis of variance showed
(Table 6). On the other hand, the results of the
that the effect of different levels of hormone,
interaction of Table 7 revealed that with
culture medium, concentration and their dual
increasing the concentration of hormones, fresh
effects on some growth indices such as fresh
and dry weight of roots had an increasing trend,
and dry weight of roots were significant at the
so that the highest fresh and dry weight of roots
level of %1, but the triple interactions were not
was related to the concentration of 1.5 mgL -1 of
significant (Table 5). The results of comparing
IBA hormone. Moreover, based on the
the mean on the interaction of culture medium
interaction effect of culture and concentration,
and hormone showed that by changing the type
it was found that the highest amount of studied
of medium and hormone, fresh and dry weight
traits was related to VS culture medium and
of roots had a significant change, so that the
concentration of 1.5 mgL-1 (Table 8).
Table 5. Results of analysis of variance of Effects of culture medium, hormones and concentration
on some rooting characteristics of Damask rose in vitro
Percentage Dry weight Dry weight Degree of
Sources of changes
of rooting
of roots
of roots
freedom
Medium
2135.7**
0.031**
0.004**
4
**
**
**
Hormone
3383.68
0.073
0.007
1
Concentration
1098.27**
0.083**
0.0038**
2
Hormone*medium
742.65**
0.015**
0.001**
4
medium*concentration
263.04**
0.006**
0.00097**
8
**
**
*
Hormone*concentration
23.02
0.15
0.0011
2
medium*Hormone*Concentrati
330.3ns
0.0058ns
0.00061ns
8
on
Error
47.3
0.00036
0.00024
58
Degree of Freedom
15.61
5.32
14.15
ns, * and ** are no significant difference, significant difference at the level of %0.5 and %1, respectively
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Table 6. Comparison of mean interaction of hormone type and culture medium on some rooting
characteristics of Damask rose
Treatments
Fresh weight of
Dry weight of
Rooting percentage
Hormone
Medium
roots
roots
VS
78.41a
0.487a
0.150a
1/2VA
45.49bc
0.385b
0.126ab
IBA
MS
40.89b-d
0.358b
0.107bc
1/2MS
50.98b
0.397ab
0.116bc
WPM
35.04cd
0.301b
0.091c
VS
45.51bc
0.339b
0.116bc
1/2VA
38.74cd
0.343b
0.095bc
NAA
MS
40.65b-d
0.353b
0.104bc
1/2MS
35.04cd
0.316b
0.096bc
WPM
29.56d
0.292c
0.089c
The means with similar letters in each column do not have any significant difference.

3.5. Rooting Percentage
The results of analysis of variance showed
that the effect of different levels of hormone,
culture medium, concentration and dual effects
on rooting percentage was significant at the
level of %1, but their triple interactions were
not significant (Table 5). The results of
comparing the mean on the interaction of
culture medium and hormone also showed that
the highest percentage of rooting was related to
IBA hormone and VS culture medium (Table 6).

On the other hand, the results of the interaction
of Table 7 showed that with increasing the
concentration of hormones, the percentage of
rooting showed an increasing trend, so that the
highest percentage of rooting was related to the
concentration of 1.5 mgL-1 of IBA hormone.
Based on the interaction effect of culture and
concentration, it was found that the highest
amount of studied traits was related to VS
culture medium and concentration of 1.5 mgL-1
(Table 8).

Table 7. Comparison of mean interaction of hormone type and concentration on some rooting
characteristics of Damask rose
Treatments
Rooting
Fresh weight
Dry weight of
Hormone
Concentration
percentage
of roots
roots
0.5 mgL-1
45.25bc
0.356b
0.113b
IBA
1 mgL-1
49.44ab
0.384b
0.117ab
-1
1.5 mgL
55.77a
0.417a
0.124a
0.5 mgL-1
30.97d
0.246c
0.082d
NAA
1 mgL-1
38.08cd
0.346b
0.104c
-1
1.5 mgL
44.64bc
0.393b
0.116ab
The means with similar letters in each column do not have any significant difference

20

Journal of Plant Bioinformatics and Biotechnology

2021, Volume x, Number x

Table 8. Comparison of mean interaction effect of concentration and type of culture medium on
some rooting characteristics of Damask rose
Treatments
Rooting
Fresh roots'
Dry roots weight
Medium
Concentration
percentage
weight
VS
0.5 mgL-1
47.61cd
0.326bc
0.1c
1/2 VA
0.5 mgL-1
36.56de
0.285bc
0.094c
MS
0.5 mgL-1
35.37de
0.302bc
0.099c
-1
1/2 MS
0.5 mgL
35.1de
0.336bc
0.104bc
WPM
0.5 mgL-1
35.92de
0.255c
0.09c
VS
1 mgL-1
63.11b
0.412ab
0.141ab
1/2 VA
1 mgL-1
40.39c-e
0.418ab
0.122abc
-1
MS
1 mgL
38.23de
0.359bc
0.102bc
1/2 MS
1 mgL-1
49.81c
0.346bc
0.102bc
WPM
1 mgL-1
27.32e
0.292bc
0.084c
VS
1.5 mgL-1
75.17a
0.502a
0.158a
1/2 VA
1.5 mgL-1
49.39c
0.389abc
0.116bc
-1
MS
1.5 mgL
48.7c
0.405ab
0.117bc
1/2 MS
1.5 mgL-1
44.11cd
0.387abc
0.112bc
WPM
1.5 mgL-1
33.65de
0.342
0.097c
The means with similar letters in each column do not have any significant difference

4. Discussion
In order to culture the plants of rose family,
mostly Murashige and Skoog (MS) andVan der
salm (VS) media and in a few cases, Schenk and
Hilderbrandt (SH) and Woody plant medium
(WPM) media were used [12]. Based on the
results of this study, it was found that there
were significant differences between MS, 2.1
MS, VS, 1/2 VS and WPM media. Also, several
differences were reported in type and amount
of some
low-consumption
and
highconsumption elements and compounds, so the
differences in the in vitro yield of the Damask
rose refer to these differences as well. These
results are in line with the findings of Moradian
et al. [12], Imani Rastaei et al. [13], and Eghbali
Sharhjini et al. [14]. In distinct experiments, the
researchers compared the effects of two MS and
VS media, five DKW, WPM, B5, L2, MS, N6
media, and four QL, VS, MS and NN media,
respectively, and concluded that there were
significant differences between these different
media. This result also confirms the results of
the present study.
Accordingly, in comparison with MS and
WPM medium, FeEDTA iron was removed and
replaced by FeEDDHA in VS medium. Also,
potassium nitrate was removed and replaced
by potassium sulfate in WPM medium

compared to MS and VS medium, while the
amount of Sulfate ion in WPM medium was 4.4
times higher than its value in VS and MS
medium. Other differences between the three
studied media were their nitrate and
ammonium contents, which are added to the
culture as the main source of nitrogen supply.
Although the ratio of nitrate to ammonium was
almost equal in the three media, their values in
the media varied greatly, so that the nitrate
content in MS and VS is 3.83 times higher than
in WPM, and their ammonium content is 4.12
times higher than WPM.
According to Moradian et al. [12], Bolandi et
al. [15], and Saadat et al. [16], in analyzing the
effect of type of culture medium on shoot
length, the best type of base medium on the
proliferation of Damask rose flower specimens
was VS medium (MS containing FeEDDHA iron
chelate), so that VS medium significantly
increased shoot length. The results of this
experiment are in line with those of researchers
working on Chinese marshmallow [17], bitter
almond [18], and rose [19]. Research results on
Chinese marshmallow [20] and two species of
Rosa, beggeriana and Rosa Canina [12] showed
that the highest mean branch length was
obtained in MS medium with FeEDDHA (VS)
compared with MS with FeEDTA [17]. Also, in a
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study conducted by Bayanati et al. [21] on the
species Rosa hybrid cv. Black baccarat, it was
reported that since VS is superior to MS and
WPM, it is the best culture for breeding this
species, so that the highest and lowest branch
heights were related to VS and WPM culture
medium. In another report, it was stated that VS
medium was superior to MS and WPM in all
evaluated indices, whereas WPM culture
medium had the lowest value in all studied
indices, mainly due to its higher ionic strength
[17].
Evaluation of the effect of culture medium
type on some growth indices such as fresh and
dry weight of roots and aerial parts showed
that the explants grown first in VS and then in
MS medium had the highest mean compared to
other media. These findings were in line with
those of Moradian et al. [12] and Zarei et al.
[22] showing that the explants grown in VS and
MS medium are superior to other media. Also,
Zarei et al. [22] investigated the effect of
different culture media including MS and WPM
on some Gisela 6 basic growth indices and
concluded that MS nedium was superior to
WPM and other experimental mediums.
Therefore, in analysis of important growth
characteristics, this medium had a better
performance, which in turn, confirms the
results of the present study.
However, in studies conducted by Feizi et al.
[20], the effect of VS, WPM and MS mediums
weas investigated on Chinese marshmallow and
it was reported that there is a significant
difference between the studied mediums. Also,
in terms of all growing indicators. VS medium
was superior to WPM and MS, which confirms
the results of this study showing superiority of
VS medium to other media. Likewise, in another
study done by Eghbali et al. [14] on VS medium
and several other culture media, it was found
that VS medium had the highest weight and
dryness of shoots compared to NN and MS
media.
One reason for this superiority is presence of
FeEDDHA iron along with most ammonium,
nitrate and chlorine ions [19]. Fe-EDDHA iron
chelate increases the solubility of iron in the

22

Journal of Plant Bioinformatics and Biotechnology

plant growth medium in vitro to provide more
iron to the plant (Feizi et al., 2015). Increasing
the concentration of trace elements such as Fe
in the culture medium causes better access to
nutrients and in turn, increases Fe in leaves and
plants. The more the Fe content in leaves, the
more the leaf chlorophyll. Clearly, supplying
required iron in Chlorophyll structure leads to
an
increase
in
photosynthesis
and
materialization which consequently, increasing
photosynthesis and materialization provides
more dry matter [23]. On the other hand, in pH
< 5.5, Fe-EDDHA preserves its solubility and
provides more iron to the plant, so an increase
in vegetative growth of the plant is obtained
[24]. Another role of iron, which increases
vegetative growth is nitrogen fixation.
Since nitrogen is involved in the synthesis of
some enzymes, its levels have an immediate
effect on cell division and plant growth. In other
words, photosynthesis is influenced by the
amount of nitrogen in plants [25]. Therefore, as
mentioned earlier, the higher fresh and dry
weight of shoots and roots in VS culture
medium may be due to the presence of large
amounts of nitrogen, especially nitrate, as well
as an iron source in the form of FeEDDHA,
because an increase in iron level can facilitate
photosynthetic electron transfer, increase CO2
stabilization, and improve concentration of
starch and soluble carbohydrates in plants
during the growing season, and finally, enhance
production of dry matter in the plant.
In addition to the effect of culture medium
on performance of plant micropropagation
traits, hormones are also a key part in cell
stimulation, bud formation and proliferation, as
well as induction of rooting and their growth
[15]. Based on the results of this study, all
growth indices were affected by different plant
growth regulators and their concentrations, and
there was a significant difference between
various concentrations of growth regulators
and their type on some shoot regeneration
characteristics so a significant increase in shoot
length, freshness, fresh and dry weight of
shoots was recorded along with an increasing
concentration of BAP and 2iP, and the highest
shoot length and percentage of greenness, fresh
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and dry weight of shoots was recorded during
application of 2 mgL-1 BAP. These results are
also in consistent with the findings of other
studies conducted by Feizi et al. [20],
Safarnejad et al. [26], Hajian et al. [27] in which
during the application of BAP hormone with
increasing concentration, fresh and dry shoot
weight, greenness, and shoot length ratio were
more than those in control group.
The presence of cytokinins in culture
medium is necessary for plant regeneration in
vitro, because these hormones are essential for
expression of genes which are suitable for stem
bud differentiation [28]. The ability of different
cytokinins to induce shoot length can be
attributed to factors such as stability, motility,
and rate of hormone synthesis and oxidation, so
it seems that hormonal conditions can be the
determining factor for successful growth of
ectopic bud formation and shoot proliferation
[29].
Rooting in cuttings has a very complex
nature, and many internal factors, including
hormonal treatments, are involved in its
controlling
[30].
Applying
hormonal
treatments, especially auxins, to induce rooting
in in vitro seedlings and to provide enough
roots of suitable size and without callus
formation with good ability after establishment
in soil is also significant. According to Sabatini
et al. [31], the differentiation of root primers
from phloem parenchymal cells depends on the
type and concentration of auxin which is used.
In this way, they are able to respond to
organogenic signals [32].
Based on a study by Mansseri-Lamrioui et al.
[33], the effect of different levels (0.5, 1, 2, 4
mg/l) of IBA, IAA and NAA auxins on rooting of
wild cherry shoots showed different
concentrations of IBA which performed better
than other auxins and could produce the
highest number of roots and the longest root
length. On the other hand, high concentrations
of NAA and IAA stopped root growth and
hindered the rooting rate. Moreover, in another
study by Feizi et al. [20], the effect of 0, 0.1, 0.2,
and 0.4 concentrations of IBA and NAA
hormones on the rooting of Chinese
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marshmallow was evaluated to show that
different concentrations IBA had better yields
than NAA levels, and the highest percentage of
rooting and root length was related to the
concentration of 0.2 mg/l IBA. Yet, in another
report provided by Grossi et al. [34], the effect
of IBA and NAA growth regulators on rooting
traits of Qazvini pistachio was studied and it
was found that the percentage of rooting and
the length and number of roots in the presence
of NAA were much higher than that of IBA. This
finding was contradictory to that of the present
study.
The results indicating the best rooting
percentage obtained during the 2 mg/l IBA
treatment were also is in line with the results of
this study. In a study by Shojaei et al. [35], the
best hormonal combination of IBA and NAA for
rooting of Damask rose cultivar Kashan 2 was
introduced in which 1 mgL-1 treatment had the
highest rooting index. In another study by
Babaei et al. [36] and Heidarpour et al. [30], the
effect of different concentrations of IBA
hormone on rooting of Ficus benjamin Ablaq
and shrub was evaluated and it was concluded
that increase in IBA concentration, rooting
percentage, and the weight of wet and dry roots
was greater than in control surfaces. This is also
in consistent with the results of the present
study.
Based on the results of this study, it was
found that IBA rooting hormone had a better
performance than NAA hormone. This finding
was in line with the results of further studies
done on rooting and root quality in cuttings of
different plants showing that growth regulator
IBA is more effective and efficient than NAA
[37]. Non-toxicity of IBA at high concentrations
[38], lack of its degradation by indole acetic
oxidase, its slower photodegradation compared
with the rapid photodegradation of IAA in
tissue culture medium, IBA slow movement
within tissue as well as its late destruction [39]
may be some main reasons for the better
performance of IBA than IAA.
By
stimulating
root
formation,
carbohydrates and nitrogenous substances are
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transferred from the leaf to the root, which in
turn, increase the weight of the root [40].
5. Conclusion
Propagation, proliferation, and rooting of
rose shoots in in vitro culture are influenced by
a great number of factors such as species,
genotype, cultivar, culture medium, mineral
salts, organic matter, carbohydrates, growth
regulators, and mediumal conditions. Among
these factors, the ratio of auxin concentration to
cytokine and the type of culture medium is the
most significant one. Comparing different
culture media for Damask rose flower
cultivation showed that VS culture medium is
superior to solid culture medium, so an
increase in all growth indices was recorded in
the regeneration stage. Of compounds used to
induce shoot regeneration, the combination of
1.5 mgL-1 BAP has the highest regenerative
ability and the most suitable combination to
induce shoot rooting is 1.5 mg per liter of IBA.
Therefore, based on the results of this study, to
induce rooting and regeneration of the Damask
rose shoots, it is suggested to use VS culture
medium along with simultenous application of
different concentrations of BAP and IBA, since it
is possible to have greater increase in terms of
growing indices and dry matter.
Conflict of interest
The authors declare no conflict of interest.
Consent for publications
All authors read and approved the final
manuscript for publication.
Availability of data and material
The authors declare that they
embedded all data in the manuscript.

have

Ethics approval and consent to participate
No human or animals were used in the
present research.
Author contributions
All authors
manuscript.

24

read

and

approved

the

Acknowledgments
The authors thankfully confess for the
funding of University of Zabol.
Orcid:
Hamide Khajeh
https://orcid.org/0000-0002-0521-7861
Farzaneh Fazeli
https://orcid.org/0000-0003-4432-1933
Ayoub Mazarie
https://orcid.org/0000-0002-7603-3488
Reference
1. Ahmadi Y, Khosh-Khui M, Salehi H, Eshghi S,
Kamgar-Haghighi A A, Karami A. (2019).
Effect of Salinity Stress on Growth and
Biochemical Characteristics of Three
Population of Damask Rose of Iran. Iranian
Journal of Horticultural Science and
Technology, 20(1): 89-98.
2. Gorji-Chakespari A, Nikbakht A M, Sefidkon F,
Ghasemi-Varnamkhasti M, Valero E L.
(2017). Classification of essential oil
composition in Rosa damascena Mill.
genotypes using an electronic nose. Journal
of Applied Research on Medicinal and
Aromatic
Plants,
4:
27-34.
https://doi.org/10.1016/j.jarmap.2016.07.0
04
3. Efferth T. (2019). Biotechnology applications
of plant callus cultures. Engineering, 5(1):
50-59.
https://doi.org/10.1016/j.eng.2018.11.006
4. De S. (2021). Strategies of plant
biotechnology to meet the increasing
demand of food and nutrition in India.
International Annals of Science, 10(1): 7-15.
https://doi.org/10.21467/ias.10.1.7-15
5. Fazeli-Nasab B, Masour O, Mehdi A. (2012).
Estimate of callus induction and volume
immature and mature embryo culture and
respons to in vitro salt resistance in
presence of NaCL and ABA in salt tolerant
wheat cultivars. Intern. Agricult. Crop Sci,
4(1): 8-16.
6. Fazelienasab B, Omidi M, Amiritokaldani M.
(2004). Effects of abscisic acid on callus
induction and regeneration of different
wheat cultivars to mature embryo culture.
News directions for a diverse planet:

Journal of Plant Bioinformatics and Biotechnology

Proceedings of the 4th International Brisbane,
Australia, 26.
7. Espinosa-Leal C A, Puente-Garza C A, GarcíaLara S. (2018). In vitro plant tissue culture:
means for production of biological active
compounds.
Planta,
248(1):
1-18.
https://doi.org/10.1007/s00425-018-29101
8. Govinden-Soulange J, Boodia N, Dussooa C,
Gunowa R, Deensah S, Facknath S, Rajkomar
B. (2009). Vegetative propagation and tissue
culture regeneration of Hibiscus sabdariffa
L.(Roselle). World Journal of Agricultural
Sciences, 5(5): 651-661.
9. Phuong V T B, Dai C M, Hong P T A, Phuong Q
N D. (2018). Biological activity and hairy
roots induction of Hibiscus sabdariffa L.
Science and Technology Development JournalNatural
Sciences,
2(6):
66-74.
https://doi.org/10.32508/stdjns.v2i6.845
10. Tapia M d L, Arbizu C, Beraún F, Lorenzo J,
Escalona M. (2018). Pre-basic seed potato
(Solanum tuberosum L.) production using
temporary immersion bioreactors. Peruvian
Journal
of
Agronomy,
2(1):
9-14.
http://dx.doi.org/10.21704/pja.v2i1.1127
11. Vinter M, Fedorovitch S, Karpushina M,
Gridnev S. (2020). Micropropagation of
rootstocks of stone fruit cultures in vitro.
Paper presented at the BIO Web of
Conferences.
https://doi.org/10.1051/bioconf/20202505
001
12. Moradian M, Bagheri A R, S.H. M, S.H. N, A. S.
(2019). Effect of media composition and
plant growth regulators on in vitro
regeneration of Rosa canina and Rosa
beggeriana. Journal of Plant Research
(Iranian Journal Of Biology), 32(1): 155-165.
13. Imani M, Hoseini Nasr S M, Hatam J,
Jalilvand H. (2018). Effect of Different Media
on Some Morphological Characteristics of
Acacia victoria Benth. In Vitro Conditions.
[Research]. Ecology of Iranian Forests, 6(11):
31-40.
https://doi.org/10.29252/ifej.6.11.31
14. Eghbali Shrjini P, Farokhzad A, Hosseini B H.
(2018). Effect of culture medium, type and
concentration of carbon source on the
proliferation of Gisela 6 rootstock. Research
in Pomology, 3(2): 1-15.

2021, Volume x, Number x

15. Bolandi A R, Hamidi H, Rezagholy A A.
(2016). Effects of culture media and growth
regulators on propagation of rootstock
GF677 in tissue culture conditions. Journal of
Plant Research (Iranian Journal Of Biology),
29(1): 1-14.
16. Saadat Y, Rasti O, Zamani J. (2012). Effects
of different growth regulators, nutrient
media, gelling agents and carbohydrate
sources on shoot multiplication of Pyrus
glabra Boiss. Iranian Journal of Rangelands
and Forests Plant Breeding and Genetic
Research,
20(1):
83-96.
https://doi.org/10.22092/ijrfpbgr.2012.656
5
17. Christensen B, Sriskandarajah S, Serek M,
Müller R. (2008). In vitro culture of Hibiscus
rosa-sinensis L.: influence of iron, calcium
and
BAP
on
establishment
and
multiplication. Plant cell, tissue and organ
culture,
93(2):
151-161.
https://doi.org/10.1007/s11240-008-93544
18. Shibli R A, Mohammad M J, Ajlouni Z I.
(2002).
Growth
and
micronutrient
acquisition of in vitro grown bitter almond
and sour orange in response to iron
concentration from different iron chelates.
Journal of Plant Nutrition, 25(7): 1599-1606.
https://doi.org/10.1081/PLN-120005410
19. Van der Salm T P, Van der Toorn C J, ten
Cate C H H, Dubois L A, De Vries D P, Dons H
J. (1994). Importance of the iron chelate
formula for micropropagation of Rosa
hybrida L.‘Moneyway’. Plant cell, tissue and
organ
culture,
37(1):
73-77.
https://doi.org/10.1007/BF00048120
20. Feizi F, Mousavi M, Chehrazi M. (2015).
Micropropagation of Hibiscus rosa-sinensis
through tissue culture. Applied Crop
Breeding, 3(2): 191-200.
21. Bayanati M, Mortazavi S N. (2013).
Micropropagation from cultured nodal
explants of Rosa hybrida cv’Black Baccara’.
International Journal of Agronomy and Plant
Production, 4(6): 1381-1385.
22. Zarei M, Garoosi G, Nezami E, Hosseini R,
Ahmadi J. (2013). The Effect of Medium,
Carbon Source, Light Spectrum and Style
Treatment of Auxin on Shoot and Root

25

2021, Volume 1, Number 1

Regeneration of Gisela 6 Root Stock. Journal
of Cell & Tissue, 4(2): 169-185.
23. Fathi Amirkhiz K, Amini Dehaghi M,
Heshmati S. (2015). Study the effect of iron
chelate
on
Chlorophyll
content,
Photochemical
efficiency
and
some
biochemical traits in Safflower under deficit
irrigation condition. Iranian Journal of Field
Crop
Science,
46(1):
137-145.
https://doi.org/10.22059/ijfcs.2015.54053
24. Jalil Shesh Bahre M, Movahedi Dehnavi M.
(2012). Effect of zinc and iron foliar
application on soybesn seed vigour grown
under drought stress. Journal of Crop
Production, 5(1): 19-35.
25. Xin C, Qing-wei Y, Jia-lin S, Shuang X, Fuchun X, Ya-jun C. (2014). Research progress
on nitrogen use and plant growth. Journal of
Northeast Agricultural University (English
Edition),
21(2):
68-74.
https://doi.org/10.1016/S10068104(14)60036-2
26. Safarnejad A, Alamdari S B L, Darroudi H,
Dalir M. (2016). The effect of growth
regulators (BAP and IBA) on regeneration,
proliferation and rooting of Natanz pears
plant using in vitro technique. Iranian
Journal of Plant Biology, 8(29): 77-90.
https://doi.org/10.22108/ijpb.2016.21037
27. Hajian S, Alizadeh Ajirlo S, ZaareNahandi F.
(2015). Effects of BAP and TIBA on Shoot
Proliferation of Rosa hybrida L. cv. Full
House in in vitro Culture. Journal Of
Horticultural Science, 29(1): 111-118.
https://doi.org/10.22067/jhorts4.v0i0.2530
4
28. Ho W-J, Vasil I K. (1983). Somatic
embryogenesis in sugarcane (Saccharum
officinarum L.) I. The morphology and
physiology of callus formation and the
ontogeny of somatic embryos. Protoplasma,
118(3):
169-180.
https://doi.org/10.1007/BF01281800
29. Daffalla H H, Abdellatef E, Elhadi E A,
Khalafalla M M. (2011). Effect of growth
regulators on in vitro morphogenic response
of Boscia senegalensis (Pers.) Lam. Poir.
using mature zygotic embryos explants.
Biotechnology research international, 2011:
Article
ID:
710758.
https://doi.org/10.4061/2011/710758
26

Journal of Plant Bioinformatics and Biotechnology

30. Heydarpour-Monfared A, Kiadaliri H,
Jaferyan E, Drikvandi A. (2013). The effect of
Indolebutyric acid and the cutting time on
rooting of Myrtus Communis L. Journal of
Renewable Natural Resources Research, 4(1):
1-8.
31. Sabatini S, Beis D, Wolkenfelt H, Murfett J,
Guilfoyle T, Malamy J, Benfey P, Leyser O,
Bechtold N, Weisbeek P. (1999). An auxindependent distal organizer of pattern and
polarity in the Arabidopsis root. Cell, 99(5):
463-472. https://doi.org/10.1016/S00928674(00)81535-4
32. Blakesley D, Chaldecott M. (1993). The role
of endogenous auxin in root initiation. Plant
Growth
Regulation,
13(1):
77-84.
https://doi.org/10.1007/BF00207595
33. Mansseri-Lamrioui A, Louerguioui A, Bonaly
J, Yakoub-Bougdal S, Allili N, GanaKebbouche S. (2011). Proliferation and
rooting of wild cherry: The influence of
cytokinin and auxin types and their
concentration.
African
Journal
of
Biotechnology,
10(43):
8613-8624.
https://doi.org/10.5897/AJB11.450
34. Garoosi G A, Maleki S, Nezami-Alanagh E.
(2018). Improvement of culture media and
PGRs in Pistacia vera cv. Ghazvini
micropropagation. Journal of Plant Research
(Iranian Journal Of Biology), 31(2): 383-395.
35. Shojaiee K, Ganji Moghadam E, Jajarmi V.
(2018). Investigation effects of culture
media and growth regulators concentration
on proliferation and rooting of Rosa
damascena Mill cv " Kashan 2. Journal of
Medicinal Plants Biotechnology, 4(First): 2836.
36. Babaei H, Zarei H, Hemmati K. (2015). The
Effect of Different Concentrations of IBA,
Type of Plant Rootstock and Timeing of
Cuttings on Propagation of Ficus benjamina
CV. Variegata by Cutting - Graft. [Research].
Journal of Crop production and processing,
5(17):
253-261.
https://doi.org/10.18869/acadpub.jcpp.5.1
7.253
37. Tien L, Chac L, Oanh L, Ly P, Sau H, Hung N,
Thanh V, Doudkin R, Thinh B. (2020). Effect
of auxins (IAA, IBA and NAA) on clonal
propagation of Solanum procumbens stem

Journal of Plant Bioinformatics and Biotechnology

cuttings. Plant Cell Biotechnology and
Molecular Biology, 21(55&56): 113-120.
38. Sharma U, Kataria V, Shekhawat N. (2018).
Aeroponics for adventitious rhizogenesis in
evergreen haloxeric tree Tamarix aphylla
(L.) Karst.: Influence of exogenous auxins
and cutting type. Physiology and Molecular
Biology of Plants, 24(1): 167-174.
https://doi.org/10.1007/s12298-017-04930
39. Al Gethami F R, El Sayed H E S A. (2020). In
vitro: Influence of Various Concentrations of
Plant Growth Regulators (BAP & NAA) and

2021, Volume x, Number x

Sucrose on Regeneration of Chenopodium
quinoa Willd. Plant. Asian Journal of Biology,
9(4): 34-43. Article no: AJOB.60238;
https://doi.org/10.9734/ajob/2020/v9i430
095
40. Rahimi E. (2019). Rooting and shoot growth
of soft-wood cutting of rubber fig (Ficus
elastica Roxb. ex Hornem) in response to
indole butyric acid and paclobutrazol.
Journal of Plant Research (Iranian Journal Of
Biology), 31(4): 972-982.

Copyright © 2021 by SPC (Sami Publishing Company) + is an open access article distributed
under
the
Creative
Commons
Attribution
License(CC
BY)
license
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

27

