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ABSTRACT 

In Egypt, grape (Vitis vinifera L.) occupies the second class of fruit commodities after citrus, but 
some of grape varieties are ungrafted plants and these are highly sensitive to fungal diseases, nematodes, 
active lime 20% and insects, in specific phylloxera, which are totally cause a highly losses of both 
grape’s yield and quality. Grafting is the best alternative to overcome this constraint. Nevertheless, this 
method is time consuming and needs highly skilled labour to achieve it and spanned 2–3 years of growth 
in nurseries. Therefore, this study was undertaken by using in vitro grafting (micrografting) to cross-
over the above-mentioned obstacle. Four grape species, were selected to be achieve or solve the problem 
as ‘Flame seedless and rootstock cultivars Paulson, Freedom and Salt Creek (Ramsey)’ using ‘Teflon®’ 
tape for cohesion and binding between the micrografted explants, and assessment these combination 
growth performances cultured on MS medium supplemented with the auxin NAA and cytokinin BA at 
0.20 mg/l and 0.50 mg/l respectively under in vitro conditions. Gained results declared that ‘Teflon®’ 
tape has a numerous advantage as enables a maximum connection between the grafted materials and 
achieve 100% survival of the various neoformed micrografts. This study offers a noval innovation of 
highly efficient micrografting using ‘Teflon®’ tape which does not cause any damage to the plant 
materials and micrograftes were grown successfully ex vitro (100%) and appeared to be true - to type 
morphologically.  
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Introduction 

Grapevine (Vitis vinifera L.) is a widespread and highly valuable horticultural crop belongs to 
the family Vitaceae. Around 6.931  million hectares are grown worldwide, mainly in Italy, France, the 
United States, Spain and China are the main producers, accounting for half the total world production 
of 74.276 million Mt (FAO, 2017). Economically, grape is one of the most important fruit crops in the 
world mostly not only because of the wine industry, but also due to the demand for fresh and dried fruit 
(Vivier and Pretorius, 2002; Mederos, 2007). In Egypt, grape occupies the second ranked fruit after 
citrus and it has a great importance and plays an important role in the agricultural economy (Abido et 
al., 2013). The total vine yard area in Egypt reached 778,950 hectares with an annual production of 
1.703 million tons with an average of about 9.2 tons per feddan according to the statistics of FAO 
(2017). Table grapes represent by about 1.3 million tons, and 0.4 million tons of dried fruit. More 
specifically, in Egypt ‘Flame seedless’, ‘Crimson Seedless’ and ‘Superior seedless’ varieties are 
considered to be required for marketing in both domestic consumption and exportation. Some of 
grapevine orchards are ungrafted ownrooted plants. However, these are highly sensitive to fungal 
diseases, nematodes and insects, especially phylloxera, leading to heavy yield and quality losses. 
Grafting of disease-free-explants is an appropriate alternative for propagation of grapevine cultivars 
(Kim et al., 2005; Martelli, 1993).  

Grapevines have been green grafted not only under greenhouse but also under in vitro conditions 
(Bouquet and Hevin, 1978; Walker and Meredith, 1990). This tissue culture based grafting system 
referred to as ‘micrografting’ is a well-recognized propagation method capable of use in most plant 
species with promising results (Aazami, 2010). Micrografting has been successfully used in a wide 
range of horticultural plants including grape as an effective method for the acquisition of clones which 
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are free of soil borne pathogens including viruses and virus-like diseases. This technique is also used to 
detect graft compatibility during early stages (Martino, 1992).  

The success of micro-grafting process depends on an important point which is the complete 
binding between the tissues of the micrografted explant parts (scion and rootstock) to ensure that 
ventilation or dryness of the tissues is prevented and that they are bonded together. In the past, various 
products made of different materials were used to achieve this cohesion and binding. Those products 
such as: 

 
1- Grafting clamps 

They are small clamps designed to squeeze the grafting area between the two explants until they 
are completely bind. These clamps are not easily available and are expensive. 

 
2- Aluminum foil 

They are thin strips of aluminum foil used to bind the two grafting plants. They have many 
disadvantages which include; its sharp ends cause the cutting of plant tissues, wrapping micrografted 
region need skilled labour and time-consuming procedure to apply, and the binding with this aluminum 
strips is not tight. 

 
3- Parafilm tapes. 

It is one of the most widely used materials whether in traditional or micro-grafting. They are 
expensive and sensitive to autoclave sterilization. 

Therefore, there is an urgent need to find an alternative material that ensures the tight binding 
between the micrografted explants parts. In the present paper, we provided a new innovation in 
micrografting technique by using a new synthetic material ‘Teflon®’ tape. The tape made of 
[Polytetrafluoroethylene (PTFE) Polymers 100 % hermetic seal]. That threads seal strips as a one of the 
most important materials that has never been used before by researchers in micrografting techniques.  

The objectives of the present study are evaluation the micrografting responses between one of 
the most famous and important commercial grape species cultivars in Egypt,i.e. Flame seedless and 
rootstock cultivars Paulson, Freedom and Salt Creek (Ramsey) under in vitro conditions using axillary 
bud explants for in vitro purposes and determine the effectiveness of using ‘Teflon®’ tape for cohesion 
and binding between the micrografting explants, and assessment the effect of combination of both the 
auxin NAA (Naphthalineacetic acid) at 0.20 mg/l  and cytokinin BA (6-Benzyl-aminopurine) at 0.50 
mg/l on the micrografting efficiency of the tested “Flame seedless” and three rootstock under in vitro 
conditions.  

 
Materials and Methods 
 
Plant material:  

The highly consumed important and well recognized grapevine (Vitis vinifera L.) cultivar ‘Flame 
seedless’ was selected as an example for the deciduous species and as a scion explant donor.  Three 
grape rootstocks Paulson 1103 (V. berlandieri × V. rupestris) cv, Freedom and Salt Creek (Ramsey) 
were used as rootstocks for micrografted plants, using axillary bud explants for in vitro experiments. 
 
In vivo selection and preparation of plant material: 

The mother plants of the well-defined scion and rootstock cultivars were carefully treated by 
fertigation after bud break and flushing stages in March by ‘Nova-Tec®’ solub Compo Expert® Gmbh 
Company- Monster, Germany commercial fertilizers.  The plants were sprayed with mix of commercial 
products of macro- and micro-nutrients foliar fertilizers ‘Basfoliar S.P ®’ and ‘Fetrilon combi2 ®’. They 
also, periodically treated with fungicides ‘Leimay20%® and Ritrep5%®’ to prevent them from downy 
and powdery mildew diseases and keep them healthy with least fungal disease loading. Plant materials 
of all used grapevine cultivars were collected during mid-June from in vivo vineyard at orchard of the 
Faculty of Agriculture (Saba Bacha), Alexandria University experimental station. All vines were 
characterized to be healthy and vigorous. The explants were afforded from selected well-nourished 
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disease free plants. Single node of 1-2 cm long shoot segments comprising an axillary bud and a 10 mm 
long section of stem tissue cut to 1-2 cm below the oldest of green shoots. 

 
Explants sterilization: 

 Explant segments were washed in continuous flow running tape water for 2 hours, at the first 
time with adding liquid soap for 30 min,  then  soaked in distilled water for 15min, then surface sterilized 
by immersing in 70% (v/v) of ethanol for 30 sec. Then, these segments were treated with 30% (v/v) 
sodium hypochlorite (Clorox, commercial bleach) containing two drops of 0.1% (v/v) of Tween–20 
solution for 15 min. Finally, explants were rinsed three times with sterilized distilled water. Axillary 
buds of the same size (more or less) of the scion species and three rootstocks were horizontally cultured 
in the initiation culture medium (Murashige and Skoog, 1962) according to the defined perfect media 
of the proposed experiments. 
 
Preparation steps of the plantlets’ explant and in vitro micrografting: 

After 5 weeks from starting initiation stag, vigorously grown plantlets were used for 
micrografting procedure. Plantlets of scion and rootstocks cultivars were removed from the initiation 
culture medium in a laminar air flow Haier® (Biological Safety Cabinet) to prepare each of them for 
micrografting procedure as follow: 
 
Scions preparation from ‘Flame seedless’ plantlets: 

The leaves of ‘Flame seedless’ plantlets were removed leaving a short part of petiole, cut off the 
end part of their bases (lateral shoots and rooting region). After trimming plantlets as mentioned through 
cut off at 1 cm height to obtain scion explants ca. 2-3 cm in length with one node (one axillary bud). A 
diagonal off set was made from both sides at the end of scions explants to be tapered wedge. That 
process was done by sterilized sharp stainless steel razor blade. After preparation the scions explants, 
they were sprayed with sterile distilled water, then covered with sterilized glass petri dish to avoid 
tissues dryness inside the cabinet. 
 
Rootstocks explant preparation from three grape rootstocks cultivar plantlets ‘Paulson, Freedom 
and Salt Creek (Ramsey)’:  

The leaves of the three rootstocks cultivar plantlets were completely removed without leaving 
any part of petiole, but with damaging any axillary buds using sharp stainless steel razor blade and cut 
off the end part of their bases (lateral shoots and rooting region). The trimming plantlets were cut off 
ca. 1-2 cm height in nodal region to obtain rootstock explants (ca. 2-3 cm in length without nodes or 
axillary buds) along of stem plantlets. Finally, slit (longitudinal cleft) was made down in the center of 
stem tissue vessels of each rootstock explant about 0.5 cm depth. So, the rootstocks explants were ready 
to implement micrografting. Explants were directly sprayed with sterile distilled water, then covered 
with sterilized glass petri dish to avoid tissues dryness inside the cabinet. 
 
Micrografting procedure:  

The scion and rootstock explants which approximately had the same diameter at the point of 
contact were used for micrografting, so that the cambium tissue of the union matched. The scion 
explants with one node (one axillary bud) inserted inside the cleft placement on rootstock slit 
(longitudinal cleft) which made down in the center of stem tissue vessels of each rootstock explants, 
and a sterilized ‘Teflon®’ strips material was wrapped several times around the grafted region to achieve 
the tightening of the roll and linkage in micrografting region.  The micrografted plants were cultured 
horizontally in Murashige and Skoog (1962) [MS] basal medium supplemented with 3% (w/v) sucrose, 
0.2 mg/l NAA, 0.50 mg/l BAP and solidified with 7g/l (w/v) purified agar. The micrografted explants 
were incubated in a growth room under 16 hrs light, 8 hrs dark photoperiod at 2000 lux light intensity 
at 26±2℃. Average shoot length, average number of leaves per shoots, shoots and roots fresh and dry 
weight were determined two months after micrografting date. 
 
Experimental design and statistical analysis: 

This experiment carried out during this study was designed as factorial experiments layout in 
completely randomized design (Gomez and Gomez, 1984). The least significant difference (L.S.D.) 
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was used to determine the significant differences between means and significance was determined at p 
0.05. Probability levels of percent were followed, generally, in this respect. 
 
Results and Discussion 
 

Several techniques have been developed for cohering grafts together until fusion takes place such 
as translucent silicon tubing (Gebhardt and Goldbach, 1988), elastic strip (Jonard et al., 1983), filter 
paper bridge (Huang and Millikan, 1980), and glass tubing, nylon bands, aluminum foil tubes, dual 
layer apparatus of aluminum foil and absorbent paper (Obeidy and Smith, 1991).So, that ancient 
material has many disadvantages which include, hard to be available, expensive, sensitive to autoclave 
sterilization, need skilled labour and time - consuming to apply, and occasionally the binding my not 
be tightly. Therefore, there is an urgent need to find an alternative material to devoid the aforementioned 
disadvantages and especially the tight binding between the micrografted explant parts. In this present 
proposal, we provided a new innovation in micrografting technique 
 by using a new synthetic material ‘Teflon®’ tape made of [Polytetrafluoroethylene (PTFE) Polymers 
100 % hermetic seal]. Those threads seal strips as a one of the most important materials that has never 
been used before by researchers in micrografting technique. 
 
The new synthetic material "Teflon®" has many advantages in micrografting technique: 
a- It is a cheap material, where the cost of one piece does not exceed one Egyptian piaster. 
b- Could be sterilized in autoclave. 
c- The possibility of stretching longitudinally without interruption or relaxation. 
d- Easy to be removed after micrografting success, and does not adhere to plant tissues in grafting 

region. 
Notice: The new innovation documents have been submitted in No (66/2019) at date 14 January 2019 
to the Ministry of Scientific Research - Academy of Scientific Research &Technology, the Patent Office 
in Cairo to obtain a patent. 
 
Preparation and the application of new material "Teflon®" in micrografting:   

Teflon® (A thread seal tape is 4 cm × 5 mm × 0.25 mm density) was cut into medium-length 
strips, placed in glass jar, covered with its plastic cap and sterilized in autoclave for 15 min at 1.1 kg/cm2 
pressure and 121±1ºC. As mentioned above, after the scion explants inserted inside the cleft placement 
on rootstocks’slit (longitudinal cleft), a sterilized ‘Teflon®’ strips material were wrapped several times 
around the grafted region to achieve the most important point, the tightening of the roll and linkage in 
micrografting region. This novel method enables a maximum connection between the two pieces (i.e. 
healing the cambium vessel's tissues of scion and rootstock together), so that, ‘Teflon®’ strips 
contributed to the success of micrografting technique of bonding and access to 100% while ensuring 
the stability of the other factors responsible for the success of micrografting. 

On the other hand, successful grafting of plant species and cultivars is related to the production 
of callus which is essential for graft union formation (Hartman et al., 1990). In other words, formation 
of the graft union depends on the process of callus initiation in both rootstock and scion, on the union 
of callus, and the subsequent differentiation of the callus tissue to form the protective and vascular tissue 
required to form a functional unit from the two adjacent plant parts, i.e., rootstock and scion (Nickell 
1984). Differentiation is not usually considered to be a problem, but there are often difficulties at 
initiation and proliferation of callus (Panea et al., 1997). Several authors reported that plant growth 
regulators such as auxins and cytokinins induce the initiation and proliferation of callus and new 
vascular tissue by promoting cell division and/or cell development (Bonner and Galston 1952; Rost et 
al., 1984; Raven et al., 1992; Salisbury and Ross, 1992; Preece and Read, 1993). The following plates 
show the micrografting process in series (Figure 1): 

Average values of micrografted scion ‘Flame seedless’ on the tested three rootstock were affected 
significantly (p ≤ 0.05) upon cultured onto MS medium augmented with NAA and BA at 0.20 and 
0.50mg/l, respectively.Whereas,the micrografted between the scion ‘Flame seedless’ and the rootstock 
‘Salt Creek’(Ramsey) , recorded highest average values of No. of leaves (27.67) , shoot length 
(12.67cm), shoot fresh weight (1.41g.), but lesser shoot dry weight (0.19g.).Meanwhile, the 
micrografted between ‘Flame seedless’ scion and ‘Freedom’ rootstock achieved the highest average 
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values of shoot length (11.17cm), shoot dry weight (0.22g), root fresh weight (0.70g.), and root dry 
weight (0.17g.), but lesser No. of leaves (16.17), and shoot fresh weight (0.95g).With regard to the 
micrografting between ‘Flame seedless’ as a scion and ‘Paulson 1103’ as a rootstock, brought about the 
highest average values of both No. of leaves (24.83)  and shoot length (11.17cm.), but recorded 
intermediate average values for shoot fresh weight (1.04g.) and root fresh weight (0.33g.) , and achieved 
the least average values for both shoot dry weight (0.09g.), and root dry weight (0.05g.).These finding 
could be attributed to the rootstock plant species, in the first place.   

 
 

 
 
 

 
 

Fig. 1: The successful micrografting process in series. (A) The scion explants with one node (one 
axillary bud) inserted inside the cleft placement on rootstock slit (longitudinal cleft). (B): 
wrapping a sterilized ‘Teflon®’ tape for achieving the most important point, cohesion and 
binding in micrografting region between the micrografted explant parts (scion and rootstock). 
(C): leaves initiated refer to healing the abortive cambium vessel's tissues of both scion and 
rootstock and contact together, so the success of binding and cohesion procedure, (D): Easily 
removing of ‘Teflon®’ tape after cohesion success process, it is noticed that the tap is not 
adhering to plant tissues in grafting region and (E): Development of both shoots and roots using 
‘Teflon®’ tape as described above, refer to micrografting success. 

 
Table 1: Shoot and root traits of ʻFlame Seedlessʼ cv.  micrografted on three root stocks cultured on MS 

basel medium supplemented with NAA at 0.20 mg/l and BA at 0.50 mg/l 

Root Stocks 
No. of 
Leaves 

Shoot 
length 
(cm) 

Shoot 
Fresh Wt 

(g) 

Shoot Dry 
Wt (g) 

Root 
Fresh Wt 

(g) 

Root Dry Wt 
(g) 

Salt Creek (Ramsey) 27.67a  12.67a  1.41a  0.19b  0.40b  0.09b  
Freedom 16.17b  11.17a  0.95b  0.22a  0.70a  0.17a  

Paulson 1103 24.83a  11.17a  1.04b  0.09c  0.33b  0.05c  
L.S.D 0.05 3.72  1.65  0.29  0.03  0.25  0.03  
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Conclusion 
This noval innovation disclosed the highest efficient capability of ‘Teflon®’ tape due to its 

advantages in achieving grafting in vitro and its reliability to be used as an alternative to other materials 
used for micrografting without damaging to be the used plant material, and neoformed grafts established 
ex vitro successfully (100%) and appeared to be true – to type morphologically. 
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