
Effect of Plant Growth Regulators, Salts, Activated Charcoal and Substrates in 

Invitro Rooting and Acclimatization of Malus domestica 

 

Neelam P Negi1  and Aanchal Goel1 

1 University Institute of Biotechnology, Chandigarh University, Mohali, India 

Email: neelam.biotech@cumail.in, sapphirenegi@yahoo.com 

 

ABSTRACT 

The main aim of this review was to study the effects of different plant growth 

regulators, role of activated charcoal, effects of different concentration of salts and 

substrates on in vitro rooting of an apple rootstock. Several attempts were made to 

improve an effective and economical in vitro rooting and acclimatization of an apple 

rootstock. 

 

Introduction 

Malus domestica (Apple) belongs to family Rosaceae, sub family Pomoideae. 

It is most widely grown fruit and is cultivated through the temperate zone of both 

Northern and Sourthern hemispheres. Major production of apple is in the three states 

i.e. Hiamchal Pradesh, Jammu and Kashmir and Uttrakhand which together account 

for 99 percent of total production. Apple is the most dominating fruit crop of 

Himachal Pradesh, constituting about 40 percent of the total area under fruit crops and 

about 90 percent of the total fruit production. Shimla, Kullu, Sirmour and Kinnaur are 

major apple growing belts besides, other temperate areas of the state. 

Most of the commercial plantations are now more than 35-40 years old and 

have surpassed the commercial bearing life, and need to be replaced. Moreover, many 

growers want to introduce newly improved and highly productive varieties in their old 

orchards, sometimes under high-density plantations. Because of land limitation, 

growers are mostly compelled to plant new apples on old apple sites. For many years, 

seedling rootstocks have been used for propagation in the major apple producing 

areas. These are variable in growth and are more susceptible to stress conditions. 

Presently, numerous vegetatively propagated clonal rootstocks are available which 

need to be made popular because they control environmental variety, superiority of 

fruit, disease and pests resistant and flexibility to diverse environments and soil and, 
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thus are better than seedling rootstocks (Yepes and Aldwinckle 1994; Modgil et al. 

2009). 

In micropropagation the fundamental phase is development of adventitious 

root. An efficient rooting treatment yields a high percentage of rooted shoots and a 

high quality root system. Apart from this, acclimatization of the in vitro plants is the 

single major factor for the success in micropropagation.  In vitro plants grow under 

very special conditions and have poor water retention capacity of their leaves.  

Because of this, many tissue-cultured plants require an extensive acclimation 

treatment after transplanting (Soni et al. 2011). The literature offers wide range of 

chemical and physical treatments.   

I. IN VITRO ROOTING 

Rooting response is cultivar-dependent, some cultivars root more easily than others. 

Several treatments that sometimes have a beneficial effect on rooting have been 

documented. Reducing the salts of MS medium (Murashige and Skoog, 1962) to one-

half or one-fourth concentration and sucrose to two per cent has sometimes been 

found to be beneficial. The effects of activated charcoal (AC) and photoperiod on 

rooting have varying results.  

Effect of salts and auxins  
 

Several factors have been stated to affect the invitro induction of rooting in Apple. 

Damiano et al. (1992) studied the factors affecting the induction and expression of 

rooting in different fruit species in vitro and found that M26 gave the best rooting on 

medium containing IBA. In Cost M9, rooting was decreased by phloroglucinol and 

there was a significant positive correlation between the number of subcultures and 

rooting percentage. It has been observed that high concentration of IBA (3 μM) gave 

the best rooting in microcuttings of Malus (Jork 9) whereas BAP and 2, 4-

dichlorophenoxyacetic acid (2, 4-D) inhibited rooting (Klerk et al. 1997). Yepes and 

Aldwinckle (1994) reported that optimal IBA concentration (between 0.1 and 1.0 

mg/l) for rooting of thirteen Malus cultivars and rootstocks were cultivar dependent 

and lower concentrations were necessary to induce rooting in liquid rather than in 

solid medium. Adventitious root formation was achieved with different auxins (IAA, 

IBA and NAA) in ‘Malus Jork9’ and found IAA the preferable auxin for rooting 

Klerk et al. (1997).  

Correa et al. (1994) investigated the effects of IBA and mineral salts on in vitro 

rooting of apple rootstock MI 793 shoots. They reported that when explants (1-2 cm 
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long) cultured on MS medium adjusted to mineral salt concentration of 0, 25, 50, 75 

or 100% of the original level, best rooting (85%) was obtained with IBA at 1.0 mg/l 

plus 100 per cent mineral salts. The highest rooting percentage (94%) was obtained 

with lowest IBA concentration. The two step rooting was found better in apple 

rootstocks MM.111, by transferring microcuttings to auxins free solid medium after 

root initiation on half strength MS medium containing 0.5 mg/l IBA (Kaushal et al. 

2005)  

Modgil and Sharma (2007) reported that IBA was found better auxin for rooting in 

M7, and roots were readily induced with 1 mg/l IBA. It also showed increased rooting 

frequency (65%), root length and shoot extension as compared to NAA. However, 

high concentration of NAA and IBA delayed the time of root initiation. Modgil et al. 

(2009) optimized a successful protocol for rooting and acclimatization of tissue 

culture raised apple rootstocks of ‘Malling’ series.  

Effect of activated charcoal 

The effect of activated charcoal on rooting was studied. Snir and Erez (1980) selected 

two media for rooting of the apple rootstocks MM 104, MM106 and MM109; one 

with half strength MS salts supplemented with IBA and another without IBA and 0.25 

per cent activated charcoal (AC) for improved root development and achieved 100 per 

cent rooting. Modgil et al. (1994) initiated rooting in apple cv. ‘Golden Delicious’ in 

1.5% sucrose with 0.3 mg/l IBA in dark for 7 days following transfer to IBA and 

activated charcoal containing medium and found 70-80 per cent rooting.  

Magyar et al. (2002) investigated the rooting reaction of apple rootstocks JTEH, M26 

and MM106 to various concentrations of IBA (1.0, 2.0, 3.0 mg/l) in root induction 

medium (RIM) and to the presence of activated charcoal (2.5 g /l) in the root 

elongation medium (REM). JTEH showed very high rooting capacity at each IBA 

level (91-100%), whereas MM106 showed very poor rooting (33-46%). In M26, the 

higher rooting (94%) was obtained with lower IBA levels. The presence of activated 

charcoal in REM decreased the rooting rate in all rootstocks. 

 

Sharma et al. (2007) reported initiation of rooting was observed under IBA 

concentration but higher percentage of rooting was observed in 2 and 2.5 mg/l IBA in 

apple rootstock M7 and in case of MM 106 the maximum percentage was observed in 

1.0 mg/l of IBA but the root was short and callusing was also there. Callusing was 
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reduced when activated charcoal was added in the medium and quality of rooting also 

reduced in the presence of activated charcoal. 

 

Effect of Substrates 
 

Production of horticulture crops by the use of soil-less culture is increasing day by 

day in the globe. Zimmerman and Broome (1980) used vermiculite, perlite and sand 

for supporting microcuttings of scion cultivars in liquid medium with 0.05 M IBA 

and found better root system development than in agar medium. Simmonds (1983) 

studied the effect of mineral salts, sucrose, duration of rooting medium and direct 

rooting on in vitro rooting and plant establishment of M26 and observed that lowering 

of MS macronutrients to 0.25 strength and only 1 per cent sucrose enhanced rooting 

intensity. Increasing the duration of in vitro rooting to 5 and 6 weeks resulted in 

significant decrease in plant establishment. Whereas both rooting and plant 

establishment were improved after direct rooting in peat: sand (3:1) after application 

of commercial rooting powder to shoot explants.  

Modgil et al (2009) tested different combinations of substrates for relongation of 

rooting and it was observed that agar was better than sand and perlite.  

Effect of Cytokinin 

 

The role of cytokinins in rooting of apple stem slices cut from apple microcuttings 

(cv. Jork9) and concluded that certain cytokinins (BAP and thidiazuron) inhibited 

rooting and some cytokinins (isopentenyladenine and isopentenyladenosine) enhanced 

rooting. (Klerk et al 2001).  

Dobranszki et al. (2000) studied the influence of aromatic cytokinins (6-

benzylaminopurine (BA), 6-benzyl amino purine riboside (BAR), meta-topolin (TOP) 

and kinetin (Kin)) on shoot multiplication and their effect on rooting of apple cv. 

‘Husvetirozmaring’ and detected that BA increased the number of roots while TOP 

resulted in significantly longer roots.   

 

II. ACCLIMATIZATION 
 

Acclimatization is the adaptation of the in vitro rooted plantlets to the environmental 

stress after their transplant. Humidity, composition of potting mixture, pH of potting 

mixture and water application is various factors which affect the survival rate during 

acclimatization. Hutchinson (1984) found maximum survival of plantlets of ‘Northern 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 8, August 2018

ISSN NO: 0972-1347

http://ijics.com/341



Spy’ in coarse sand due to better aeration rather than peat moss: coarse sand (1:3) due 

to poor drainage of the medium, with intermittent misting or anti-transpirant spraying.  

Belaizi et al. (1989) planted the in vitro rooted plants in peat: vermiculite medium 

(7:3) and successfully maintained them under high humidity for hardened off phase.  

 

Le and Collet (1991) used perlite, peat, sand and optima (commercial compost) for 

acclimatization of apple cv. ‘Golden Delicious’ and rootstocks M26 and MAC 9. For 

‘Golden Delicious’ and ‘MAC 9’ survival rate and plant growth was higher in optima 

+ perlite and least in peat + perlite. Whereas for M26, peat + perlite found better. It 

was concluded that survival and development depends upon both type of substrate 

and the cultivar. Lopes et al. (1992) transplanted the rooted explants of apple cv. 

‘Gala’ in soil: plantmax (3:1) potting mixture in a greenhouse and found maximum 

(92.2-100%) survival rate after one month.  

Apple plants regenerated in vitro are not easy to adapt to greenhouse conditions as the 

plants of many other fruit crops. Thus, the relatively poor survival of these plants 

severely limits the commercial production.  

Telgen et al. (1992) reported that higher sucrose during shoot multiplication, elevated 

levels of CO2 (800 ml/m3) during acclimatization and higher root number resulted in 

better survival of some apple genotypes including the rootstocks M9, COST and M26.    

 

Diaz-Perez et al. (1995) acclimatized tissue-cultured plantlets (apple cv. 

‘Greensleeves’) by exposing them to 4 days gradual reduction in relative humidity 

before they were transplanted.  They reported that high relative water content is an 

important factor for both plant survival and growth after transplanting. Bolar et al. 

(1998) developed an efficient method for rooting and acclimatization of 

micropropagated apple (Malus x domestica Borkh.) cultivars. Root induction in 1/2 

MS with 3 mg/l IBA and root elongation in same medium without IBA was achieved.  

Hoffmann et al. (1999) studied the effect of different substrates on rooting and 

acclimatization of in vitro propagated ‘Marubakaido’ apple rootstock plantlets and 

found that substrate affects acclimatization of plantlets.  The best results were 

obtained using agar, alone or in combination with 20 per cent sand or vermiculite and 

vermiculite moistened with MS liquid medium. Lu et al. (2000) studied the effect of 

promoting agents for increasing transplantation survival of in vitro derived ‘Fuji’ 

apple. 95 and 90 per cent transplants survival rate were observed when pretreated 
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with growth regulators for 4 seconds i.e. 30 mgl-1 IAA + 15 mgl-1 IBA and 60 mgl-1 

IAA + 30 mgl-1 IBA, respectively. Uosukainen et al. (2000) found that exogenous 

application of paclobutrazol (PG) solution during in vitro rooting resulted in good 

acclimatization of the microcuttings, but shoot growth was reduced by 1/3. Shoot 

growth had increased by 30-76 per cent when foliar applications onto newly 

transplanted plantlets were done with glycinebetaine. Its treatment was found easy to 

include in acclimatization process of apple microcuttings.  

Locatelli and Lovato (2002) found that arbuscular mycorrhizal fungi (AMF) 

inoculation had a positive effect on rooting and acclimatization of ‘Marubakaido’ 

rootstock plants. Vegvari (2003) studied the morphological changes of in vitro grown 

apple plants during acclimatization. The results indicated that plants acclimatized for 

14 days are capable of regulating transpiration, and the roots that developed ex vitro 

are of better quality that those developed in vitro. Modgil and Sharma (2007) reported 

that 95 per cent plantlets were established successfully in peat containing pots as well 

as in the field and 90 per cent of these acclimatized plantlets established successfully 

in pots having soil – sand. These plantlets were healthy and growing well. Modgil et 

al. (2013) reported that, successfully development of roots ex vitro when in vitro 

raised shoots were dipped in liquid medium in dark for a week and after a week when 

root initials were developed, then transferred in cocopeat ex vitro. 

 

Conclusion 

In vitro rooting and acclimatization represents an efficient way for the 

commercial propagation of Malus domestica. An effective and consistent method for 

rooting and acclimatization of in vitro raised shoots of apple rootstock has been 

developed in the Partial in vitro rooting or direct rooting of shoots of Malus domestica 

may be recommended for commercial propagation programme. 
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