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ABSTRACT 

 
Gardenia jasminoides Ellis is an evergreen tropical plant with fragrant creamy-white flowers and glossy, dark-

green leaves, member of family Rubiaceae and belongs to the genus Gardenia. Because of chlorosis observed in its 
leaves and nematodes resistance of the valuable rootstock (Gardenia thunbergia) grafting is recommended. The 
present study aimed to establish a new protocol for production of strong shoots of G. jasminoides Ellis via tissue 
culture technique in order to prepare these shoots to be grafted directly on plantlets of a rootstock (G. thunbergia) 
planted in greenhouse. Addition of different cytokinin types (BAP and Kin) at concentrations 0.0, 0.5, 1.0 and 
2.0mg/l to MS nutrient medium in vitro affected production of G. jasminoides shoots (scion). The highest shoots 
number of G. jasminoides was resulted from MS medium supplemented with 5.0 mg/l BAP (17.67 shoots /explant). 
Productions of plantlets from cuttings of G. thunbergia (rootstock) in the greenhouse were maximized when cuttings 
were treated with 500 mg/l IBA (88.35%successful). As for grafting, the in vitro formed shoots resulted from various 
treatments were grafted on plantlets of G. thunbergia rootstock produced in the greenhouse. Cytokinin types (BAP 
and Kin) used to produce the scions at the first stage, grafting region height (3 and 6cm) and initial microscion length 
formed in vitro (0.25, 0.50, 1.00, 2.00 and 4cm) affected the successful (number and percentage) of grafting and 
growth parameters observed in the greenhouse. An excellent number and percentage (20 and 100%) of successful 
grafting in greenhouse were obtained when in vitro scions derived from both MS medium supplemented with 0.50 mg 
/l kin and free cytokinin MS medium were grafted on 3cm height of rootstock compared to other treatments. After one 
month of grafting in greenhouse, the highest scion length (5.00 cm) resulted from in vitro G. jasminoides scions which 
derived from MS medium supplemented with 1.0 mg/l kin and grafted at 3cm height on G. thunbergia rootstock. 
Successful of both number and percentage of grafting as well as lengthen rate (20, 100% and 1.67 cm) significantly 
increased in greenhouse when initial scion length was 1.0 cm. Interestingly, G. thunbergia rootstock affected G. 
jasminoides scion contents of pigments (Chl-a, Chl-b, Ch-a+Ch-b and Carotenoids). Contents of grafted plants of chl-
b and chl-a+chl-b (37. 06 and 56.56, respectively) were higher than the same of non grafted plants. Slight differences 
among all macro elements contents of both grafted and non grafted plants were observed. While, micro elements 
contents (Fe, Zn, Mn and Cu) were superior in grafted plants (169.10, 40.88, 56.60 and 9.18 ppm, respectively) 
compared with the contents of non grafted plants. After one year of grafting, good flowers were observed on all 
grafted plants, while non grafted plants continued in vegetative status. 
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Introduction 

 
Gardenia jasminoides Ellis is an evergreen tropical plant, member of family Rubiaceae and belongs to the 

genus Gardenia. It is shrub cultivated in many temperate regions and favorite to gardeners throughout the world. 
The gardenia has very fragrant creamy-white flowers and glossy, dark-green leaves. White Gardenia blooms are 
borne from mid spring to early summer, a number of flowers opening over a fairly long season. It is used as a cut 
flower and a garden shrub. It is a popular pot plant in the US and many European countries. There are over 200 
species of Gardenias.  In Florida, two species are of primary importance: G. jasminoides which is native to China 
containing many cultivars, and G. thunbergia which is native to South Africa, grown primarily as a rootstock. This 
latter species is valuable due to its nematode resistance and the vigor it imparts to species grafted on its root 
(Wilkins, 1986; Joan, 2003; He et al., 2006; Lee et al., 2009; Duhoky and Rasheed, 2010 and Wu et al., 2012). In 
conventional propagation, terminal cutting of G. jasminoides results in a low proliferation rate, any way, cultivars 
of G. jasminoides can be propagated by cuttings or grafting. Cuttings can be taken any time during the year, but 
are most successful in June, July, and August. G. thunbergia can be propagated from seeds or cuttings. 
Propagation could be done by grafting scion from a desired cultivar to a seedling rootstock of G. thunbergia. 
Rootstock seedlings, however, are difficult to obtain due to problems in seed germination (Economou and 
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Spanoudaki, 1985 and Joan, 2003). Successful utilization of in vitro techniques for propagation, maintenance and 
manipulation of plant germplasm has been possible for a great number of plant species. Several studies have 
documented that in vitro micropropagation can be used for clonal propagation of G. jasminoides Ellis, the 
efficiency remained low. Anyway, micro-propagation of G. jasminoides via in vitro organogenesis using modified 
Murashige and Skoog (1962)  medium (MS) offers higher proliferation rate per each starting plant (Suprasanna 
and Bapat, 2005 and Wu et al., 2012).The most important classes of the plant growth regulators used in tissue 
culture are the auxins and cytokinins. The relative effects of auxin and cytokinin ratio on morphogenesis of 
cultured tissues were demonstrated by Skooge and Miller (1957) and still serve as the basis for plant tissue culture 
manipulations today (Duhoky and Rasheed, 2010). In addition to the benefits of traditional grafting, micrografting 
shoot tips can be an efficient means of regenerating plant material free of endogenous contaminants with the 
possibility of reducing compatibility problems between scion and stock because of micrograft less differentiated 
shoot tip tissues and with enhanced potential for true to type cloning mature plants (Franclet, 1983; Jonard, 1986 
and Hartmann et. al., 1997). The developed micrografting technology fulfills all the requirements for ridding 
planting materials of diseases. However before it can be applied for large-scale propagation critical steps in the 
propagation process have to be optimized. (Alzate et al., 2002).Cuttings can be taken any time during the year, but 
are most successful in June, July, and August. G. thunbergia can be propagated from seeds or cuttings (Joan, 2003). 
Low substrate temperature may reduce mineral absorption, thus an intervinal chlorosis occurs in the leaves of 
gardenias at substrate temperature below 19Cº for two weeks. The symptoms that develop most extensively in the 
young leaves were characteristics of an iron deficiency, because of the lack the ability to absorb iron ions. To solve 
that problems G. jasminoides grafted on G. thunbergia, this species was valuable due to its nematodes resistance, 
the vigor it imparts to species grafted on its roots and able to absorb iron ions at low temperatures (Mastalerz, 
1977). Grafted plants are usually more vigorous and produce more and larger flowers than "own root" plants. 
When seedling rootstocks are about 6 inches or taller and with a stem diameter about the thickness of a pencil, they 
are ready to be grafted (Joan, 2003 and Kent and Andrew, 2006). The optimum setting of the rootstocks were 3cm 
and scions at 5cm to obtain percentage of micrografting (95%) in vitro compared with other interaction between 
length of  rootstocks and scions treatments (Nower, 2007). 

The present study aims to establish a new protocol for production of strong shoots of G. jasminoides Ellis via 
tissue culture technique in order to prepare these shoots to be grafted directly on cuttings of a rootstock (G. 
thunbergia) planted in greenhouse. 
 
Materials and Methods 

 
This study was carried out during the period from 2010 to 2012 in the Laboratory of Plant Cell and Tissue 

Culture, Department of Plant Biotechnology, Genetic Engineering and Biotechnology Research Institute 
(GEBRI), Sadat City University, Egypt. 
 
Plant materials (source of explant): 

 
Shoots of Gardenia. jasminoides (about 5cm long ) and cutting of Gardenia. thunbergia seedlings (about 

10cm tall) were collected from the Gardenias germplasm grown in the greenhouse of the Plant Biotechnology 
Department, Genetic Engineering and Biotechnology Research Institute (GIBRI), Sadat City University, Egypt. 
Immediately after collection, the shoots were kept in polyethylene bags and taken to the laboratory or 
greenhouse. 
 
In vitro propagation of Gardenia jasminoides (scion): 
 
Explant Preparation and disinfestations: 

 
Shoots of G. jasminoides of length about 5cm were prepared as described by Duhoky and Rasheed (2010) and 

explants were sterilized as described by Ngarmnij et al. (2001). 
 
Medium preparation: 

 
Murashige and Skoog (1962) medium (MS) was prepared and prior to addition of agar (6g/l), the pH was 

adjusted to 5.8. The medium was poured into culture tube in establishment stage or in culture jars (350 ml) in 
multiplication stage where each tube (2.5x15cm) contained 12.5ml and each jar contained 50 ml of the medium. 
Culture containers were capped with polypropylene closures and autoclaved at 121ºC and 1.2 kg/cm2 air pressure for 
20 minutes. 
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Experiment 1: Effect of different concentrations of cytokinin types (BAP and kin) on micropropagation of Gardenia 
jasminoides: 

 
Nodes of G. jasminoides were cultured on basal MS nutrient medium in establishment stage in order to obtain a 

vital and free contamination shoots for the multiplication experiments. In multiplication stage, effect of different 
concentrations of both benzylaminopurine (BAP) and kinetin (Kin) (0.0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0mg/l) were 
examined. Shoot number, shoot length and nodes number were recorded after two months. The experimental design 
was completely randomized with 10 replicates; each contained a jar with three shoots. The pH of all media was 
adjusted to 5.8 before autoclaving. The cultures were incubated at 25±2Cºand day and night (16 and 8). Light was 
provided by white fluorescent tubes giving light intensity 2000 lux. 
 
In vivo propagation of Gardenia thunbergia (rootstock):  
 
Experiment 2: Effect of indole-3-butyric acid (IBA) concentrations on propagation of Gardenia rootstock (Gardenia 
thunbergia L.F.) by stem cuttings in greenhouse (in vivo): 

 
The basal end of G. thunbergia cuttings (10 cm) were dipped in a diluted solution (0.0, 250, 500, 1000 and 2000 

mg/l) of indole-3-butyric acid (IBA) before planted them in 5cm plastic pots which filled with culture medium 
consists of a mixture of peat moss and sand (3:1, v/v) and coated with Polly ethylene bags which were gradually 
removed after two weeks; each treatment contained 30 cuttings. The experimental design was completely randomized 
with 20 replications. Successive cuttings number, root number, root length (cm) and length of rooting area (cm) were 
recorded after two months and the rootstocks transplanted into 15cm pots. 
 
Grafting procedures in greenhouse:  

 
Procedures of grafted in greenhouse, a downward central incision of 2-4 mm was made and the wedge of 

microscion was inserted gently and firmly into the vertical split on the decapitated rootstocks (G. thunbergia). The 
rootstock was decapitated to remove all leaves and a vertical slit was made on the stump; the scion base was fitted to 
the slit (Wu et al., 2007). Parafilm tape was used to tie the scion to the stock. Insert the scion into the stock, and 
transfer parafilm tape to the union.  The plant readily accepts the parafilm to tie the union zone and gives the union 
stability. The united scion and rootstock was capped with polyethylene bag for about two weeks to save high 
humidity surround the grafted zone, and then gradually removed. 
 
Experiment 3: Effect of different cytokinin types on production of Gardenia jasminoides scions (shoots) in vitro and 
follow up their effects on grafting success in greenhouse: 

 
The resulted shoots of the later experiments were used as microscions (G. jasminoides) to be directly grafted on 

G. thunbergia rootstock growing in greenhouse, effect of cytokinin types (BAP and Kin) (in vitro ) and different 
grafting region height of rootstock (3 and 6 cm) on success of grafting (in vivo). Grafting was done in greenhouse by 
inserting a piece (1.5cm) of the in vitro produced scions (G. jasminoides) in to v-shape rootstock. The experimental 
design was completely randomized with 20 replications. After one month, data were recorded as vegetative growth 
(number of successful grafted shoots was counted, the percent of successful grafted was calculated, microscion length 
(cm) and leaves number of microscion were detected). 
 
Experiment 4: Effects of different initial microscions length of G. jasminoides (produced in vitro) on success of 
grafting on G. thunbergia rootstock in greenhouse: 

 
According to the results of experiment (1 and 3) scions resulted from MS medium supplemented with 0.5 mg/l 

kin in vitro and grafting region height of rootstock (3cm) in vivo were used for study the effects of different 
microscions length of G. jasminoides (produced in vitro) (0.25, 0.5, 1.0, 2.0 and 4.0 cm) on grafting which was 
processed on G. thunbergia rootstock in greenhouse. The experimental design was completely randomized with 20 
replications. After one month data were recorded as vegetative growth; number of successful grafted shoots and 
number of leaves were counted. Lengths of the scions were measured and lengthen rate was calculated according the 
following equation: 

Lengthen rate = (Final scion length-Initial scion length)/ Initial scion length 
 
Chemical analysis: 
 
Leaves pigments:  
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chlorophyll-a (chl-a), chlorophyll-b (chl-b) and carotenoids were extracted from grafted and not grafted G. 
jasminoides by grinding fresh leaves in mortar with 85% acetone, stored in dark until full extraction occurred, then 
filtered through funnel No.G4. The optical density of the filtrate was determined at wave length 662, 664 and 440. 
Concentrations of chl-a, chl-b and carotenoids were calculated according to the formulas of Lichtentaler and Wellburn 
(1985). 
 
Macro- and micro-elements:  
 

The second leaves of grafted and non-grafted plants of G. jasminoides were collected and dried. Then 1g of each 
sample was digested according to method described by Cresser and Parsons (1979). Total nitrogen (N) was 
determined as described by Nelson and Sommers (1973). The concentration of phosphorus (P) was measured 
according to the colorimetric methods with slight modification (Murphy and Riley. 1962). Potassium (K), Calcium 
(Ca), Magnesium (Mg), Iron (Fe), Zinc (Zn) and Manganese (Mn) were determined by using a flame atomic 
absorption spectrophotometer (Perkin Elmer 4100 Z, Massachusetts, USA) (AOAC, 2000). 
 
Layout of the experiments: 

 
All experiments were designed in factorial completely design and data were compared according to method 

described by (Snedecor and Cochran, 1989). 
 
Results And Discussion  

 
In vitro propagation of Gardenia jasminoides: 
 
Experiment 1: Effect of cytokinin types (BAP and Kin) and concentrations on growth parameters of Gardenia 
jasminoides in vitro. 

 
Results in Table (1) and Fig. (1) showed the effect of cytokinin types (BAP and Kin) at different concentrations 

on multiplication growth parameters of G. jasminoides estimated as shoots number and shoot length. Shoots number 
of G. jasminoides was affected by BAP and Kin. Explants cultured on MS nutrient medium supplemented with BAP 
maximized number of shoots (10.81 shoots /explants) compared with MS nutrient medium supplemented with kin 
(3.43 shoots /explant). Interaction between cytokinin types and concentrations indicated that MS medium 
supplemented with 5.0mg/l BAP was significantly enhanced shoots number of G. jasminoides compared with other 
treatments (17.67 shoots /explant). On the other hand, in the case of kin, the highest shoots number resulted from 
explants cultured on MS nutrient medium supplemented with 4.0 mg/l kin was 5 shoots /explant. Shoot length was 
significantly maximized when it resulted from MS medium supplemented with kin compared with BAP. 
Concentrations of both BAP and kin were not affected shoot length significantly. Interaction between cytokinin types 
and concentrations revealed that MS supplemented with 2.0 mg/l kin was more affected shoot length of G. 
jasminoides (4.67) than other treatments whom resulted in low responses as presented in Table (1) and Fig. (1). These 
results are in agreement with what have been found by Stern et al. (2004) who suggested that this result may be due to 
cytokinins deficiency in the lateral buds. Also, Nower (2007) who reported that, 3.0 mg/l BAP was more officious of 
G. jasminoides than other treatment for shoot number/explant. Duhoky and Rasheed (2009) indicated that medium 
supplemented by 2 mg/l BAP gave the highest values of average number of shoots and leaves and length of new 
shoots. Duhoky and Rasheed (2010) showed that the highest growth length was achieved by MS medium 
supplemented by 2 mg/l kin + 0.1 mg/l NAA (3.3 cm). Jhansi Lakshmi and Jaganmohanreddy (2012) reported that the 
multiple shoots were induced in MS medium augmented in combination with BAP (2mg/l + NAA (0.1mg/l) produced 
2 shoots in nodal segments. 
 
Table 1: Effect of different cytokinin types (BAP and Kin) on multiplication growth parameters of Gardenia jasminoides in vitro. 

Cytokinin type 
 
Concentration (mg/l) 

Number of shoots Shoot length (cm) 

BAP Kin Means (A) BAP Kin Means (A) 

0.0 3.00 3.00 3.00  3.50 3.50 3.50  
0.5 3.67 2.33 3.00  3.33 1.33 2.33  
1.0 13.00 2.33 7.67  2.33 1.67 2. 00 
2.0 16.00 3.67  9.83  1.97 4.67 3.32  
3.0 17.67 3.00 10.35  1.00 3.33 2.16  
4.0 12.33 5.00 8.67  1.00 2.63 1.82  
5.0 10.00 4.67 7.35  0.70 1.33 1.05  
Means (B) 10.81  3.43   1.98   2.64  
LSD at 5% level A 
B 
AXB 

2.174 
4.067 
5.752 

0.775 
N.S. 
1.097 

Mean values followed by the same letter are not significantly different at p<0.05 according to LSD test  − F-test significant at 0.05 level 
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Fig. 1: Effect of different cytokinin types (BAP and Kin) on multiplication growth parameters of G. jasminoides in  
            vitro. 
 
 In vivo propagation of Gardenia thunbergia (rootstock): 
 
Experiment 2: Effect of IBA concentrations on propagation of Gardenia rootstock (Gardenia thunbergia L.F.) by stem 
cuttings in greenhouse (in vivo): 

 
Data in Table (2) and Fig. (2) indicated that the best results of successful cuttings number and percentage was 

obtained when cuttings were treated with 500 mg/l IBA (17.67 and 88.35%, respectively). On the other hand, the 
highest value of roots number 16.00 roots /cutting resulted from cuttings treated with 250 mg/l IBA. Cuttings which 
were treated with 500 and 1000 mg/l IBA resulted in significantly maximized roots length (4.83 and 5.33 cm, 
respectively) compared with control (2.00 cm). The Highest value of length of rooting area (1.700 cm) was observed 
when cuttings were treated with 500 mg/l IBA. The significantly lowest values of all studied parameters were 
recorded with non treated cuttings (not treated with auxins). 

Increasing successful cuttings percentage and studied characters of rooted cuttings as a result of IBA treatments, 
may be explained by the roles of auxins in promoting cell division, enlargement and initiation of the root primordial. 
The plant under experimental conditions may be classified as shy to root plants because rooting percentage was not 
exceed from 88.35% (Table 2 and Fig. 2), in spite of all the treatments studied. These results may be due to when 
cutting are prepared and placed under proper environmental conditions, root formation occurs rapidly, auxin may 
further promote rooting. Results came in line with Hartmann et al., 2002 who stated that auxins are known to increase 
rooting percentage and decrease rooting time together with uniformity of rooting. IBA is one form of auxin that is 
effective in the rooting of a large number of plant species. Also, research evidence suggests that auxins play a central 
role in the determination of rooting capacity, by enabling the faster production of rooted cutting material which is 
essential for vegetative propagation (Fogaça and Fett-Neto, 2005). As reported by Al-Atrakchii and Saleh (2008) and 
Laubscher and Ndakidemi (2008), the benefit of auxin treatment to hastening root initiation, increasing the number 
and quality of roots produced per cutting, and increasing the uniformity of rooting G. thunbergia L.F.  
 
Table 2:  Effect of IBA concentrations on cutting successful and characteristics of Gardenia thunbergia L.F rootstock in greenhouse (in vivo). 

IBA conc. (mg/l) 
Successful 

Root No. Root length (cm) Length of rooting area (cm) 
Number % 

Control 3.33 16.65 2.00 2.00 0.233 
250 8.00 40.00 16.00 3.50 1.100 
500 17.67 88.35 11.33 4.83 1.700 
1000 12.67 63.35 7.00 5.33 0.833 
2000 3.00 15.00 3.33 2.83 0.600 
LSD 5% level 2.867  1.707 0.806 0.222 

Mean values followed by the same letter are not significantly different at p<0.05 according to LSD test  − F-test significant at 0.05 level 
 

 
Fig. 2: Effect of IBA concentrations on cutting successful and characteristics of Gardenia thunbergia L.F rootstock in  
            greenhouse (in vivo). 
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Grafting in greenhouse (Direct grafting of microscion of Gardenia jasminoides formed in vitro on Gardenia 
thunbergia rootstock in greenhouse):   
 
Experiment 3: Effect of different cytokinin types on production of Gardenia jasminoides scions (shoots) in vitro and 
follow up their effects on grafting success in greenhouse: 

 
Different cytokinin types (BAP and kin) and concentrations (0.0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/l) were 

supplemented to MS medium for production G. jasminoides scions (shoots) in vitro. Responses of G. jasminoides 
scions resulted from different cytokinin types and concentrations, in greenhouse after grafted on different length (3 
and 6 cm) of G. thunbergia rootstock grown in vivo were observed. Results presented in Table (3) and Fig. (3) 
showed that, the highest successful number and percentage of grafting in greenhouse (19.33 and 96.65 %, 
respectively) was resulted from scions derived from MS medium supplemented with 0.5mg/l Kin in vitro followed by 
scions derived from basal MS (18.50 and 92.50%, respectively). Data concerning the effect of grafting region height 
of rootstock on successful number and percent of grafting in greenhouse showed that, 3cm height was better than 6 
cm in successful number and percentage of grafting in greenhouse (12.74 and 63.70%, respectively). Concerning the 
interaction, an excellent number and percentage of grafting in greenhouse was obtained when in vitro scions derived 
from both MS medium supplemented with 0.50 mg /l kin and basal MS medium when they were grafted on 3cm 
height of grafting region of rootstock (20 and 100%, respectively) compared to other treatments.  
 
Table 3: Effect of different cytokinin types on production of Gardenia jasminoides scions in vitro and successful of grafting on different height of  
             grafting region of rootstock in greenhouse 

                  Height of grafting region in vivo 
 
Cytokinin type  in vitro 

Successful of grafting in greenhouse 
Number (%) 
3 cm 6 cm Means (A) 3 cm 6 cm Means (A) 

       Control                                0.0 20.00  17.00  18.50  100.00 85.00 92.50 

BAP(mg/l) 

0.5 14.00  9.33  11.67  70.00 46.65 58.35 
1.0 10.67  8.00  9.33  53.35 40.00 46.65 
2.0 11.00  9.00  10.00  55.00 45.00 50.00 
3.0 11.33  7.00  9.167  56.65 35.00 45.84 
4.0 8.33  4.00  6.167  41.65 20.00 30.84 
5.0 5.00  1.33  3.167  25.00 6.65 15.84 

Kin(mg/l) 

0.5 20.00  18.67  19.33  100.00 93.35 96.65 
1.0 17.67  15.67  16.67  88.35 78.35 83.35 
2.0 17.00  16.00  16.50  85.00 80.00 82.50 
3.0 16.00  13.00  14.50  80.00 65.00 72.50 
4.0 8.00  11.00  9.50  40.00 55.00 47.50 
5.0 6.67  4.00  5.33  33.35 20.00 26.65 

Means (B) 12.74  10.31   63.70 51.55  
LSD at 5% level:   A 
B 
AXB 

1.162 
0.456 
1.643 

 

Mean values followed by the same letter are not significantly different at p<0.05 according to LSD test  − F-test significant at 0.05 level 
 
Data in Table (4) and Fig. (3) showed that treated G. jasminoides scions (shoots) with different cytokinin types 

(BAP and kin) and concentrations (0.0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/l) in vitro affected scion length after one 
month of grafted on G. thunbergia rootstocks in greenhouse (in vivo), significantly increased of scion length (4.40 cm) 
grown in greenhouse resulted from in vitro shoots which derived from MS supplemented with 0.5 mg/l kin. The effect 
of different grafting region height of G. thunbergia rootstock cleared that the highest scion length observed when 
grafted on 3cm height of grafting region of rootstock grown in greenhouse (in vivo). Concerning the interaction, an 
excellent scion length (5.00 cm) resulted from in vitro G. jasminoides scion derived from MS medium supplemented 
with 1.0 mg/l kin and grafted on 3cm height of G. thunbergia rootstock grown in greenhouse (in vivo). 

Leaves number of microscions related with different concentrations of cytokinin types (BAP and Kin) and 
grafting region height of rootstock. Interaction between grafting region height of rootstock and concentrations of 
cytokinin types showed that scions derived from MS supplemented with 2 and 3 mg/l Kin in vitro which were grafted 
on 3 cm rootstock height possessed the highest leaves number (13.67and 12.33 leaves /microscion, respectively) after 
one month (Table 4 and Fig. 3). This results may be due to the effect of kin on accelerate cell division which enhance 
formation of union between scion and rootstock, also, the juvenility of both scions which resulted from tissue culture 
and the shorter grafting region may be affected the union. Results came in line with Sutter (1996) who reported that 
cytokinins are plant growth regulators used for stimulating cell division, as well as for the formation and growth of 
axillary and adventitious shoots. This group consists of substituted purines, ie, 6 benzylaminopurine (BAP) and 6-
furfurylaminopurine (kinetin), and phenylureas such as thiadiazuron 
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Table 4: Growth parameters of grafted Gardenia jasminoides derived from different cytokinin types in vitro as affected by various grafting region  
              height of Gardenia thunbergia rootstock in greenhouse after one month 

Grafting region height in vivo 
                                                  
 
 
Cytokinin type  in vitro 

Growth of microscion in greenhouse 
Microscion length Leaves number of microscion 
3 cm 6 cm Means (A) 3 cm 6 cm Means (A) 

Control         0.0 3.83  3.67  3.75  10.00  9.00  9.50  

BAP(mg/l) 

0.5 2.50 2.30 2.40  6.00  5.00  5.50  
1.0 1.75  1.50  1.63  4.67  5.00  4.83  
2.0 1.30  1.50  1.40  4.00  3.00  3.50  
3.0 1.30  1.50  1.40  4.00  3.00  3.50  
4.0 1.30  1.17  1.23  4.00  3.00  3.50  
5.0 1.00  1.20  1.10  4.00  3.00  3.50  

Kin(mg/l) 

0.5 4.50  4.30  4.40  4.00  3.00  3.50  
1.0 5.00  3.00  4.00  11.67  9.33  10.00 
2.0 4.40  3.30  3.85  13.67  9.00  11.33  
3.0 3.00  3.20  3.10  12.33  8.33  10.33  
4.0 3.00  3.00  3.00  7.67  6.00  6.83  
5.0 2.70  2.08  2.39  5.00  4.33  4.67  

Means (B) 2.74  2.44   7.31  5.46   
LSD at 5% level A 
B 
AXB 

0.345 
0.135 
0.488 

0.948 
0.439 
1.583 

Mean values followed by the same letter are not significantly different at p<0.05 according to LSD test  − F-test significant at 0.05 level 
 

 
 
Fig. 3: Growth of microscion of Gardenia jasminoides (formed in vitro) after one month from grafted on Gardenia  
            thunbergia rootstock in greenhouse. 

 
Data in Table (5) and Fig. (4) showed that the main effect of initial scion length (derived from in vitro) on successful of 

grafting after one month of grafting in greenhouse (in vivo), successful number and percentage of grafting significantly 
increased in greenhouse (20 and 100%, respectively) when initial scion length was 1.0 cm. Data revealed that initial scion 
length (derived from in vitro) positively related with growth parameters in greenhouse, scion length and number of 
leaves/scion were maximized when initial scion length was 2cm (4.33 cm and 13.00, respectively). While, the highest 
lengthen rate was observed when initial scion length was 1.0 cm (1.67). Results came in line with Nower (2007) who 
reported that, the optimum setting of the G. thunbergia rootstocks were 3cm and G. jasminoides scions were 0.5 cm to obtain 
the highest percentage of grafting success (95%) in vitro compared with other interaction between length of rootstocks and 
scions treatments in vitro. Onay et. al. (2004) conducted that high levels of micrografting were achieved when long scions 
obtained from the regenerated shoot tips were 2-4 mm (56.75%) and 4-6 mm (79.25%). Amiri (2006) reported that the 
highest percentage (65.4%) of successful grafts resulted from apex (shoot-tip) of Prunus avium graft when scion was bud 
apical with length greater than 6.0 mm.   
 
Table 5: Effect of G. jasminoides initial microscion length formed in vitro on successful of grafting and growth parameters after one month from  
             grafting on G. thunbergia rootstock in greenhouse. 

Scion length (cm) Successful of grafted in greenhouse Microscion growth in greenhouse
Number % Length (cm) Leaves number Lengthen rate 

0.25 14.00  70 0.40  4.00  0.60  
0.50 18.33  85 0.76  4.00  0.52  
1.00 20.00  100 2.67  9.00  1.67    
2.00 10.00  50 4.33  13.00  1.16   
4.00 7.00  35 4.50  10.33  0.13  
LSD 5% level 2.04  1.173 1.534 0.405 

Mean values followed by the same letter are not significantly different at p<0.05 according to LSD test  − F-test significant at 0.05 level 
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Fig. 4: Effect of initial microscion length of Gardenia jasminoides formed in vitro on successful of grafting and  
            growth parameters after one month from grafting on Gardenia thunbergia rootstock in greenhouse. 
 
Chemical analysis: 
 
Leaves pigments:  
 

Data presented in Figure (5 and 6) clearly show the effect of grafting microscion of G. jasminoides on 
G.thunbergia rootstock on scion contents of pigments (Chlorophyll-a , Chlorophyll - b, Chlorophyll a+b and 
Carotenoids). Contents of grafted plants of chl-b and chl-a+chl-b were higher than contents of non grafted plants (37. 
06 and 56.56, respectively), while carotenoids were superior in non grafted plants (4.93). These results may be due to 
inability of G. jasminoides to absorb some nutrient elements, which chair in pigments synthesis, from alkaline soil in 
Egypt so, grafting of G. jasminoides scion on G. thunbergia rootstock was a magic solution for this problem. Nancy 
(1996) reported that chlorosis, a yellowing of the plant leaf due to a lack of chlorophyll, may be caused by a variety of 
factors. Among the more common causes are compacted soils, poor drainage, root damage, alkaline soils, and nutrient 
deficiencies. Probably the most common cause is iron chlorosis, where iron is unavailable to the plant. Iron (Fe) is an 
essential element for plant growth. It is required for the formation of chlorophyll, the green pigments that capture light 
to produce food for the plant. Iron is also necessary for the proper functioning of many plant enzyme systems that 
influence respiration and plant metabolism. 

 

 
Fig. 5: Effect of grafting on plant pigments (Chl-, Chl- Ch-a+ Ch-b and Carotenoids) of Gardenia jasminoides. 
 

 
 

Fig. 6: Effect of grafting on plant pigments of Gardenia jasminoides in greenhouse after six months. 
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Macro- and microelements: 
 
Data in Fig. (7) cleared that there were slight differences among all macro elements contents of both grafted and 

non grafted plants. While, micro elements contents (Fe, Zn, Mn and Cu) were superior in grafted plants (169.10, 
40.88, 56.60 and 9.18 ppm, respectively) compared with the contents of non grafted plants (149.45, 25.88, 36.42 and 
6.78 ppm, respectively). These results may be due to the ability of G. thunbergia rootstock to absorb micro elements 
better than non grafted plants. Results came in line with Mastalerz (1977) who stated that grafted plants able to 
absorp iron ions at low temperatures and appear more vigor. 

 

 
 
Fig. 7: Macro and micro elements analysis of grafted and non grafted plants. 

 
Flowering plants: 

 
After one year of grafting and growing in greenhouse, good flowers were observed on all grafted plants, while non 

grafted plants continued in vegetative status as shown in Fig. (8). Joan, 2003 and Kent and Andrew (2006) reported 
that grafted Gardenia plants are usually more vigorous and produce more and larger flowers than "own root" plants. 

 

 
 

Fig. 8: Grafted and non grafted plant after one year growth in greenhouse. 
 

Conclusion: 
 
A novel method for production of G. jasminoides scions in vitro and use it for grafting on G. thunbergia 

rootstock in greenhouse is established with high successive percent. This method decrease production coast because 
it does not need to rooting stage and the percent of successive grafting in greenhouse is higher than in vitro 
micrografting. Many factors affected grafting success in greenhouse. Microscions derived from MS medium 
supplemented with 0.5mg/l Kin, the grafting region height (3cm) and the in vitro formed scion height (1cm) 
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possessed the highest successful number of grafting and the best growth parameters in greenhouse. Strengthen 
produced scions in vitro may be need more investigations.  
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