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Abstract: Conventional cuttings and microcuttings have a major problem in vegetative propagation of many 

plant species (especially the woody plants) represented by adventitious root formation. This study investigates 

the effects of Indole-3-Butyric Acid (IBA) alone and in combination with Naphthalene Acetic Acid (NAA) with 

half strength MS medium on in vitro rooting of Mariana and Nemaguard rootstocks. Optimum percentage of 

rooting (100%) was observed on media supplemented with 1.5 mg/l IBA for both rootstocks. For Mariana 

rootstock, the best result for root number (2.20) was obtained on 1.5mg/l IBA in combination with NAA 0.1 

mg/l, while root elongation average (28.72mm) was stimulated at 1.5mg/l IBA and 0.2 mg/l NAA. For 

Nemaguard rootstock, the inclusion of 1.5mg/l IBA together with 0.1 mg/l of NAA in the culture medium 

significantly enhanced root number (2.50). The root length was the maximum (29.37mm) with the application of 

1.5 mg/l IBA solely. 

  

I. Introduction 

Plums and prunes are belonging to Prunus genus, Prunoideae subfamily and Rosaceae family, plum 

rootstocks have the most diversity and are more compatible to the diverse climatic and soil condition, as well as 

resistance to some diseases and nematode root nodes (1). There are a few studies about successful in vitro 

culture of woody plants compared to other herbaceous plants In spite of the importance of stocks of fruit stone 

trees cultivation (2). Selection of appropriate medium, plant growth regulators and other components that 

stimulate the required response is very important (10). Thus it's not easy to establish a uniform procedure that 

can be applied to propagation within and between species, thus the influence of the medium should be studied 

for each genotype separately (6). Some authors recommended adding IBA into the MS (17) medium as a means 

to enhance root initiation and elongation (14), while some others posit that supplementation by different auxins 

like IBA and NAA can increase the number of rooted plants as well as the number and length of roots (13).  

Fotopoulos and Sotiropoulos (2005) reported achieving 100% rooting in PR 204/84 rootstock using half strength 

MS medium with 2.5 μM IBA. The aim of this investigation was to study the effect of IBA and NAA on rooting 

of mariana and nemaguard rootstocks on in vitro condition.  

 

II. Methods and Materials 
This research was implemented in the laboratory of plant tissue culture, department of Horticulture-

Faculty of Agriculture, University of Baghdad, from October 2015 until February 2016. Firstly, young stem 

cuttings from the field of both mentioned rootstocks were excised into 5 cm long sections and washed for 30 

minutes with tab water, then were disinfected in laminar flow chamber by using commercial Clorox at 3% for 

10 minutes and finally these explants were rinsed three times with distilled water (11).  

For culture initiation, stem cuttings (approx. 4 cm long) of Mariana and Nemaguard rootstocks were 

cultured on MS basal medium, supplemented with 2 mg/l BA, then the multiplication was achieved through 

transferring the initiated shoots to full strength MS medium supplemented with 2.5 mg/l BA and 0.3 mg/l IBA. 

For rooting, plants were placed in MS hormone-free medium for 4 weeks in order to improve shoot elongation. 

3 cm –long shoots from previous culture were transferred to 1/2 MS medium supplemented with IBA (0.0, 0.5, 

1.0 and 1.5mg/l) in combination with the NAA (0.0, 0.1, 0.2 and 0.3 mg/l). All cultures were incubated in 26±1 

ºc with16 hours photoperiod and 1000 lux of light intensity. Observations were performed after six weeks 

include the rooting percentage, number of roots and total root length.  

 

Statistically analysis: 

This experiment was carried out based on Completely Randomized Design (CRD), each treatment was 

done in 10 replications. SPSS 16 software was used for statistically analysis of the data, and differences among 

means of treatments were compared by using (LSD) Least Significance Design (21).   
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III. Results and Discussion 
Rooting Percentage (RP): root regeneration started after 6 weeks after shoots were transferred to root induction 

media for both rootstocks. The dose of auxin is known to be critical in root induction (3, 12) optimum 

percentage of rooting (95%) was observed on media supplemented with 1.5 mg/l IBA. Highly significant 

(P≤0.05) interaction between the genotype and auxin was noticed, for Mariana, the highest (RP) (100%) was on 

media supplemented with 1.5 mg/l IBA. For Nemaguard, the highest (PR) (68%) was with 0.3 mg/l NAA. The 

interaction between genotype, auxin and hormonal concentration was highly significant for (RP). For Mariana, 

the highest percentage (100%) was observed on media supplemented with 1.5 mg/l IBA and 0.0, 0.1, 0.2 or 0.3 

mg/l NAA. For Nemaguard, the optimum percentage of rooting (90%) was on media with 1.5 mg/l IBA with 0.0 

or 0.1mg/l NAA. (table1) 

 

Table 1: Influence of genotype, auxin and concentration on rooting percentage of Mariana and Nemaguard 

rootstocks: 

 
 

Exogenous auxins such as IBA and NAA can induce root formation in tissue culture, these auxins and 

there interactions with internal auxins which cannot be adequately synthesized by isolated tissues and small 

organs in vitro (22), also their need is limited at the early stages of the new roots emergence (5).  

IBA superiority over other auxin sources in in vitro root formation due to it's stability and slight 

sensitivity to degrade of enzymes (18). Our results regarding with adventitious root formation by exogenous 

auxin are in agreement with the findings of other investigators in other plant species (4, 8, 15, 20). 

 

Roots number:   

Based on the results gained (table2), genotype is one of the factors affecting the number of roots per 

shoot, for Mariana, the highest number was 1.26. while the maximum average (0.89) was recorded for 

Nemaguard. Highly significant (P≤0.05) interaction between IBA and NAA concentrations was observed, the 

average of roots number was ranged from 2.34 in 1.5 mg/l IBA together with 0.1 mg/l NAA to 0.62 root per 

shoot in 0.2 mg/l NAA.  

Results in table 2 showed that the interaction between genotype, auxin and concentration varieties was 

significant for root number, the Mariana and Nemaguard shoots cultured on 1/2 MS media supplemented with 

1.5 IBA + 0.1 mg/l NAA gave the highest number (2.5) (2.2) root/shoot respectively. 
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Table 2: Influence of genotype, auxin and concentration on root number of Mariana and Nemaguard rootstocks: 

 
 

Combination of various auxins scored better responses in many crops which show sever rooting, many 

investigators have reported that the IBA in combination with NAA have a better impact on promoting 

adventitious root formation in comparison to IBA solely (9, 12, 16, 19,23).  

     

Root length:  

From table 3, root length was significantly affected by interaction of genotype and growth regulators, 

Mariana rootstock shoots gave highest average (16.51 mm) when cultured on 1/2 MS medium containing 

1.5mg/l IBA, while they produced root with (11.82 mm) length on 1/2 MS media supplemented  with 0.3 mg/l 

NAA.  

It is important to note the interaction of auxin and hormonal concentrations, highest average (19.31 

mm) was obtained from the treatment (1.5 mg/l IBA+ 0.2 mg/l NAA).    

Highly root length was observed between the interaction genotype, auxin type and hormonal 

concentrations producing maximum root length (28.72 mm) when Mariana shoots cultured on 1/2 MS medium 

supplemented with 1.5 mg/l IBA. For Nemaguard, maximum shoot length was seen (29.37 mm) in treatment 

containing 1.5 mg/l IBA which proved to be the best treatment. 

 

Table 3: Influence of genotype, auxin and concentration on root length of Mariana and Nemaguard rootstocks: 
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      In conclusion, the results of Nemaguard rootstock experiment indicate that 1/2 MS medium 

supplemented with 1.5 mg/l IBA solely proved to be the best treatment in cases of RP and length of root. 1/2 

MS medium supplemented with 1.5mg/l IBA plus 0.1 mg/l NAA resulted in desirable results in case of root 

number and for both studied rootstocks.    

 

References 
[1] Arbeloa, A, M. E. Daorden, E. García, J. Andreu. 2009. In Vitro Culture of  Myrobalan (Prunus cerasifera Ehrh.) Embryos. 

Hortscience.,  44(6):1672–1674.  
[2] Bal, JS; Sandhawalia SS. 2000. Studies on propagation of subtropical plum. Acta Horticulturae. 517: 151-158. 

[3] Canli, Fatih and Sefer Bozkurt. 2009. Effects of of IBA on adventitious root formation from semi-hardwood cuttings of (Sarierik) 

plum. Journal of Applied Biological Science, 3(1):45-48. 
[4] De Souza FX, De Lima RN. 2005. Rooting of cuttings of different hog plum stock plants treated with IBA. Revista Ciência 

Agronômica. 36: 189-194. 

[5]  Dobránszki, J. & Teixeira da Silva, J. A. 2010. Micropropagation of apple – A review. Biotechnology Advances,  28, 462-488. 
[6] Dušica, D.; Vladislav Ognjanvo; Mirjana Ljubojevici; Goran Baraci; Jovana Dulici; Ankica Pranjic and Krunoslav Dugalic. 2014. 

Rapid Propagation of Sweet and Sour Cherry Rootstocks. Not Bot Horti Agrobo, 42(2):488-494. 

[7] Fotopoulos, S. and T.E. Sotiropoulos. 2005.  In vitro rooting of PR 204/84 rootstock (Prunus persica x P. amygdalus) as influenced 
by mineral concentration of the culture medium and exposure to darkness for a period. Agronomy Research, 3(1), 3–8, 2005 

[8] GJ De Klerk and J. Ter Brugge. 1992. Factors affecting adventitious root formation in microcuttings of Malus. Agronomie, 12, 747-

755 
[9] Grigoriadou, K., Vasilakakis, M. and  Eleftheriou, E. P. 2002. In vitro propagation of the Greek olive cultivar ‘Chondrolia 

Chalkidikis’. Plant Cell Tissue and Organ Culture., 71, 47–54. 

[10] Hossini AD, Moghadam EG, Anahid S.. 2010. Effect of medium cultures and plant growth regulators in micropropagation of Gisela 
6. Ann Biol Res., 1:135-141. 

[11] Ines Mihaljević; Krunoslav Dugalić; Vesna Tomaš; Marija Viljevac; Ankica Pranjić; Zlatko Čmelik , Boris Puškar and Zorica 
Jurković1.2013. In Vitro sterilization procedures for micropropagation of "Oblaćinska" sour cherry. Journal of Agricultural 

Sciences, Vol. 58, No. 2, 117-126. 

[12] Juliana De Magalhaes; Agalhaes Banderia; Liane Bahr Thurow; Eugenia Jacira Bolacel Braga; Joes Antonio Peters and Valmor 
Joao Bianchi. 2012.  Rooting and acclimatization of the Japanese plum tree, Cv. America.  Rev. Bras. Frutic., Jaboticabal - SP, v.34, 

n.2, p.597-603. 
[13] Kaitlin J. Palla and Rochellle R.Beasley.2013 .In vitro Culthureand Rooting of  DiosprosvirginianaL. HortScience, 48(6) 747-749. 
[14] Khan,Falsal Rahman ,HafeezSarhad J. 2010. In vitro Shoot and Root proliferation of Jack Fruit as affected by different 

concentration of Growth Rrgulators. AgriCulthur, Vol (26). 

[15] Mansvelt, E. L , L. Watts, M. H. Spreeth, and A. Meszaros. 2006. Optimization of tissue culture media for propagation of Mariana 
rootstock. Acta Hort,725:523-526. 

[16]  Middleton, W., B.C. Jarvis and A. Booth. 1980. The role of leaves in auxin and boron-dependent rooting of stem cuttings of 

Phaseolus aureus Roxb. New Phytol. 84:251--259.  
[17] Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with tobacco tissue cultures. physiol. Plant, 

15:473-497. 

[18] Riov, J. 1993. Endogenous and exogenous auxin conjugates in rooting of cuttings. Acta Hort., 329, 284-288.  
[19] Rugini, E. & Verma, D. C. 1983. Micropropagation of difficult-to-propagate almond (Prunus amygdalus, Batsch) cultivar. Plant Sci 

Lett., 28, 273-281. 

[20] Sreekumar, S., Seeni, S. and Pushpangadan, P. 2000. Micropropagation of Hemidesmus indicus for cultivation and production of 2-
hydroxy-4-methoxybenzaldehyde.Plant Cell Tiss. Org. Cult., 62: 211–218. 

[21] Steel, R. G. D., Torrie, J. H. and Boston, M. A. 1997. Principles and procedures of statistics: A biometric approach. 3rd ed, 

McGraue Hill Book Co. Inc NY, pp 178-182. 
[22] Thorpe, T., Stasolla, C., Yeung, E.C., de Klerk., G.J., Roberts, A. and George, E.F. 2008. Plant Growth Regulators II: Cytokinins, 

their Analogues and Antagonists. In: George, E.F., Hall, M.A., De Klerk, G.J. (eds.), Plant Propagation by Tissue Culture. third Ed, 

Vol 1, Springer, pp. 115-173. 

[23] Tsipouridis C, Thomidis T, Isaakidis A. 2003. Rooting of peach hardwood and semi-hardwood cuttings. Australian Journal of 

Experimental Agriculture. 43: 1363-1368. 


