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ABSTRACT 
 

This investigation was carried out to establish a suitable growth media for 
two grape rootstocks namely, Salt Creek and Dog Rige and to evaluate micrografting 
of Thompson seedless and superior cultivars on these stocks through in vitro culture. 
Plant height, leaves and shoot number increased with increasing the concentrations of 

2ip from 3 to 7M. Different concentrations of BAP and GA3 showed that rootstock 

responded higher height than concentration of BAP only, except 4  M BAP 
associated with Dogridge which had significant effect than all combinations. On the 

other hand, Salt Creek grown in media supplemented with (0.5 M IBA) had the 
lowest root length.  

Micrografting of Thompson seedless and Superior cultivars were evaluated 
using two methods of micro-grafting (shoot-tip and cleft) under in vitro conditions on 
the studied rootstocks. Shoot-tips had higher successful (take) of graft union 
compared to cleft method which failed to introduce any successful plantlet. 
Micrografting  derived from shoot-tip explants of the two grapevine cultivars showed 
satisfactory growth characteristics (plantlet height, leaf number and shoot number). 
Whereas, significant difference between the cultivars and the rootstocks regarding 
successful graft union and subsequent growth related traits were obtained. Salt Creek 
rootstock gave the higher rate of success of two scions, respectively if compared to 
Dog Ridge for both scions. Moreover, shoot length of Thompson seedless scion on 
Salt Creek rootstock was higher than Thompson seedless scion on Dog Ridge 
rootstock. In addition, superior cultivar on both of Salt Creek and Dog Ridge showed 
the same trend. In conclusion, micro-grafting proved to be an alternative suitable 
propagation method leading to vigorous growth potential of grafted cultivars. 

 

INTRODUCTION 
 

Grapevine is a major horticultural crop with great applications in food 
and many industries (Azami et.al.,2010). Total acreage of grapevine reached 
163670 feddan, which produce 1,300,000 tons of fruits according to the statistics 
of Ministry of Agriculture of Egypt, (2010). 

Majority of grapevine orchards are un-grafted on resistant rootstocks. 
However, these are highly sensitive to insects, fungal diseases, nematodes; 
especially Phylloxera, leading to losses in their fruit yield and quality. Grafting 
of disease-free explants is an appropriate alternative for successful 
propagation of grapevine cultivars (Kim et al., 2005). This procedure was able 
to overcome some of physiological and anatomical problems encountered in 
some species and cultivar combinations (Degratias et al., 1968; Navarro et 
al., 1992 and Estrada-Luna et al., 2002). 
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The producers of world’s finest quality of grapes with highest 
yield/unit area, one such tool, which is poised to make a significant 
contribution and play a vital role, is mainly the vine rootstocks. The choice of 
rootstocks is more difficult than generally believed. This is due to interaction 
between the rootstock, environment and the scion. Fortunately, for the 
growers of the twin problems of Phylloxera and nematodes and so also the 
problem of viruses affecting the vine industry elsewhere in the world, does 
not pose any threat. This situation has helped to a large extent in narrowing 
down the difficult task of selection. 

Among the many rootstocks introduced and tested, two rootstocks 
have shown their potential, Dog Ridge and Salt Creek. These rootstocks 
today have been used most successfully on soils of low fertility, their vigorous 
growth nature is found to be more useful under saline soils. Thompson 
Seedless grafted on these rootstocks has shown an excellent vigour, 
resulting in ideal canopy when they were grafted on Dog Ridge or Salt Creek. 
Also, these rootstocks are known to possess drought tolerance, in addition to 
greater nutrient uptake and also nematode resistant (Azami et.al.,2010).  

Micro-grafting is a well recognized propagation procedure capable to 
use in most plant species leading to promising results. In this method, shoot-
tips of 0.1- 0.8 mm in length are accurately grafted on cultured seed or in vitro 
culture derived plantlets. Micro-grafting is a commercial practice for 
production of virus free plant materials, especially in test tubes, since 1970s  
( Bitters et al., 1972;  Murashige et al.,1972 and Navarro et al.,1975). 
Micrografting as a clonal propagation method for production of virus and 
other disease-free plant materials hold some advantage if compared with 
thermotherapy, meristem culture or integrated thermo-treated meristem 
culture. In vitro culture condition has an advantage that it is not dependent 
upon growing season. Therefore, it is possible to perform micro-grafting at 
any desired time. Another principal benefit of in vitro culture condition over in 
vivo grown plants is attaining the high number of shoot-tip explants owing to 
possible frequent subcultures of individual shoots under controlled conditions 
(Kim et al., 2005). Unlike other asexual propagation methods, micro-grafting 
produces disease-free, especially virus-free plants, with possible benefits of 
scion rootstock combinations (Valat et al., 2003 and Youssef et al.,2009). The 
aim of the present experiment was to establish in vitro protocol for both Dog 
Ridge and Salt Creek propagation and evaluate the success of micro-grafting 
response of Thompson seedless and Superior cultivar scions under in vitro 
conditions on these stocks. 
 

MATERIALS  AND METHODS 
 

Two rootstocks, namely Dog Ridge and Salt Creek were subjected to 
in vitro culture to introduce the best media for proliferation and rooting as 
follows:  

The plant materials were sterilized in 70% ethanol for 10 minute, and 
then transferred to 20% Cholorax solution for 15 minutes followed rinsed 3 
times with sterilized double distilled water. 
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270 segments were used per rootstock, each treatment was 
replicated three times with 15 segments of each. A full strength media of 
WPM was supplemented with 30 g/L sucrose, 2 g/L charcoal, 2 mg/L glycine, 
100 mg/L L-tyrosine, 100 mg/L myo-inositol and solidified with 0.8% agar. 
The pH was adjusted to 5.7. 
Proliferation stage: 

Surviving shoots were transferred to the indicated media (half 
strength of WPM) plus different growth regulators as the following treatments: 

a) 6-Benzylaminopurine (BAP) at (0.5, 1, 2 and 4 M)         

b) Gibberellic acid (GA3) at (0.5 and 1 M) 

c) Benzyladenine (BA) at (4, 8 and 10 M)                            

d)  Kinetin (Kin) at (8, 10 and 12 M) 

e) 2-isopentenyladenine (2ip) at (3, 5 and 7 M).                   
f) Combination between each concentration of BAP and GA3. Each treatment 
consisted of three replicates, 10 shoots for each replicate. After 4 and 8 
weeks from culture the following parameters were recorded: 
-Number of shoots/explant -Shoot length in cm/explant -Leaf number/explant. 
Rooting stage: 
 After the prementioned period (proliferation stage) approximately 5-6 
cm long shoots were harvested from the mass of shoots produced and 
transferred to culture tubes (150 x 15 mm with polypropylene lids) filled with 
20 ml of MS (Murashige and Skoog, 1962) medium supplemented with: 

a)Indole 3-butyric acid (IBA) at (0.5, 1, 2 and 4 M)       

b)-napthaleneacetic acid (NAA) at (0.5 and 1 M).           
c)Combination between each concentration of these auxins. 

Each treatment consisted of three replicates, 10 shoots for each 
replicate. After 4 and 8 weeks from culture time number of roots/shoot  and 
root length in cm/shoot were recorded. 
Shoot tip micro-grafting: 

In order to obtain scions of Thompson seedless and Superior, shoot 
tips taken from the scion were sterilized as previously mentioned, then they 
were cultured on ½ MS (half strength of Murashige and Skoog, 1962) 
medium. The shoot tips were subcultured every 3-4 weeks. 
 Methods of grafting : 

Salt Creek and Dog Ridge rootstocks which were grown in vitro, were 
decapitated just below the terminal bud. Apical meristems 0.1-0.2 mm in 
length of scion containing 2-3 leaf primodia were cut from the shoot tips and 
then placed on cambial zone on the cut surface of each rootstocks. Another 
method was tried. The tops were cut with a scalpel producing a small longitudinal 
cleft. In the cleft, a small scion with one bud from the in vitro cultivars was 
inserted. This was cultured again in vitro on ½ MS semi solid media + ½Mµ NAA. 
After 8 weeks, the following parameters were recorded: 1. No. of grafting      
2- No. of successful grafts      3. Rate of success       4. Scion length /plantlet.     
5. Leaf number/plantlet 
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Acclimatization of plantlets: 
 A healthy plantlets (5-7 cm in height, 2-4 roots and 4-5 leaves) from 
aseptic culture conditions were transferred to the growth room conditions and 
ultimately to final location. The plantlets must become autotrophic, thus they 
were transferred to pots filled with the sterilized soil mixture that was consisted 
of peatmoss + clay + sand (1:1:1 by volume). 
 Plastic pots were placed in the growth room and irrigated with half 
strength of Knop media and covered with polyethylene bags (to minimize 
moisture loss, protect the plant from desiccation) for two weeks, about 6 
pores were made on each bag, which were opened after two weeks. The 
survival rate was calculated on 2 months after transfer. 
3.8.Statistical analysis: 
 All experiments were repeated two times, moreover, the data were 
statistically analyzed by Duncan multiple range test (5%) to differentiate 
means (Duncan, 1955). 

 

RESULTS AND DISCUSSION 
 

The effect of growth regulators on vegetative growth: 
1-Cytokinins(BA, Kin, 2ip): 

As shown in Table (1), after 4 or 8 weeks from culturing the 

combinations of Salt Creek or Dog Ridge with 4 M BA or 8 M BA presented 
markedly higher plant height as compared to the control or the combinations 
of Kin for Salt Creek or Dog Ridge which had the lowest effect. 

On the other hand, after 4 weeks from culture, the significantly 

highest leaf number resulted from the combination of Salt creek with 4 M BA 

and Dogridge with 4 M BA or 8 M BA, these were followed by the 

association of Salt creek or Dogridge with each of 10 M BA and the all 2ip 
concentrations with respect to the control. Moreover, after 8 weeks from 

culture the combinations of Salt Creek with 4 M BA, 8M BA, 5 M 2ip or 

Dog Ridge with each of 4 M BA or 5 M 2ip resulted in marked effect on the 

leaf number followed by the combinations of Salt creek with 10 M BA or 

Dogridge with each 8 M BA or 10 M BA. In addition, all the combinations in 
concern Salt Creek or Dog Ridge with the different concentrations of Kin 
proved to be the lowest effect. 

The media supplemented with 4 M BA resulted in the highest values 
of shoot number for Salt creek or Dogridge, moreover, the differences 
between this combination and the other association reached the limit of 
significance. In view of the combinations, the best shoot number in 
descending order, was BA, 2ip and at last Kin. These results revealed that 
plant height, leaves and shoot number increased with increasing the 

concentrations 2ip from 3 to 7M, while Meiners et al. (2007) on nodal 
segments of Vaccinium corymbosum observed that high doses of 2ip had 
been shown to be phytotoxic. 
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2- Growth regulators (BAP, GA3): 

After 4 or 8 weeks from culture 4 M BAP followed by (0.5 M GA3 + 

0.5 M BAP) and (1 M GA3 + 4 M BAP) had remarkable effect than the 
control, thus the treatment had an increased height than the control by 
146.81, 104.26, and 117.02% after 4 weeks from culture as well as by 
118.57, 78.57 and 74.29% after 8 weeks from culture as shown in Table (2). 
Moreover, data showed that the media supplemented with different 
concentrations of BAP and GA3 showed that rootstock had higher height than 

concentration of BAP except 4  M BAP associated with Dog Ridge which 
had significant effect than all combinations. However, after 4 weeks from 

culture both of Salt Creek or Dog Ridge associated with 4 M BAP, (1  M 

GA3 + 0.5  M BAP), (1  M GA3 + 1  M BAP), (1  M GA3 + 2  M BAP), 

and Saltcreek with each of (0.5  M GA3 + 1  M BAP) and (1  M GA3 + 4  

M BAP) had similar and significant effect than the other treatments, while 
the control of Saltcreek or Dogridge presented the lowest leaf number with 

respect to other treatments. After 8 weeks from culture 4  M BAP, (1 M 

GA3 + 2  M BAP), and (1 M GA3 + 4 M BAP) with each of Saltcreek or 

Dogridge as well as Saltcreek associated with (0.5 M GA3 + 1 M BAP),  

(1 M GA3 + 0.5 M BAP) and (1 M GA3 +  

1 M BAP) had equivalent and marked effect than the other treatments. 
These results are in agreement with those found by Mon et al. (2008), they 

stated that BAP (4 M) and GA3 (2 M) proved to be the best for shoot 
multiplication. 
Effect of auxin (IBA, NAA) on rooting: 

Data in Table (3) revealed that, after four weeks from culture, the 

rooting media supplemented with (0.5 M IBA + 0.5 M NAA) presented the 

highest root length of Salt creek, moreover, Dogridge treated with (0.5 M 

IBA + 0.5 M NAA) or (1 M IBA + 1 M NAA) as well as (0.5 M IBA + 1 M 
NAA) combined with each of Salt creek and Dogridge had equivalent effect. 
The previous treatments had marked effect than the other treatments, hence 

after 8 weeks from culture Salt creek associated with (0.5 M IBA + 0.5 M 
NAA) had marked effect than Dogridge associated with the same doses have 
presented the significant highest root length than the other treatments. 

Generally, Salt creek grown in media supplemented with (0.5 M IBA) had 
the lowest root length.  

The combining 0.5 M IBA + 0.5 M NAA with each of Salt Creek or 
Dog Ridge resulted in significant highest root number with respect to the 
other treatments, while after 8 weeks from culture, Salt Creek grown in media 

supplied with (0.5 M IBA + 0.5 M NAA) had marked effect than Salt creek 

associated with (0.5 M IBA + 1 M NAA) or Dogridge combined with (0.5 M 

IBA + 0.5 M NAA), both of them had marked effect than the other 
treatments. On the other hand, the two concentrations of NAA presented the 

lowest root number. Mon et al., (2008) stated that, 3 M NAA presented the 

highest number of roots after two weeks while at 1M gave the highest 
number of roots after 3 weeks. Meanwhile, Skiada et al. (2010) found that 0.5 

M IBA improved root formation and resulted in a higher rooting percentage 
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(>95%) and proved to be more beneficial for the overall morphological 
appearance of the plantlet of ‘Malagouzia’. 
Micrografting: 
 Two methods have been used in micrografting, and only shoot tip 
method resulted in attaining plantlet. Meanwhile, the cleft method failed to 
raise any plantlet. The rate of success depends upon the stock and the 
cultivar. Regarding the effect of Salt creek and Dogridge rootstocks on 
Thompson seedless and superior scion varieties, the data presented in Fig. 
(1) and illustrated in photos (1) revealed that Saltcreek rootstock gave higher 
rate of success (70 and 63%) of two scions Thompson seedless and 
superior, respectively. In the meantime Dog Ridge gave 40 and 57% for both 
scions, respectively. Moreover, the data presented in Fig.(2) showed that 
shoot length of Thompson seedless scion on Salt Creek rootstock was higher 
than Thompson seedless scion on Dog Ridge rootstock by 48%. In addition, 
superior cultivar on both of Salt Creek and Dog Ridge showed the same 
trend. The data also showed that leaf number of Thompson seedless scion 
on Salt Creek rootstock was higher than Thompson seedless scion on Dog 
Ridge rootstock by 154.5%, moreover, superior cultivar on both of Salt Creek 
and Dog Ridge showed the same trend. In this respect, Azami et al.(2010) 
stated that grafted assemblies had  significant differences concerning shoot 
length, leaf number and shoot fresh and dry  weight. Moreover, In vitro 
culture derived shoot-tips had better response compared to in vivo derived 
counterparts. These findings are consistent with the results in apple 
(Deogratias et al., 1991) peach, plum and apricot (Edriss et al.,1984 and 
Estrada-Luna et al.,2002). 
 It's clear that, Salt creek as rootstock is considered more successful 
for Thompson seedless and superior scion varieties than Dogridge one, as it 
gave a high rate of successful of grafting, shoot number and leaf number of 
scions. In conclusion, in grapevine, micro-grafting is a high-tech method for 
production of disease- free material for cultivation as well as in breeding 
programs for detection of virus infections. This method of propagation yields 
a homogenous clonal disease-free population of plants, capable of high 
establishment and performance potential under field conditions. 



El-Hammady, M. A. et al. 

 2354 

2



J. Plant Production,  Mansoura Univ., Vol. 3 (8), August, 2012 

 2355 

3



El-Hammady, M. A. et al. 

 2356 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(1): Effect of rootstocks and scion cultivars on the success of  in 

vitro micro-grafting.                        
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(2): Effect of rootstocks and scion cultivars on shoot characters 
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Dogridge (Grafting) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo (1): Effect of rootstocks on shoot characters of shoot tip micro- 

grafting. 
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دقيق لهمل  بطعمل  الل لاصلى  الولولك يكيلا واللدو كدل والتطعليم تقييم طبيعة النمو
 من خلال زكاعة الانو ة التوموون ويدلس والووبكيوك

 نهىة عبد الفت ح عوض 2-ف كوق عبدالحميد المكشدى1 -دىمصطف  ع طف الحم 1
   معة يفك الشيخ -يىية الزكاعة –قوم الف يهة 1
مكيللز البحللول  -معهللد بحلول الولل تين –والاشلل  ك الخشللبية  قولم تكبيللة الف يهللة ونب تلل ك الزينلة2

      الزكاعية
 

 ردج والسدول  كريد و كدب مدا اىدعن  ندد الددوجمدنتحديدد اضلدب بي د  لا البحث بغرض ذهاجرى 
ير بالالاض  الدن تييديم التيعديم الددليم لهدم  مدن كدب مدا ىدنون التومسدوا حيث انهم ما الاىوب الىعب  التجـذ

 سيدلس والسوبريور باستخدام تكني  زرا   الانسج .
 رامميكرومدوب الدن زيدادة ارتودان النبدا  و ددد الاو 7الدن3ايزوبنتيب ادينيا مدا  -2زيادة تركيز الـ  حيث أد 
   ل   دد الاضرن.الناتج  وكذ

ميارند  ارتوان النبدا   ضن الن زيادة ينوبيوريا من الجبرليا اد نزيب اممختعو  ما تركيزا  الب استخدام تباينا 
ى ارتدبي زيدادة ارتودان النبدا  ضيدك بتركيدز ذردج الد البنزيب امينوبيوريا منودردا  باسدتاناأ أىدب الددوج باستخدام 

مدا ناحيد  أخدرى  .خدم  بالدراسد تالاخدرى المسد ميارند  ببدالن التبايندا  زيب امينوبيورياميكروموب ما البن-4
الدب يدوب لنمدو  د ضن بي   زرا   السول  كري  انتج ميكروموب ما الاندوب بيوتري  اسي 5.0وجد اا تركيز 

 ور.ذجـال
 السدوبريور  عدنالتيعيم الدليم لكدب مدا ىدنون التومسدوا سديدلس و نجاح ما ناحي  اخرى تم تيييم 

اسدتخدم  يدرييتيا لعتيعديم    الناتجد  مدا زرا د  الانسدج  مدا خد بردج والسدول  كريد اىدعن الددوج كب مدا
)التيعيم اليمن والتيعيم بالشم(. لوحظ  دم نجاح يريي  التيعيم بالشم حيدث لدم يدتم الحىدوب  عدن اى نباتدا  

)ارتودان النبدا  و ددد الاورام و ددد الاضدرن(  ل ىدنا  المدروسد  جيددةة اليريي . كاند  ىدوا  النمدو ذما ه
كمدا كدداا هندا  اخددت   معندوى بدديا الاىدنا  والاىددوب ضدن التددااير  عدن مدددى  ندد  اسددتخدام التيعديم اليمددن. 

 نسدب  نجداح التومسدوا سديدلس حيدث ولدأ أا لد   عدن ىدوا  النمدو. ذنجداح التحدام الاىدب بداليعم وانعكدس 
 ردج .  نها  عن الدوج سول  كري ال حال  الي  ضن كان   والسوبريور
كما اا ارتوان النبا  التومسوا سيدلس  عن السول  كري  ا عن منك ضن حال  التيعيم اليمدن الددليم  
  ذاخدت   الاىدوب وأخدردج. ضدن حديا اا ىدن  السدوبريور لدم يعيدن اى ضدروم معنويد  نتيجد    عن الدوج

 الاىعيا. لنتا ج نوس الاتجاه من كب ماا

 
 ييم البحلق م بتح

   معة المنصوكة –يىية الزكاعة  الويد البدوى طه الب زأ.د / 
 مكيز البحول الزكاعية لطيف فهم   ندىأ.د / 
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Table (1):Effect of different cytokinins form on vegetative growth of Salt Creek and Dog Ridge explants after four 
and eight weeks of culturing. 

In each column, the means followed by the same letter are not significantly different at the 5% level according to DMRT. 
(1)* After four weeks from culture 
(2)** After eight weeks from culture 

     Characters 
 
Treatments 

After four weeks After eight weeks 

Plant height (cm) Leaf number Shoot number Plant height (cm) Leaf number Shoot number 

Salt 
Creek 

Dog 
Ridge 

Salt 
Creek 

Dog 
Ridge 

Salt Creek 
Dog 

Ridge 
Salt 

Creek 
Dog Ridge 

Salt 
Creek 

Dog 
Ridge 

Salt Creek 
Dog 

Ridge 

 Control 

4 M BA 

8 M BA 

10M BA 

8 M Kin 

10 M Kin 

12 M Kin 

3 M 2ip 

5 M 2ip 

7 M 2ip 

2.6 ef 
3.4 abc 
3.5 abc 
3.1 cd 
2.1 f 
2.0 f 
1.9 f 

3.0 cd 
3.1 cd 
3.2 bcd 

2.8 de 
3.8 a 

3.7 ab 
3.1 cd 
2.3 ef 
2.4 ef 
2.1 f 

3.2 bcd 
3.4 abc 
3.3 abc 

2.00 c 
4.10 a 
3.00 b 
2.70 b 
2.10 c 
2.00 c 
2.00 c 
2.30 c 
3.10 b 
3.00 b 

2.10 c 
3.80 a 
3.00 b 
3.80 a 
2.00 c 
2.10 c 
2.00 c 
2.20 c 
3.00 b 
3.10 b 

2.00 d 
3.50 a 
2.40 c 
2.40 c 
2.40 c 
2.10 d 
2.20 cd 
2.30 cd 
2.50 bc 
2.80 b 

2.20 cd 
3.20 a 
2.50 bc 
2.00 d 
2.20 cd 
2.20 cd 
2.20 cd 
2.40 c 
2.10 d 
2.10 d 

3.0 ef 
5.7 a 
4.7 b 
4.0 cd 
2.6 f 
3.0 ef 
2.6 f 

3.8 cd 
3.9 cd 
3.9 cd 

3.5 e 
6.2 a 
5.1 b 
4.0 cd 
2.7 f 
3.5 e 
2.8 f 

3.7 de 
4.2 c 

3.7 de 

3.60 c 
5.00 a 
5.00 a 
4.10 b 
2.70 e 
3.00 cd 
2.90 d 
3.40 c 
5.30 a 
3.60 c 

3.40 c 
5.00 a 
4.50 b 
4.30 b 
2.90 d 
3.00 cd 
2.70 e 
3.80 c 
5.40 a 
3.40 c 

3.10 cd 
4.70 a 
3.50 c 
3.20 cd 
4.10 b 
3.20 cd 
3.20 cd 
3.10 cd 
3.20 cd 
3.40 c 

3.00 d 
4.50 a 
4.00 b 
3.50 c 
3.10 cd 
3.10 cd 
3.00 d 
3.10 cd 
3.30 cd 
3.30 cd 

Mean-R 2.79A 3.01A 2.63A 2.71A 2.46A 2.31A 3.72A 3.94A 3.86A 3.84A 3.47A 3.39A 
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     Table (2): Effect of different growth regulators on vegetative growth of Salt Creek and Dog Ridge explants after 
four and eight weeks of culturing. 

In each column, the means followed by the same letter are not significantly different at the 5% level according to DMRT. 

              Characters 
 
 
 
Treatments 

After four weeks After eight weeks 

Plant height 
(cm) 

Leaf number Shoot number 
Plant height 

(cm) 
Leaf number Shoot number 

Salt 
Creek 

Dog 
Ridge 

Salt 
Creek 

Dog Ridge 
Salt 

Creek 
Dog Ridge 

Salt 
Creek 

Dog 
Ridge 

Salt 
Creek 

Dog 
Ridge 

Salt 
Creek 

Dog Ridge 

Cont. 

0.5 M BAP 

1 M BAP 

2 M BAP 

4 M BAP 

0.5 M GA3 

1 M GA3 
0.5 M GA3 + 0.5 M BAP 

0.5 M GA3 + 1 M BAP 

0.5 M GA3 + 2 M BAP 

0.5 M GA3 + 4 M BAP 

1 M GA3 + 0.5 M BAP 

1 M GA3 + 1 M BAP 

1 M GA3 + 2 M BAP 

1 M GA3 + 4 M BAP 

2.3 h 
2.8 ef 
2.9 ef 
2.7 f 
5.5 b 
2.7 f 
2.2 h 
4.3 cd 
3.1 ef 
5.1 b 
4.2 cd 
4.0 d 
4.0 d 
4.1 cd 
5.1 b 

2.4 h 
2.8 ef 
2.9 ef 
2.9 ef 
6.1 a 
2.8 ef 
2.4 h 
5.3 b 
3.2 e 
5.1 b 
4.0 d 
4.5 c 

4.3 cd 
5.2 b 
5.1 b 

1.30 i 
3.00 ef 
3.10 de 

3.30 bcde 
4.60 a 
2.40 g 
2.30 h 

2.50 fgh 
4.60 a 

3.50 bcde 
3.50 bcde 

4.20 a 
4.30 a 
4.10 a 
4.50 a 

1.60 i 
3.20 cde 
3.70 bc 
3.70 bc 
4.40 a 

2.50 fgh 
2.40 gh 
2.40 g 
3.70 bc 

3.50 bcde 
3.60 bc 
4.30 a 
4.50 a 
4.20 a 
3.90 b 

2.10 ef 
2.00 ef 
2.20 ef 
3.67 c 
4.20 a 
2.00 ef 
2.20 ef 
2.20 ef 
2.50 e 
3.20 cd 
3.10 cd 
3.40 cd 
3.00 cd 
3.50 c 
4.00 b 

2.30 e 
1.80 f 
2.40 e 
2.90 d 
4.50 a 
2.20 ef 
2.20 ef 
3.10 cd 
3.20 cd 
3.30 cd 
3.40 cd 
3.50 c 
3.30 cd 
3.50 c 
4.20 b 

3.50 hi 
3.90 h 
3.50 hi 
3.40 i 
6.70 b 
4.00 fg 
3.70 hi 
5.70 cd 
4.00 fg 
3.20 g 
4.60 f 

5.30 de 
5.50 cde 
5.50 cde 
6.00 b 

3.5 hi 
4.8 ef 
4.0 gh 
3.9 h 
8.6 a 
4.5 f 
3.8 h 
6.8 b 
4.5 f 

3.7 hg 
4.7 f 
5.8 c 
6.2 b 
6.4 b 
6.2 b 

2.00 j 
3.40 gh 
3.50 gh 
4.30 de 
5.50 a 
2.70 i 
2.70 i 
3.00 hi 

5.00 abc 
3.70 fgh 
3.50 gh 
5.10 abc 
5.20 ab 
5.10 abc 
5.10 abc 

2.10 j 
4.50 cde 
4.40 de 
4.70 bcd 
5.60 a 
2.80 i 

3.60 gh 
4.1 ef 

4.5 cde 
4.0 def 
3.00 hi 

4.50 cde 
4.70 bcd 
5.00 abc 
5.00 abc 

2.60 k 
2.40 k 
2.50 k 
4.70 jh 
7.40 a 
3.70 i 
4.50 hi 
4.40 hi 
3.67 i 
4.50 hi 
5.10 fg 
5.30 fg 

6.00 def 
3.80 i 

6.30 bcd 

2.80 k 
2.10 k 
3.80 i 

4.90 fgh 
8.00 a 
3.90 i 

4.80 fgh 
5.20 fg 
5.00 fg 
4.80 fgh 
4.80 fgh 
5.70 ef 
5.30 fg 

6.20 cde 
7.10 b 

Mean-R 3.67 B 3.93 A 3.41 A 3.44 A 2.88 A 3.05 A 4.57 B 5.16 A 3.99 A 4.17 A 4.46 B 4.96 A 
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(1)* After four weeks from culture 
(2)** After eight weeks from culture 
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  Table (3): Effect of different auxins on root length and root number of Salt Creek and Dog Ridge explants after four 
and eight weeks of culturing. 

                                Characters 
 
Treatments 

After 4 weeks After 8 weeks 

Root length (cm) Root number Root length (cm) Root number 

Salt Creek Dog Ridge Salt Creek Dog Ridge Salt Creek Dog Ridge Salt Creek Dog Ridge 

CONT. 

0.5 M IBA 

1 M IBA 

2 M IBA 

4 M IBA 

0.5 M NAA 

1 M NAA 

0.5 M IBA + 0.5 M NAA 

0.5 M IBA + 1 M NAA 

1 M IBA + 0.5 M NAA 

1 M IBA + 1 M NAA 

2 M IBA + 0.5 M NAA 

2 M IBA + 1 M NAA 

4 M IBA + 0.5 M NAA 

4 M IBA + 1 M NAA 

7.00 c 
2.70 h 
6.20 c 
6.00 ef 
6.20 c-f 
6.00 ef 
3.00 k 
9.00 a 
8.00 b 
6.20 c-f 
7.1 bc 
5.30 fg 
6.20 c-f 
4.10 gh 
4.40 gh 

6.50 cde 
3.00 k 

6.40 c-f 
7.00 cd 
5.50 f 

6.50 cde 
4.50 fgh 
8.00 b 
8.00 b 

6.50 cde 
8.40 b 
5.60 ef 
6.10 ef 
3.20 jk 

4.50 fgh 

3.70 def 
3.50 fh 
4.50 b 

4.00 bcde 
3.80 cdef 
3.10 fg 
2.10 jk 
5.00 a 

4.20 bcd 
4.10 bcde 
4.10 bcde 
3.90 cde 
3.80 cde 
3.60 efg 
3.20 efg 

2.80 h 
3.10 gh 
4.30 bc 

3.90 bcde 
3.80 bcde 

2.70 h 
2.40 h 
5.20 a 
4.30 bc 

4.10 bcde 
4.10 bcde 
4.10 bcde 
4.00 bcde 
3.30 efg 
3.20 efg 

9.50 de 
4.10 L 

8.10 e-h 
8.1 e-h 
8.2 e-h 
8.5 efg 
5.00 kl 
13.3 a 

9.00 def 
7.8 f-j 

10.00 cde 
6.80 jk 

8.30 e-h 
5.90 k 
7.1 g-k 

8.80 def 
5.30 kl 

7.00 hjk 
9.00 def 
8.80 def 
8.60 def 
6.10 k 

11.70 b 
10.00 cde 
8.40 e-h 
10.20 c 
7.90 f-j 

8.40 e-h 
5.70 kl 

7.30 g-k 

4.10 e 
5.20 d 
6.40 c 
6.20 c 
4.20 e 
3.70 f 
3.30 f 
8.30 a 
7.40 b 
5.60 d 
5.60 d 
4.50 e 
5.00 d 
4.30 e 
4.20 e 

4.70 e 
5.30 d 
5.90 d 
4.10 e 
4.90 e 
3.50 f 
3.10 f 
7.50 b 
6.70 d 
5.80 c 
5.70 c 
5.00 d 
5.60 d 
4.40 e 
4.30 e 

Mean-R 5.83 A 5.98 A 3.80 A 3.70 A 7.98 A 8.21 A 5.20 A 5.10 A 

In each column, the means followed by the same letter are not significantly different at the 5% level according to DMRT.     
(1)* After four weeks from culture 
(2)** After eight weeks from culture 

 


