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ABSTRACT 
 

This study was carried out in plant tissue culture laboratory, Agriculture development system project (ADS) 
at Giza, Egypt during the period of 1999 – 2003. This study aimed to micropropagate – hard to root – bitter 
almond rootstock using tissue culture technique through studying the effect of different rooting media, activated 
charcool, auxin types and arginine on the rooting performance. From the obtained results the following 
conclusions were derived: WP medium proved to be suitable rooting medium for rooting bitter almond shoots 
followed by B&N and MS respectively as it gave the highest rooting percentage , number of roots/rooted shoot 
while B&N and WP medium gave the longest root length. Adding activated charcoal to the rooting medium 
cause a sharp decrease in the best rooting percentage. NAA was the most effective auxin in inducing the best 
rooting percentage (40.74), greatest number of roots/rooted shoot and the longest root of bitter almond shoots 
followed by IBA, while IAA took the other way around. Adding arginine at 100.0 mg /L to the rooting medium 
(WPM) enhanced the rooting percentage and number of roots/explants. 
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Introduction 
 

Rooting of a “difficult – to – root “ almond cultivar, “Ferragnes” was induced quikly in the dark in about 
55% of the microcuttings using the medium of Bourgin and Nitsch 1967 (BN) conaining 0.9% agar and 1mg /L 
NAA or 1mg /L IBA. (Rugini and Verma 1983).  

Rooting of almond (Prunus dulcis batsch) cultivar “Ferraduel” walnut (Juglans regia L.) unknown ecotype 
and chestnut (Castanea sativa Miller) occurred with 5 ml Bourgin and Nitsch (1967) medium with or without 
5µM NAA and 0.7% agar . Moreover, basal shoot darkening was essential for root formation in chestnut, walnut 
and almond (Rugini et al 1993). 

Microcuttings of almond genotype (Sel. M51) excised from 15 day old culture 2to 2.5 cm. In length were 
induced to root on (BN) medium (Bourgin and Nitsch 1967), supplemented with IBA (10µM). The highest 
rooting percentage was obtained with IAA + light  (Caboni 1994). 

Moreover, Microcuttings of two almond genotypes (cultivar supernova and rootstock M51) treated with 
darkness (12 days) and two auxins IAA (10µM) produced rooting in vitro on Bourgin and Nitsch medium 
(1967) with best rooting results of cv. Supernova in the treatment of IBA + darkness (58% rooting 
percentage).While rootstock M51 showed the best results with IAA + light (95.0% rooting percentage). (Caboni 
and Damiano 1994). 

Almond seedlings (Prunus dulcis Mill) Sel. M51 rooted on MS medium (Murashige and Skoog 1962) 
supplemented with IAA (5µM). (Caboni et al 1997). 

The main role of auxin in the culture is concerned in root initiation , which occurs by stimulation of cell 
division which results by auxin  promotion of cambial activity(Ross and Salisbury 1978) .The addition of NAA 
in the range of 0.1 – 2.0 mg / L to dilute modified MS medium was recommended in rooting of proliferated 
shoots of many prunes spp. (Skirvin et al, 1980). 

Rooting of almond cultivar “Ferragnes” was induced quickly in the dark in about 55% of microcutting 
using Bourgin and Nitsch ( BN)  (1967) with only the macronutrients reduced to half, but containing 0.9 % agar 
and 1 mg / L NAA or 1 mg / L IBA. (Rugini and Verma 1983). 

Microcuttings of almond genotype (Sel.M51) were treated with darkness (12 days) and IBA or IAA both at 
10 µM to induce rooting in vitro . The best rooting results (95.0%) were obtained with IAA and light on BN 
medium. (Caboni 1994) . 
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Microcuttings of seven genotypes of almond (prunus dulcis Mill) were excised from 15 – d – old cultures 
and transferred into rooting medium consisting of MS salts supplemented with IBA at (5µM) . Best rooting 
percentage 75.0% was induced with almond rootstock M51 by IBA treatment at (5µM). (Caboni et al, 1997). 

Using either 2.0 or 4.0 mg / L concentrations of auxin (IBA, NAA) encouraged root formation of almond , 
peach and apricot plants . (Zaied 1997). 

The highest rooting capacity 90.0% rooting was obtained without callus formation in the medium 
supplemented with 4.9 µM IAA after 5days in the light of M51 almond rootstock . (Saeed 1998) .  

The best rooting percentage of Prunius nume Sieb .Et Zucc. was obtained on WPM medium supplemented 
with 1 µM NAA (Harda and Murai 1996). 

The results of several authors indicated that some amino acids added to the culture media influence 
organogenesis . Kavikishor 1989 postulated that increased aromatic amino acid metabolism is connected with 
the initiation of root and shoot formation in tobacco callus culture . Among – 16 amino acids included separately 
in the medium for shoot explants of Torenia Fournieri, glutamic and aspartic acid , alanine, glutamine, proline, 
serine and arginine stimulated rhizogenesis in the presence of NAA (Kamada and Harada 1979). Proline 
increased the percentage of rooted shoots and the number of roots per rooted shoots in quince (Orlikowaska 
1988). Aspartic and  glutamic acid, ornithine, tryptophan and arginine enhanced the number of roots on shoots 
of P2 apple rootstock and arginine, ornithine, glutamic acid and glycine enhanced the number of roots of apple 
rootstock P60 (Orlikowaska 1992) .Among the amino acids, arginine is the most beneficial in inducing good 
root and shoot quality . 

It was found that , activated charcoal at 0.25% improved root development of apple rootstocks MM104, 
MM106 and MM109 (Snir and Erez 1980) .  

In addition, activated charcoal at the rate of 1 g / L enhanced rooting percentage and plantlets growth of 
guava plants (Amin and Jaiswal, 1987) . 

On the other hand, using activated charcoal with indole 3 – butyric acid at the rate of 0.5 to 2.5 g / L in the 
rooting media, caused inhibition of rooting in all cases of two peach genotypes, nectarine cultivar Mayfair and 
semi dwarf peach . (Antonelli and Chiariotti, 1988). 

Almond (Prunus dulcis Mill) is a species difficult to propagate either by cutting or in vitro by micro 
propagation  (Tabanack and Kester, 1997; Rugini and Verma 1983). Rooting in vitro is Little improved by an 
appropriate choice of hormone and by an induction of a slight etiolation of micro –explants (Caboni and 
Damiano 1994). However, the difficulty of rooting is still one of the major obstacles to successful micro 
propagation . Recently many attempts to overcome this problem have been carried out on fruit trees and woody 
species using Agrobacteriumrhizogenes as gene transfer mediated by bacteria. 
 
Materials and Methods 

 
This study was carried out in plant tissue Laboratory, Agriculture development system project (ADS) at 

Giza, Egypt during the period from 1999 – 2003. 
Developed shoots of bitter almond longer than 2.0 cm. Were taken separated, and cultures in dark period (5 

days) on WPM supplemented with 2 mg / L IBA, 0.1 mg / L LBA, 30 g / L sucrose, 7 g / L difico bacto agar . 
The following experiments were conducted for encouraging root initiation and root formation for the cultured 
shoots. 
 
Effect of different rooting media: 

 
Developed shoots longer than 2.0 cm were transformed and cultured on to different rooting media 

comprising of MS or WPM and Bonrgin and Nitsch 1967 (B&N) Table (1) supplemented with 0.1 mg / L BA, 
2.0 mg / L IBA, 30 g / L sucrose, 7 g / L difico bacto agar . 
 
Effect of activated charcoal: 

 
Developed shoots longer than 2.0 cm were cultured on B&A, WPN and MS rooting medium supplemented 

with 0.1 mg / L activated charcoal + 0.1 mg /LBA +2.0 mg / L IBA + 30 g / L sucrose +7 g / L difico bacto agar, 
and same rooting media composition without charcoal . 
 
Effect of auxin types: 

 
Different auxin types were studied to find out the best auxin type for enhacing rooting . Indole – 3- butyric 

acid (IBA) and Naphthalene acetic acid (NAA) as well as Indole – 3 – acetic acid (IAA) were used as auxin 
types at 2.0 mg / L for different rooting media (B&N), WPM and MS supplemented with 0.1 mg / L BA + 30 g / 
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L sucrose + 7 g / L difico bacto agar + 0.1 g / L activated charcoal and same rooting media composition without 
charcoal. 
 
Effect of Arginine on the rooting performance: 

 
Different arginine concentrations were added to the rooting medium (WPM) in order to find out the 

possible effect of arginine on the rooting performances . Arginine concentrations were (0,50,100 and 200 mg / L 
+ 2.0 mg / L IBA + 30 g / L sucrose + 7 g/L difico bacto agar . 

The following parameters were determined : rooting percentage, average number of roots / explants, root 
length (cm). 

The obtained data were statistically tested for analyses of variance in simple and factorial design. 
Experimental treatments were arranged in complete randomized design . 

Significant differences among the various treatments were compared using Duncan´s method according to 
Snedecor and Cochran (1989). The various treatments were compared using Duncan´s method according to 
Snedecor and Cochran (1989). 
 
Result and Discussion 

 
Effect of rooting media and auxin type without activated charcoal: 
 
a- Rooting percentage: 

 
The effect of different rooting media (B&N,WPM and MS)and different types of auxin (IAA,IBA and 

NAA) on the rooting percentage of bitter almond micro-cutting is presented in Table (1) . 
It was noticed that, WP medium scored the highest significant rooting percentage (33.33%) followed by 

B&N medium (13.89). However , MS medium took the other way around. 
Regarding the effect of auxin types, it was clear that NAA at 2 mg/L (40.74),followed by IBA at 2 mg / L ( 

22.22 ) while IAA took the other way around. 
As for interaction it was clear that, WP medium contained either IBA at2 mg/L or NAA at 2 mg/L scored 

the highest significant rooting percentage 66.66% for each of them. 
 

b- Number of roots/explants: 
 
Results in Table (2) cleared that WP medium surpassed B&N and MS media in terms of number of roots / 

explants  as it recorded 3.16 root / rooted shoot followed by B&N (1.08). 
As for the effect of auxin type, it was observed that, NAA at 2 mg/L resulted in the highest number of 

roots/explants followed by IBA at 2mg/L. 
Significant interaction was observed as the highest significant number of roots/ rooted shoot was obtained 

with WPM medium containing NAA at 2mg/L (10.0).    
 

Table 1: Effect of different rooting media (without activated charcoal)and auxin types  on   the rooting percentage of bitter almond micro –  
              cuttings. 

Auxin types 
 
        Rooting media 

Cont. IAA IBA NAA Mean 

B & N 0.00c 0.00c 0.00c 55.55b 13.89B 
WPM 0.00c 0.00c 66.66a 66.66a 33.33A 
MS 0.00c 0.00c 0.00c 0.00c 0.00C 
Mean 0.00 C 0.00 C 22.22B 40.74A  

Means  having the same letters are not significantly different at 5% level 
 
Table 2: Effect of different rooting media (without activated charcoal)and auxin typeson  average number of roots / explants of bitter  
              almond micro – cuttings. 

Auxin types 
 
        Rooting media 

Cont. IAA IBA NAA Mean 

B & N 0.00d 0.00d 0.00d 4.33b 1.08B 
WPM 0.00d 0.00d 2.66c 10.00a 3.16A 
MS 0.00d 0.00d 0.00b 0.00d 0.00C 
Mean 0.00 C 0.00 C 0.88B 4.77A  

Means  having the same letters are not significantly different at 5% level 
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C – Root length: 
 
Results in Table (3) present the effect of different rooting media i. e. (B&N, WPM and MS) and different 

auxin types (IAA, IBA and NAA) on root length of bitter almond rootstock. Results revealed that , the greatest 
length of bitter almond roots was obtained on WP medium and B&N medium with no significant differences in 
between (0.95 cm.). 

As for auxin type, it was noticed that, NAA produced the longest roots (1.66 cm.) followed by IBA (0.88 
cm.) of bitter almond micro – cutting . 

Regarding  the effect of interaction, it was clear that bitter almond  shoots cultured on WPM medium 
containing NAA at 2.0 mg/L resulted in the highest rooting  percentage , the greatest number of roots / explants 
and the longest root / rooted shoot . 

These results  are in harmony with Murai et al I1977), Perez et al (2000) and Kandil (2001) on apricot . 
They reported that the best rooting percentage was obtained on WPM medium supplemented with 2 mg / L IBA 
or NAA. 
 
Table 3: Effect of different rooting media (without activated charcoal)and auxin typeson  the root length (cm.) of bitter almond  
              micro – cuttings. 

Auxin types 
 
        Rooting media 

Cont. IAA IBA NAA Mean 

B & N 0.00d 0.00d 0.00d 3.83a 0.95A 
WPM 0.00d 0.00d 2.66b 1.16c 0.95A 
MS 0.00d 0.00d 0.00b 0.00d 0.00B 
Mean 0.00 C 0.00 C 0.88B 1.66A  

Means  having the same letters are not significantly different at 5% level. 
 

Effect of rooting media and auxin type with activated charcoal: 
 

a- Rooting percentage: 
 
The effects of different rooting media and different auxin containing  1 g/ L activated charcoal (A.C.) on the 

rooting percentage of bitter almond  micro – cuttings are shown in Table (4). 
It appeared that WP medium recorded the highest rooting percentage  (16.66%) followed by B&N (8.32%) . 

Whereas, MS medium took the other way around . 
As for the effect of auxin types it was clear that bitter almond micro – cuttings cultured on rooting medium 

containing (A.C.) supplemented with NAA (at 2 mg/ L) had the highest rooting percentage (22.2%) followed by 
IBA(11.1%). 

Significant iteraction was observed between type of media and type of auxin as bitter almond micro – 
cuttings cultured on WP supplemented with 2 mg / LIBA or NAA recorded the highest  rooting percentage 
(33.3%)  

 
Table 4: Effect of different rooting media (with activated charcoal)and auxin typeson  the rooting percentage  of bitter almond micro –  
              cuttings. 

Auxin types 
 
        Rooting media 

Cont. IAA IBA NAA Mean 

B & N 0.00b 0.00b 0.00b 3.33a 8.32B 
WPM 0.00b 0.00b 3.33a 3.33a 16.66A 
MS 0.00b 0.00b 0.00b 0.00b 0.00C 
Mean 0.00 C 0.00 C 11.1B 22.2A  

Means  having the same letters are not significantly different at 5% level 
 

b- Number of roots / explants: 
 
Results in Table (5) cleared that, WP (containing 1 g / L A.C.) recorded the highest significant number of 

roots /micro – cutting (1.08) compared with other rooting media . 
Regarding the effect of auxin types , it was noticed that NAA (at 2 mg /L) scored the highest  significant 

number of roots / rooted shoot followed by IBA  (at2 mg/L). 
Data also revealed a significant interaction between kind of rooting media and auxin types on the number of 

roots / rooted shoot as bitter almond micro – cuttings (cultured on WP containing either NAA or IBA at 2 mg/L) 
scored the highest significant number of roots / rooted shoot.   
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Table 5: Effect of different rooting media (with activated charcoal)and auxin types  on   the average number of roots / explants  of bitter  
               almond micro – cuttings  

Auxin types 
 
        Rooting media 

Cont. IAA IBA NAA Mean 

B & N 0.00c 0.00c 0.00c 1.50b 0.37B 
WPM 0.00c 0.00c 2.00a 2.33a 1.08A 
MS 0.00c 0.00c 0.00c 0.00c 0.00C 
Mean 0.00 C 0.00 C 0.66B 1.11A  

Means  having the same letters are not significantly different at 5% level .  
 

c-Root length: 
 
Table (6) presents the effect of different rooting media and auxin types on root length of bitter almond 

micro – cuttings. It revealed that, WPM containing 1g/L A. C. recorded the highest significant value of root 
length (2.66 cm.). Whereas, no significant differences was  obtained between other rooting media. 

Regarding auxin types, it appeared that  NAA produced the longest roots (3.40cm.)followed by IBA (0.66 
cm.). 

Significant interaction was observed between kind of rooting  media and auxin types as bitter almond 
shoots cultured on WP medium containing 1 g /L  A. C..supplemented with NAA at 2.0 mg /L resulted in the 
longest roots compared with other treatments (8.66cm.). 

   
Table 6: Effect of different rooting media (with activated charcoal)and auxin types on the root length (cm.) of bitter almond micro –   
             cuttings. 

Auxin types 
 
        Rooting media 

Cont. IAA IBA NAA Mean 

B & N 0.00d 0.00d 0.00d 1.50c 0.38B 
WPM 0.00d 0.00d 2.00b 8.66a 2.66A 
MS 0.00d 0.00d 0.00b 0.00d 0.00B 
Mean 0.00 C 0.00 C 0.66B 3.40A  

Means  having the same letters are not significantly different at 5% level 
 
In general, it could be concluded that adding activated charcoal to the rooting medium did not improve the 

rooting percentage. This result is in line with previous finding of Antoelli and Chiariotti (1988) and Zaied 
(1997) . They revealed that activated charcoal inhibited the rooting of peach and deciduous fruit .   
 
Effect of arginine on the rooting performance: 

 
a –Rooting percentage: 

 
Results in Table (7) revealed that, bitter almond micro - cuttings cultured on WP medium containing 100 or 

200 mg/L arginine scored the highest significant rooting percentage (61.0 and 50.0 %) respectively . 
 
b – Number of roots / explants: 
 

Results in Table (7) cleared that the greatest number of roots of bitter almond  micro – cuttings (6.00) was 
obtained on  WP medium containing 100.0 mg / L arginine followed by 50.0 mg / L  respectively. 
 
c – Root length:   

 
Table (7) presents the effect of different arginine concentrations on roots length of bitter almond rootstock . 

It was clear that, arginine concentrations did not affected root length of bitter almond micro – cuttings. 
In general, it could be concluded that, adding 100 mg / L arginine to the rooting medium (WP) enhanced 

the rooting performance. 
 
Table 7: Effect of different arginine (Ag) concentrations on  the rooting                performance  of bitter almond micro – cuttings . 

Rooting parameters 
 
        Arginine con . 

Rooting  percentage 
Average number of 
roots/explant 

Root length (cm) 

Control 33.33B 2.33C 2.17A 
Ag (50 mg / L) 33.30B 3.67B 2.83A 
Ag (100 mg / L) 61.07A 6.00A 2.17A 
Ag (200 mg / L) 50.00A 2.33 C 1.67A 

Means  having the same letters are not significantly different at 5% level 
Means  having the same letters are not significantly different at 5% level 
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