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Abstract
Tissue culture and micrografting techniques are known as effective procedures to produce healthy rose rootstocks and high 
quality scions. In order to establish successful micrografting protocol for roses, several factors including different concentra-
tions of Benzylamino-purine (BA) (0, 1, 1.5, 2 mg l−1) + 0.1 mg l−1 α-Naphthaleneacetic acid (NAA), sucrose concentra-
tions (30, 50, 70 g l−1), types of grafting devices (aluminium foil, parafilm, paper bridge), and types of rose scions cultivars 
(Rosa hybrida cv. Red One, R. hybrida cv. Samurai) on two different types of native (Rosa canina) and commercial rose 
rootstocks (Rosa multiflora cv. Natal Briar) were examined. The high micrografting success (100%) was micrografting R. 
hybrida cv. Samurai scion on R. mutiflora cv. Natal Briar rootstock with the paper bridge as the best grafting device in the 
liquid Van der salm (VS) medium containing 2 mg l−1 BA + 0.1 mg l−1 NAA + 300 mg l−1 Casein Hydrolyzate + 2 g l−1 
myo-inositol + 50 g l−1 sucrose. Treating the wounded explants (scions and rootstocks) with silver nitrate (50 mg l−1) during 
the micrografting process, increased the survival of micrografts. The micrografted plants were successfully rooted and well 
acclimatized. The present results provide the first efficient protocol to produce high successful micrografted rose plantlets 
in tissue culture.

Key message 
It is the first research protocol for micrografting of native and commercial roses by considering important factors relating 
to successful micrografting such as plant growth regulators, growth adjuvants, grafting devices, and medium ingredients.

Keywords Culture medium ingredients · Micrografting · Paper bridge · Rootstock · Scion

Abbreviations
BA  Benzylamino-purine
CH  Casein hydrolyzate
CRD  Completely randomized design
Fe-EDDHA  Ethylenediamine di-2-hydroxy-phenylacetic 

acid
Fe-EDTA  Ethylenediaminetetraacetic acid
MS  Murashige and Skoog
NAA  α-Naphthaleneacetic acid
PGRs  Plant growth regulators
PVP  Polyvinylpyrrolidone
VS  Van der Salm

Introduction

Rosa sp. is one of the most popular genus of ornamen-
tal plants, which has always been marketable and highly 
demanded during years (Nybom and Werlemark 2017). 
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Different classifications devided roses into two groups of cut 
and garden flowers (Carins 2003). In order to increase cut 
flower yield production in commercial roses, they are usu-
ally grafted on compatible introduced rootstocks (Aazami 
and Bagher 2010). Producton of high quality roses depends 
on several factors. Some factors are related to progress of 
breeding programs to introduce new cultivars with charac-
teristics improvement including cultivars with new fragrance 
of the flowers, their colors, and long post harvest period 
(Katsumoto et al. 2007; Debener and Byrne 2014; Giovan-
nini et al. 2015; Tholl and Gershenzon 2015; Byrne et al. 
2018; Gupta and Dubey 2018; Ong et al. 2018; Rasouli et al. 
2018; Saini and Keum 2018; Woltering and Maxence 2018). 
On the other hand, new horticultural techniqes such as new 
hydroponic systems (Roosta et al. 2017; Yeo et al. 2017; 
Alvarado-Camarillo et al. 2018; Kaur et al. 2018), and tis-
sue culture protocols in combination with new rootstocks 
can enhance cut flower ̓s yield and economic efficiency as 
well (Hussain et al. 2014; Giovannini et al. 2015; Reis et al. 
2016; Ali et al. 2018; Azadi et al. 2018; Khaskheli et al. 
2018; Malik et al. 2018). Despite all these factors, there are 
some undesired obstacles which can limit high quality rose 
production such as Agrobacterium infections, sensitive root-
stocks, low quality substrates, and saline irrigation supplies 
(Zhou et al. 2000; Gorjian and Ghobadian 2015; Reis et al. 
2016).

Agrobacterium tumefaciens, the cause of the economi-
cally important disease, crown gall, is widely applying as an 
excellent experimental tool for genetic engineering because 
of its remarkable biology, while it’s a limiting factor for 
rose production (Zhou et al. 2000; Shetty et al. 2018). The 
infections occur mostly in grafted regions via a variety of 
ways such as using contaminated gardening tools (grafting 
knives), infected scions, rootstocks and polluted substrates 
(Reynders-Aloisi et al. 1998). In addition to these ways, 
Fuller et al. (2017) has declared that Agrobacterium may 
enter the plant without specific symptoms at a specified time 
and occur in appropriate growth conditions such as hot and 
humid greenhouses. On the other hand, the possibility of 
systematic movement of the bacteria into the internal parts 
of plants has been approved (Marti et al. 1999), which makes 
it easeier for the contamination. Therefore in such cases, 
applying tissue culture and micrografting techniques to pro-
duce healthy plants or replacing sensitive rootstocks with the 
resistant ones are the best solutions to overcome this prob-
lem (Cubero et al. 2006). The resistance of the various rose 
rootstocks to Agrobacterium had been investigated which 
depends on two factors: bacteria strain and the rose cultivar 
(Ishihuro et al. 2006).

Cut roses production is highly limited to hybrid com-
mercial cultivars grafted on rootstocks to obtain sustainable 
relevance (Aazami and Bagher 2010). The rootstock that 
is now established in the world as a suitable and consistent 

rootstock for grafting is a Dutch one (R. multiflora Natal 
Briair) that has been widely cultivated (Nybom et al. 2006). 
Although this rootstock is verified successfully to increase 
the rose cut flower yield, but its sensitivity to Agrobacte-
rium infections and high salinity levels restricts the rose 
production in many parts of the world especially in arid and 
semi arid regions with saline water supplies and water crisis 
(Cabrera and Perdomo 2003; Gorjian and Ghobadian 2015; 
Reis et al. 2016). Replacing existant rootstocks with new 
resistant ones improved by breeding programs or the native 
resistant rootstocks can be a bright solution. Studying roses 
historical background demonstrates several species as rose 
ancestors which according to the systematic studies, contain 
valuable genes for noticeable specifications such as resist-
ance to different biotic, abiotic stresses and diseases which 
encourage scientists for more research to identify and use 
them for practical purposes (Babaei et al. 2007; Folta and 
Gardiner 2009).

Dog Rose (R. canina) is one of the native garden rose 
species, which has spread worldwide (Debener et al. 1996). 
Besides its importance for several applications, it has been 
used as a rootstock for other garden roses and shown to be 
highly adaptable since many years ago (Baktir et al. 2005). 
In addition to noticable charactaristics, several cultivars of 
R. canina showed different levels of resistance to Agrobac-
terium infectios, which depend almost on prevention ability 
and immobilization of the bacterial agent to the rose cells 
(Reynders-Aloisi et al. 1998; Ishihuro et al. 2006). Accord-
ing to the high adaptability of this native endangered rose 
species, due to climatic changes, and the need for new com-
patible rose rootstocks, it can be a good choice to be investi-
gated as a consistent rootstock (Pahlavan et al. 2012).

Micrografting is one of the tissue culture methods for 
mass scale and disease-free propagation of many plants 
especially fruit species (Miguelez-Sierra et al. 2017). First 
studies on the possibility of micrografting had been done 
on citrus and stone fruits (Hussain et al. 2014; Gentile et al. 
2017), after which it was improved by Murashige and Skoog 
(1977) and Navarro et al. (1975). It is obvious that this tech-
nique has already passed a long way and some improve-
ments have been made in this regard (Hussain et al. 2014). 
In spite of many advantages, it has not yet been widely com-
mercialized for the production of ornamental plants like 
roses (Bhat et al. 2010). Several important factors affect the 
growth rate of micrografted in vitro plantlets such as plant 
growth regulators (PGRs), culture medium type, grafting 
devices and natural organic compounds that can promote 
micrografting by increasing cell division and callus induc-
tion (Conejero et al. 2013; Khierallah and Hussein 2013; 
Yıldirim et al. 2013; Ribeiro et al. 2015; Amer et al. 2017; 
Gentile et al. 2017). In particular, the proper attachment of 
the grafted union with a suitable and easily-removable graft-
ing devices with less damages has a significant influence on 
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the micrografting success (Obeidy and Smith 1991; Huang 
and Yu 2015). Several micrografting devices had been used 
to increase success rate, for instance Huang and Millikan 
(1980) applied a filter paper bridge to increase the micro-
grafting success in apple, while Jonard (1986) selected elas-
tic strip as the best one to protect the grafted zone in peach. 
For prunus explants, translucent silicon tubing was provied 
to maintain the contact between the scion and rootstock 
(Gebhardt and Goldbach 1988).

Since several factors influence the micrografting tech-
niques efficiency, establishing its procedure is so impor-
tant. Therefore, in this research, important effective factors 
involved in the micrografting engagement including grafting 
device types, cytokinin and sucrose concentrations, plant 
promotors, scion and rootstock types are investigated and 
for the first time a native rose species (R. canina) is used as 
a rootstock via micrografting technique in comparison to the 
commercial one.

Materials and methods

Plant materials

Two hybrid rose cultivars (R. hybrida cv. Samourai and R. 
hybrida cv. Red One) as scions, R. canina and R. multiflora 
cv. Natal Briar as rootstocks were used to obtain explants. 
R. canina native shoots were isolated from rose nursury of 
horticultural department (N 37°28.2621′, E 57°6.0791′), Fer-
dowsi university of Mashhad, Mashhad, Khorasan province, 
North-East of Iran, and Natal Briar shoots were selected 
from the suckers of grafted unions of commercial culviars 
in rose hydroponic greenhouses. For Samourai and Red One 
explants (the scions), cut flowers of roses with axillary buds 
from hydroponic greenhouses were picked up. In order to 
establish and produce the appropriate in vitro proliferated 
plantlets, lateral buds of new shoots were collected and pre-
pared for sterilization.

Plant micropropagation

The explants were cut approximately 20 mm long with at 
least one axillary bud and disinfected. For sterilization, the 
explants were exposed to running tap water (1 h), 1% beno-
myl fungicide (15 min), 70% ethanol (30 s), 2.5% (W/V) 
sodium hypochlorite (15 min) and finally three times rinsed 
with sterilized distilled water with the intervals of 5, 10 and 
15 min. Murashige and Skoog (1962) (MS) basal medium 
was used for establishment phase. After 4 weeks establish-
ment, the axillary shoots were transferred to the proliferation 
Vandersalm (VS) medium (MS + 100 mg l−1 Ethylenedi-
amine di-2-hydroxy-phenylacetic acid (Fe-EDDHA)) sup-
plemented with 1.5 mg l−1 BAP + 0.1 mg l−1 NAA (Davoudi 

Pahnekolayi et al. 2015a, b). The in vitro plants were sub-
cultured every 4–6 weeks. In order to obtain accurate size 
of the scion and rootstock plantlets for micrografting, they 
were transferred to VS basal medium. For all media prepara-
tion, The pH was adjusted to 5.7–5.8 prior to agar addition 
and autoclaving at 121 °C for 20 min. All samples were 
cultured in standard situation of T-10 Fluorescent lamps [at 
37.5 µmol m−2 s−1 photosynthetic photon flux (PPF)] for 
16/8 (light/dark) photoperiods and 24 ± 1 °C. All culture 
medium contents and PGRs were prepared from Sigma-
Aldrich and Duchefa, respectively.

Plant micrografting

Rootstock and scion preparations for micrografting were 
performed as described previously (Navarro et al. 1975) 
with slight modifications. The rootstock plantlets with 
20 mm long and scion plantlets with the length of 10–15 mm 
were isolated from in vitro axillary shoots for micrografting 
technique. VS liquid medium + 30 g l−1 sucrose + 1.5 mg l−1 
BA + 0.1 mg l−1 NAA + 300 mg l−1 CH + 2 g l−1myo-inositol 
was examined as the basal medium for micrografting pro-
cess. In order to wound sicon and rootstock before micro-
grafting, a microscope binicular device (NTX-3C, Japan) 
was applied. Both scions and rootstocks were soaked in 
50 mg l−1  AgNO3 after cutting. After proper attachment of 
scion and rootstock with grafting devices, they were soaked 
with a drop of silver nitrate stock (50 mg l −1), as well. The 
culture condition was the same as described above. In vitro 
micrografting success was evaluated after 8 weeks. The 
micrografting test was performed in two experiments con-
sidering several factors.

Effect of different types of rootstocks, scions and fastening 
methods on micrografting success

Applying a suitable grafting device is the first and most 
important factor to perform micrografting technique. For 
this purpose, a factorial experiment in Completely Rand-
omized Design (CRD) with 12 treatments and ten repeti-
tions including three types of grafting devices (aluminium 
foil, plastic (parafilm), paper bridge) on two types of scions 
(R. hybrida cv. Samourai and R. hybrida cv. Red One) and 
rootstocks (R. canina and R. multiflora cv. Natal Briar) were 
investigated. Paper bridge is a 1.3 × 3.9 cm handmade instru-
ment with a filter paper that can be adjusted based on the 
size of the rootstock and scion (Obeidy and Smith 1991). 
The micrografting basal medium was applied for this experi-
ment. The culture conditions were maintained as described 
above. In vitro micrografting success was evaluated after 8 
weeks.
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Effect of different types of rootstocks, scions, cytokinin 
and sucrose concentrations on microrafting success

Van der Salm liquid medium supplemeneted with different 
concentrations of BA (0, 1, 1.5, 2 mg l−1) +  sucrose (30, 50, 
70 g l−1) + 300 mg l−1 CH + 2 g l−1myo-inositol + 0.1 mg l−1 
NAA were evaluated in a factorial experiment in CRD with 
24 treatments and ten repetitions on two types of scions (R. 
hybrida cv. Samourai & R. hybrida cv. Red One) for each 
rootstock (R.canina and R. multiflora cv. Natal Briar). The 
effective paper bridge device was used for fastening grafting 
unions for all treatments. Micrografting method and culture 
conditions were the same as experiment one. In vitro micro-
grafting success was measured after 8 weeks at the end of 
the experiment.

Rooting and ex vitro acclimatization stage

After measuring micrografting success, all the successful 
micrografts were transferred to the rooting medium. ½ VS 
mdium in combination with 0.3 mg l−1 NAA + 0.3 mg l−  
IBA was applied for plantlets rooting (Davoudi Pahnekolayi 
et al. 2015a, b). Rooted plantlets were acclimatized in tis-
sue culture room with 25 ± 1 °C and 80% relative humidity 
for 1 month, they were transferred to the greenhouse with 
25 ± 1 °C and 60% relative humidity, respectively. Transpar-
ent plastic bags were used to supply the required relative 
humidity at first acclimatization stage. After 4 months, per-
centage of survived plants was recorded.

Statistical analysis

All the experiments were carried out in CRD with specified 
treatments and repetitions. The results were expressed as 

means of the repetitions ± standard error (SE). All the data 
were normalized in SPSS 19 software and were analyzed 
by one-way analysis of variance (ANOVA) by seperation of 
mean values with LSD post hoc test (p ≤ 0.05).

Results and discussion

Effect of different types of rootstocks, scions 
and fastening methods on micrografting success

It is believed that micrografting is an expensive and costly 
method because of lots of lab work and medium modifica-
tions needed for its performance (Obeidy and Smith 1991). 
The small size and tender texture of the explants, and lack 
of a proper device for fastening the graft region are the main 
problems, which lead to failure in micrografting and suc-
cess rate (Obeidy and Smith 1991; Lane et al. 2003; Aazami 
and Bagher 2010). In this context, there is a need for an 
efficient and simple device to facilitate in vitro micrograft-
ing technique for roses. In this experiment, effect of differ-
ent types of rootstocks, scions and fastening methods were 
assessed using a factorial ANOVA. It was found that the 
R.multiflora Natal Briar rootstock was a more compatible 
rootstock for scions (M = 1.28, SD = 0.45) compared to R. 
canina rootstock (M = 1.15, SD = 0.36) in micrografting, 
F (1, 108) = 4.114, p ≤ 0.05 (Table 1). Two different scion 
types (Samourai and Red One) showed clear differences 
in micrografting success, which Samourai performed high 
success rate (M = 1.28, SD = 0.45) than Red One (M = 1.15, 
SD = 0.36), F(1,108) = 4.114, p ≤ 0.05 (Table 1). The intera-
cion between the rootstock and scion was significant, as well 
F(1,108) = 6.429, p = 0.01 (Table 1) which demonstrates the 
successful vascular connection between scion and rootstock 

Table 1  Effect of different 
types of rootstocks, scions, 
their interaction, and fastening 
methods on micrografting 
success (p ≤ 0.01)

Data are expressed as means ± SE
Means in the same column followed by the same letters are not significantly different at p ≤ 0.01 (LSD 
test). Microrafting success (1 = no success, 2 = 100% success)

Treatments Micrografting 
success mean

Rootstock (A) R. canina 1.15 ± 0.360b

R. multiflora Natal Briar 1.283 ± 0.454a

Scion (B) R. hybrida Red One 1.15 ± 0.360b

R. hybrida Samourai 1.283 ± 0.454a

A × B R. canina × R. hybrida Red One 1.00 ± 0.00b

R. canina × R. hybrida samourai 1.30 ± 0.466a

R. multiflora Natal Briar × R. hybrida Red One 1.30 ± 0.466a

R. multiflora natal Briar × R. hybrida Samourai 1.266 ± 0.449a

Micrografting devices Aluminium foil 1.00 ± 0.00c

Parafilm 1.25 ± 0.438b

Paper bridge 1.40 ± 0.496a
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that plays a crusial role for their combatibility (Badalamenti 
et al. 2016). Despite the compatibility of both scions to Natal 
Briar rootstock, micrografting of Samourai scion on both 
rootstocks showed higher success than Red One (Lane et al. 
2003). For R. canina rootstock, none of the Red One micro-
grafted plants showed success, which might be related to its 
incompatibility, needs more histological studies to find out 
the exact reason (it is not checked in this research).

Usage of three different types of micrografting devices 
showed a significant difference, F(2,108) = 12.6, p ≤ 0.01. 
So that, the highest micrografting success was related to the 
paper bridge (M = 1.4, SD = 0.49) and the least was related to 
the aluminium foil (M = 1.00, SD = 0.00) (Table 1). It should 
be noted that the interaction between the rootstock type and 
the bonding device was not significant, F(2,108) = 1.029, 
p = 0.361. Furthermore, there was no significant differ-
ence between the interaction of the scion type and bonding 
devices, F(2,108) = 1.80, p = 0.170. In spite of the impor-
tance of rootstock and scion compatibility (genetic factors) 
as well as the type of bonding device that plays an important 
role in establishing the vascular relationship between the 
scion and rootstock (Izadi et al. 2014), it seems that other 
factors (environmental ones and cultivation conditions) may 
play a significant role on the success rate of micrografting, 
too (Onay et al. 2016). According to the results of this exper-
iment, the R.canina rootstock did not show high adaptability 
to the Red One cultivar, while in all micrografted samples 
using paper bridge, the Samourai cultivar showed a higher 
success rate, which might be related to high genetic com-
patibility of them. Compatability of Natal Briar rootstocks 
with two mentioned cultivars has been proven many years 
ago and their grafted plants have been widely used in rose 
greenhouses. Thus, in this experiment with regard to the 
significant effect of the micrografting agent types, samples 
micrografted with a paper bridge had shown a greater level 
of progress and sucess in comparison to the same samples 
with parafilm and aluminium foil.

Since, micrografting is a new technique which can 
increase productivity by combining rapid multiplication 
advantage and grafting superior of scion and rootstock 
together in vitro condition, establishment of this technique 
for roses, as one of the important ornamnetal plants is so 
valuable (Obeidy and Smith 1991). The main feature of this 
experiment is the introduction of an effective bonding device 
for rose micrografting as there is no commercial one intro-
duced for ornamental plants up to now (Hussain et al. 2014). 
The type of grafting device in micrografting is more contro-
versial than grafting technique, which many usual devices 
like simple plastic tapes or parafilms or special pin-fasten 
grafting devices can be used easily. Due to the small size 
and diameter of the in vitro plants, choosing a sterile suit-
able device for fastening the micrografted union needs more 
attention (Huang and Yu 2015).

Following the results, the paper bridge has shown better 
performance than other devices. Its use as a bonding agent 
is important in many respects: first, considering its paper 
texture, it is possible to absorb more growth promoters in the 
culture medium and make more contact with the graft region 
to produce calluses for better provided communication in 
the shortest possible time (Abousalim and Mantell 1992). 
Secondly, this device is inexpensive and can be sterilized 
for in vitro conditions easily (Darikova et al. 2011). The 
third advantage is the ability to adjust with different plants 
based on the diameter of the rootstock and scion using two 
movable arms (Kim et al. 2005). Finally, after successful 
micrografting, it can be easily detached from the graft area 
without damaging (Lane et al. 2003).

Considering the mentioned reasons and obtained results, 
the use of a paper bridge can be proposed as a suitable fas-
tening device for rose micrografting. As it is mentioned in 
the materiala and methods, moisturizing the paper bridge 
with silver nitrate plays key role to prevent the production of 
phenolic compounds leading to micrografting failure. Secre-
tion of phenolic compounds from the cut surfaces and their 
oxidation by polyphenoloxidase and peroxidase enzymes 
causes browning tissues that decrease micrografting success 
possibility by inhibitting the growth and development of new 
cells (Jonard et al. 1983). In order to prevent browning of cut 
tissues caused by wounding, several substances such as cit-
ric and ascorbic acid, polyvinylpyrrolidone (PVP) and other 
antioxidant materials can be effective (Hussain et al. 2014).

Effect of different types of rootstocks, 
scions, cytokinin and sucrose concentrations 
on micrografting success

Investigation of various concentrations of BA and sucrose on 
micrografting success of two types of scions and rootstocks 
was analyzed by CRD factorial ANOVA experiment. Differ-
ences of two types of rootstocks (R. canina and R. multiflora 
Natal Briar) were significant, while Natal Briar showed high 
rates of micrografting success (M = 1.54, SD = 0.49) rather 
than R. canina (M = 1.24, SD = 0.43), F(1,432) = 52.69, 
p ≤ 0.01 (Table 2). As it is described in both experiments, 
the effect of rootstock types on micrografting success was 
remarkable and Natal Briar showed high compatibility rate 
in comparison to the native rootstock. Significant differences 
between two types of scions on rootstocks, F(1,432) = 6.53, 
p ≤ 0.05, approved the importance of genetic compatibility 
and relationship which is the necessity of successful micro-
grafting. Regarding to ANOVA analysis, Red One scion 
(M = 1.34, SD = 0.47) migrografted better than Samourai 
(M = 1.44, SD = 0.49) on rootstocks (Table 2). Thus, fol-
lowing the significant interaction between two scions and 
rootstocks in this experiment, F (1,432) = 6.53, p ≤ 0.05, it 
will be possible for us to consider micrografting as the fisrt 
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step for early assessment of rose uncompatibility and genetic 
stablity (Table 2). As results declared, clear differences in 
BA, F(3,432) = 6.47, p ≤ 0.01, and sucrose concentrations, 
F(2,432) = 15.08, p ≤ 0.01, were determined. The best effec-
tive BA concentration on micrografting success was related 
to 2 mg l−1 (M = 1.52, SD = 0.50), while the lowest was 
recorded in control samples (M = 1.29, SD = 0.45) (Table 1). 
The maxium micrografting success mean was observed in 
50 g l−1 sucrose (M = 1.55, SD = 0.49) and the lowest was 
measured in control with 30 g l− 1 (M = 1.29, SD = 0.45) 
(Table 2).

Balanced vascular relationship between the scion and 
rootstock is one of the most determinative factors for pro-
ducing qualitative and productive rose cut flowers either in 
grafting or micrografting techniques (Izadi et al. 2014). In 
addition to genetic factors, several enviornmental variants 
related to the culture condition and micrografting methods 
can lead to success (Kumari et al. 2015; Singh et al. 2018). 
In this experiment, various concentrations of BA as an effi-
cient cytokinin in tissue culture methods of most ornamen-
tal plants and sucrose as one of the most important sugar 
contents of the plant culture medium were combined with 
genetic factors of scion and rootstock types. On the oth-
erhand, quick dip (5–10 min) of microshoots to 50 mg l−1 
silver nitrate stock as an antioxidant, could prevent tissue 
browning and cell death. In fact, replacing MS medium con-
taining Ethylenediaminetetraacetic acid (Fe-EDTA) with MS 
modified medium (VS) including Fe-EDDHA (100 mg l−1) 
as iron source could prevent chlorosis, as well. Fe-EDDHA 
is more photostable than Fe-EDTA, and therefore, chlorosis 

will be reduced if Fe-EDTA is substituted by Fe-EDDHA 
(Tabesh et  al. 2013). Moreover, the existance of some 
growth adjuvants like CH and myo-inositol in combination 
with 2 mg l−1 BA and 50 g l−1 sucrose could promote callus 
formation that resulted in micrografting success (Fig. 1b).

PGRs are not commonly used in traditional grafting to 
increase the grafting success. However, applying a balanced 
ratio of cytokinins and auxins in vitro conditions, will have a 
determinative influence on micrografting success rate (Gen-
tile et al. 2016). They improve callus formation and rapid 
vascular relationship by stimulating the cell division and 
increasing the inner concentrations of plant hormones for 
producing active proteins and activation of related genes, 
that at last lead to successful micrografts (Zhang and Finer 
2016). The response of different plants according to their 
genetic resources and internal conditions would be contro-
versial, as Wang et al. (2011) reported NAA as an effective 
auxin type in increasing the micrografted success in walnut, 
while Rafail and Mosleh (2010) mentioned increasing con-
centrations of BAP from 0 to 2 mg l−1 in micrografting suc-
cess of four cultivars of apple (Malus domestica Borkh.) and 
pear (Pyrus sp. L.) as an effective cytokinin. Recently, rather 
than BAP, supplanting the most in vitro used cytokinins with 
hydroxylated aromatic ones such as meta-topolin that are 
resistant to degradation by oxidases/dehydrogenases can 
significantly increase the success rate (Gentile et al. 2017).

Applying growth adjuvants like CH, l-proline, glutamic 
acid and myo-inositol is recently increased for different 
tissue culture purposes such as somatic embrogenensis 
(Daniel et al. 2018), callus induction (Malik et al. 2017), 

Table 2  Effect of different 
types of rootstocks, scions, BA 
and sucrose concentrations on 
microrafting success (p ≤ 0.01)

Data are expressed as means ± SE
Means in the same column followed by the same letters are not significantly different at p ≤ 0.01 (LSD 
test). Microrafting success (1 = no success, 2 = 100% success)

Treatments Micrografting 
success mean

Rootstock (A) R. canina 1.245 ± 0.431b

R. multiflora Natal Briar 1.541 ± 0.499a

Scion (B) R. hybrida Red One 1.341 ± 0.475b

R. hybrida Samourai 1.445 ± 0.498a

A × B R. canina × R. hybrida Red One 1.441 ± 0.350a

R. canina × R. hybrida samourai 1.350 ± 0.478b

R. multiflora Natal Briar × R. hybrida Red One 1.541 ± 0.500a

R. multiflora natal Briar × R. hybrida Samourai 1.541 ± 0.500a

BA concentrations (mg l−1) 0 1.291 ± 0.456c

1 1.333 ± 0.473b,c

1.5 1.425 ± 0.46a,b

2 1.525 ± 0.501a

Sucrose concentrations (g l−1) 30 1.293 ± 0.456b

50 1.550 ± 0.499a

70 1.337 ± 0.474b
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regeneration (Hosny et al. 2016), and micropropagation 
(Amer et al. 2017) to produce high quality in vitro plants. 
They are sources of nitrate, calcium, phoshphate, several 
microelements, vitamins, and a mixture of up to 18 amino 
acids with the cytokinin activity that could be the reason of 
better in vitro growth (Daniel et al. 2018). Furthermore, the 
effective presence of these growth adjuvants was approved 
by increasing micrografting success. The presence of CH as 
a simple protein in the culture medium can enhance micro-
grafting rate by decomposing into complicated sugar struc-
tures such as glucosamine, galactosamine and mannosamine 
as well as other simple sugars. They are linked together by 
covalent and glycoside bonds with the hydroxyl bonds of 
amino acids such as serine and threonine (Khierallah and 
Hussein 2013). Repeated replacement of serine-thereonine 
receptors through cell plasmodesmata on cut surfaces of 
scion and rootstock in the grafted region may result in the 
abundance of several amino acids and proteins translated by 
specific genes which lead to the callus formation (George 
et al. 2008).

Solid, semi-solid and liquid culture medium are three 
common types of culture media which are using for different 
tissue culture purposes according to the plant developmental 
phase (Zhang and Finer 2016). Liquid medium can provide 
more mineral nutrients and growth regulators up take to the 
microshoots (Hussain et al. 2014), which was applied for 
both experiments in our research (Fig. 1). Rafail and Mosleh 
(2010) observed increased number of successful micrografts 
from 10 to 60% in apple (Malus domestica Borkh.) and 70% 
in pear (Pyrus sp. L.) by changing the medium from solid 
type to the liquid one. Furthermore, a combination of VS 
liquid medium with some sterile substrates like vermiculites 
are suggested to develop micrografts growth and rooting, 
because solid medium or liquid one alone will form asphyxia 
conditions, which prevent rooting development and lateral 
roots formation (Aazami and Bagher 2010).

Conclusion

This report established micrografting as a new and practi-
cal method to overcome some of the cut rose production 
obstacles. R. multiflora cv. Natal Briar showed high micro-
grafting success for both Red One and Samourai scions, 
while R. canina responeded better for Samourai. Applica-
tion of paper bridge in combination with several effective 
factors determining successful micrografting was approved 
in this research. In conclusion, liquid VS medium supple-
mented with 1.5–2 mg l−1 BA + 0.1 mg l−1 NAA + 50 g l−1 
sucrose + 300 mg l−1 CH + 2 g l−1 myo-inositol can be a 
suggested medium for successful micrografting of roses 
with paper bridge as a fastening device.
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