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Chapter-1 

INTRODUCTION 

 
 

  
Apple is the most important temperate fruit crop of North Indian Himalayan 

region with regard to production and economic value. It belongs to family Rosaceae, 

sub family Pomoidae and genus Malus. The sub-family Pomoidae, to which apple 

belongs is considered unusual because its members have a haploid chromosome 

number of 17. This is in contrast to the basic chromosome number in the Rosaceae 

which is believed to be between 7 and 9. Consequently, it has been suggested that 

the apple genome may have arisen through allopolyploidy between primitive       

sub-families of the Rosaceae (Stebbins, 1958). The majority of modern cultivated 

apples are diploid (2n=2x=34), although some triploid (2n=3x=51), and even 

tetraploid (2n=4x=68) cultivars are known (Brown, 1975). 

Apple was introduced into the country by British in Kullu valley of 

Himachal Pradesh as far back as 1865. The commercial production of apple is 

largely confined to states of Jammu and Kashmir, Himachal Pradesh and 

Uttaranchal hills which together account for 99 percent of the total production. In 

India, apple occupies an area of 312 ha with a production of 1915 Metric ton and is 

extensively grown in J &K, in an area of 157.28 ha with a production of 1348.2 

Metric ton, in HP in an area of 106.23 ha and production is 412.4 Metric ton 

(Anonymous, 2013). 

Apple is one of the first woody plants to be successfully propagated in vitro. 

It was first micropropagated by Jones (1967). Since then, a large number of apple 

rootstocks and cultivars have been propagated through tissue culture.  

Apple trees are susceptible to a number of fungal and bacterial diseases. 

Among fungus, Phytophthora cactorum  (Lebert & cohn ) is a common, widely 

distributed,  soil borne fungus with a very wide host range, attacking about 200 

different species of plants in over 80 genera and is responsible for tree deaths in 

most apple-growing regions of the world (McIntosh, 1975). It causes a disease 

referred to as crown and collar rot in different parts of the world depending upon the 
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plant part infected. When the scion part is affected, it is referred to as collar rot and 

when root crown is affected, it is called as crown rot. It was first identified on cactus 

in 1870 by Lebert & cohn. Collar rot is one of the most common disease of apple 

(Jeffers and Aldwinckle, 1988) and is present throughout the temperate regions of 

the world. It was first noticed in apple orchards of Michigan state, USA in 1858 

where rotting of bark tissues below the soil line was observed (Baines, 1935,1939). 

This disease is universally present in all parts of world and very serious in European 

and American continents (Gupta, 1986; Utkhede,1986). In India, it was reported by 

Agarwal (1966) in H.P. Outbreaks of crown rot are random and depend on excess 

soil water, suitable temperatures, and host susceptibility (Sewell and Wilson, 1974). 

The disease is often observed in low areas of orchards having heavy and poorly 

drained soils, but may be found in all orchard sites if trees are first infected in the 

nursery. P. cactorum attacks apple trees at soil level and complete girdling of stem 

takes place which leads to death of plant (Baines,1939).  

This disease is often observed on the trees that are between three and eight 

years of age and grown on Malling Merton. All the commercial varieties of apple 

are susceptible to collar rot but some of the rootstocks are resistant. Marked 

differences in the resistance of apple rootstock to crown rot have been noted (Barrit 

et al., 1990; Mclntosh, 1975; Sewelland Wilson, 1959; Utkhede and Quamme, 

1988). For example, MM106 was found to be highly susceptible rootstock, whereas 

M2, M4, MM104, MM113 and MM114 were resistant (Gupta and Mir,1983; 

Gupta,1994). 

The most widely used rootstock of apple MM106 is semi-dwarf with height 

ranges from 3-4m and produces a commercially productive tree. It is well-anchored 

and do not sucker, a problem with trees on M7. Fruit bearing starts early on 

MM106. The tree gives good crop consistently (Kanwar, 1987). It is resistant to 

woolly aphids (Rai and Tripathi, 1984; Bhardwaj and verma, 1994) and seedling 

blight (Sharma, 1984), but susceptible to powdery mildew and collar rot (Gupta, 

1994).  Because of its susceptibility to P. cactorum, efforts are being made to 

develop resistance against in vivo as well as in vitro. Chemical and biological 

control has been attempted in many areas (Gupta and Mir,1983; Gupta and 

Utkhede,1986), but its effectiveness is limited.  Host resistance is very useful 
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method to control the disease. The production of apple rootstock lines that are 

tolerant to this pathogenic fungus can increase the productivity.  Screening of 

rootstocks against collar rot pathogen has been done in various parts of world. In 

India, Gupta and Mir(1983) studied the reaction of various rootstocks and found that 

M2, M4, MM105 and MM114 are resistant. Susceptibility of rootstock varies from 

region to region. It is attributed to variability in pathogen and testing season 

(Mclntosh, 1975).  

Resistance is a qualitative character and using conventional breeding 

approaches and biotechnological interventions, it is possible to obtain more resistant 

varieties. Conventional breeding programs including extensive intermating and 

screening campaigns help breeders to improve cultivars, however, this is limited by 

inherent difficulties like open pollination, high level of heterozygosity and poor 

fertility of F1 hybrids. Rootstock breeding in vitro significantly reduces the duration 

and volume of traditional approaches. As an alternative to conventional breeding, 

one approach for obtaining useful genetic variation is to select for somaclonal 

variants generated by tissue culture techniques. Therefore, early and fast screening 

techniques of biotechnology are needed to obtain disease resistant cultivars. As the 

apple is known for its ability to produce sports or strains at random (Brown,1975), 

therefore, mutations in somatic tissues, whether inherent or induced, may be easily 

uncovered during regeneration of cells in vitro. This offers a promising potential for 

exploiting somaclonal variations in apple. In vitro cultures of tissues, organs and 

shoots were often used to test crop plants susceptibility to infection with various 

fungal pathogens (Agnola et al., 2003; Vidal et al., 2004). 

Microbial toxins have been the objects of extensive studies as possible 

pathogenecity or virulence factors for the producer pathogens. Toxins are 

considered to be the special weapons of the plant pathogens to evade or overcome 

the inherent resistance strategies of host plants (Kimura et al., 2001). Mycotoxins 

are secondary metabolites produced by microfungi that are capable of causing 

disease and death in humans, animals (Bennett and Klich, 2003) as well as in plants 

(Schmelz et al., 2003; Trucksess, 2004). Plants themselves have a broad spectrum of 

defense barriers to protect themselves from invading organisms. Pathosystems are 
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very diverse and there is neither a single model of plant pathogen interactions nor a 

sample and common resistant mechanism (Svabova and Labeda, 2005).  

During last twenty five years, many studies were focused on potential role of 

phytotoxins  in plant resistance mechanisms and possible utilization for screening of 

disease improved plant lines (Strobel, 1982; Hammerschlag, 1984; Wenzel 1985). In 

vitro selection was considered as a supplementary tool to the classical selection in 

breeding disease resistant cultivars based on several advantages as fast testing of 

large number of individuals on a small place, easier manipulation of mutants, 

somaclones and haploids with higher variability in the genome and precise 

evaluation of quantitative differences by avoiding the unfavorable weather 

conditions. If the toxin is not purified and its structure is not known, a partially 

purified toxins or culture filtrates of the pathogens can be used as selective agents. 

Comparing to a toxin alone, these selective agents have an advantage, because they 

contain a set of toxic compounds that may be involved in the plant-pathogen 

interactions. 

In order to screen target characters, it is essential to have efficient selection 

agents (Liu et al., 2005). The use of pathogen toxins as selective agents at the tissue 

culture step might be a source of variability that can lead to the selection of 

individuals with suitable levels of resistance to the toxin or to the pathogen among 

the genetic material available (El Hadrami, 2005). 

Phytotoxins and culture filtrates have been used for selection of tolerant 

protoplasts, cells and calli which are subsequently regenerated into putative resistant 

plants (Huang, 2001; Thakur et al., 2002; Svabova and Lebeda, 2005 and Kumar et 

al., 2008).The general strategy is based on considerable evidence that there is a 

correlation between tolerance/resistance to phytotoxins and resistance to pathogen.  

In vitro selection is advantageous on that it makes possible direct selection of 

novel phenotypes, under defined conditions, within limited space and short period of 

time. Previously, in vitro selection of cells/calli of apple rootstock MM106 and M7 

with FCF of P. cactorum (Goel et al. 2007) and D. necatrix (Modgil et al. 2012) 

respectively was carried out and a few tolerant callus lines were obtained. But these 

lines were unable to regenerate. On the other hand, when adventitiously raised 
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shoots of M7 were attempted for selection against FCF of D.  necatrix (Modgil et al. 

2012) causing white root rot, resistant plants were obtained. For the development of 

disease resistant plants and accelerating the breeding process, biotechnology 

methods are useful.  

Keeping in view the above points and the success achieved with in vitro 

shoot selection in apple rootstock Malling7, the following objective has been 

undertaken:  

OBJECTIVE 

To select in vitro regenerated shoots of apple rootstock MM106 tolerant to fungal 
culture filtrate of  Phytophthora cactorum. 

 

 

 

 

 

 

 



Chapter-2 

REVIEW OF LITERATURE 

 
 

  
2.1 SHOOT REGENERATION  

 The ability to produce plants via organogenesis serves as a method of 

rapid micropropagation as well as increases breeding and selection efforts. An 

efficient regeneration system from somatic tissue or cells via organogenesis 

and/or embryogenesis is a prerequisite for the use of somaclonal variation for 

selection of improved cultivars.  In apple, organogenesis was found to depend on 

various factors such as genotype, explant source, number of subcultures of the 

explant donors, excision time of leaves from proliferating shoots, nutrient 

formulation and hormonal balance of the medium, explant  type, temperature, 

light quality and intensity, dark treatment, type of culture vessel and the amount 

of medium used per regenerating explant (Predieri and Malavasi, 1989; 

Ancherani et al., 1990; Theiler and Theiler, 1990; Standardi and Houshmand, 

1992; Caboni et al., 2000; D’ Angeli et al., 2001; Dobranszki et al., 2002). 

Regeneration of several scion and rootstock cultivars of apple has been reported 

and proved to be efficient for some genotypes (Theiler and Theiler,1990,Yepes 

and Aldwinckle,1994). 

 James et al.  (1984)  attempted the regeneration of shoots from the callus 

of stem explants of the apple rootstocks (M 9, M 25, M 26, and M 27). Dufour  

(1990)  reported  in  vitro  adventitious  regeneration  in  apple  cultivars ‘Granny  

Smith’,  ‘Mark’,  ‘Novole’,  ‘Lancep’  and  ‘Cepiland’  through  primary  and  

secondary calli originated from leaf explants or through direct regeneration from 

leaf explants. It was found that the regeneration potential was highly influenced 

by the genotype. In  shoot  regeneration  via  callus,  the  regeneration  potential  

varied  from  5.4%  in  ‘Golden  Delicious’ to 100%  in  cultivar  ‘Gala’.  The 

other cultivars did not show any organogenic response via callus formation. 

Ancherani et al.  (1990) reported adventitious shoot formation from the leaves of 

apple rootstock MM 106 via callus formation. 
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 Factors influencing in vitro regeneration and development of shoots from 

leaves of the cultivars ‘Golden Delicious Bovey’ and ‘Gold spur’ were studied by 

Marn et al. (1999). 0.2mg/1 TDZ and 0.1mg/1 IBA induced the highest number 

of well developed healthy shoots. To determine induced genetic variation, 39 

regenerants of the cultivar ‘Golden Delicious Bovey’ and 38 regenerants of the 

cultivar ‘Gold spur’ were screened with 25 RAPD primers. On the basis of the 

estimated amount of genome screened, it can be concluded that the regeneration 

technique induced relatively high genetic variation. Modgil et al. (1999) obtained 

direct organogenesis from in vitro grown leaves of apple rootstock MM106 and 

reported the influence of different BA concentrations on regeneration frequency. 

 Gamage et al. (2000) reported in vitro shoot regeneration from leaf tissue 

of apple cultivar ‘Orine’ and high shoot proliferation using carry over effect of 

TDZ. Gercheva et al. (2000) reported plant regeneration from leaf tissue of apple 

cultivars ‘Granny Smith’, ‘Macspur Golden’ and ‘Starkrimson’ by using MS 

medium with 2.5µM IBA and 7.5µM TDZ. Leaf tissue callogenesis of apple 

rootstock ‘M7’ was found with 5mM each of BAP and Forchlorfenuron (Martins 

et al., 2001). D’-Angeli et al. (2001) studied the effect of macro and 

microelements, BA concentration and the period of auxin application on 

adventitious shoot formation from apple rootstock. 

 Chandani et al. (2003) obtained high efficiency of shoot regeneration with 

half strength MS medium (1/2MS) for Pyrus pyrlfolia, and Nitsch Nitsch (NN) 

medium for Pyrus communis. In both species, the basal region of the leaf was 

found to be more suitable than the distal region for callus and shoot bud 

formation. High concentration (5mg/1) of thidiazuron efficiently induced callus 

formation and shoot bud initiation in both species. Higher frequencies of callus 

production and rooting from regenerated shoots were observed with increasing 

indole butyric acid concentration in rooting medium.  

 Zhang et al. (2004) developed the protocol for the regeneration system of 

tissue culture in ‘Granny Smith’ apple using MS medium supplemented with BA 

at 0.3-0.6 mg/l and NAA at 0.1-0.3 mg/l which promoted the growth of 

vegetative axillary buds and regeneration of lateral buds. 
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 Effect of different growth regulators, dark/light treatment, time of leaf 

excision, leaf age and repeated regeneration cycles on shoot regeneration from in 

vitro grown leaf explants was evaluated in clonal apple rootstock MM 106 by 

Modgil et al. (2005). Repeated regeneration cycles showed that with the increase 

in number of cycles, regeneration percentage decreased but number of shoots per 

explant and length of shoots were found to be increased. Pathania (2006) studied 

plant regeneration in apple rootstock MM111 and assessment of genetic variation 

among regenerants. Both direct and indirect regeneration was obtained on MS 

medium with BA (2, 3, 4 mg/l) and NAA (1 mg/l) in light as well as in dark but 

relatively higher regeneration was found in explants grown in light. 

 Regeneration of adventitious shoots from native dwarf rootstock of apple 

(Malus domestica Borkh cv ‘Gami Almasi’) was optimized for the first time by 

Rustaee et al. (2007).  Direct organogenesis from leaf of in vitro grown shoots 

was obtained from apple cv ‘Gami Almasi’. Two regeneration mediums with MS, 

N6 compounds and various combinations of BA and NAA were used. Leaf and 

callus tissues were used for regeneration tests. Highest percentage of shoot 

regeneration (93.75%) from leaf in MS medium was achieved. 

 Adventitious shoot regeneration was obtained by Sun et al. (2008), using 

leaf explants of in vitro cultured shoots of Malus baccata. Optimal regeneration 

was obtained using Murashige and Skoog medium supplemented with 4mg/l 6-

benzyladenine and 0.5 mg/l naphthalene-acetic acid. Dark incubation for 10 days 

gave the best results and sorbitol was proved to be the most suitable carbon 

source for shoot regeneration in M. baccata. The highest regeneration frequency 

was 97% and the greatest shoot number per regenerated leaf explant was 8.7.  

Mitic et al. (2012) developed an efficient in vitro shoot regeneration method from 

leaf explants of apple cultivars ‘Golden Delicious’ and ‘Melrose’ by optimization 

of regeneration medium, explant type and orientation, dark pre-treatment, and 

gelling agent. Murashige and Skoog’s  medium containing 22mM thidiazuron 

(TDZ) and 1.5mM indole-3-butyric acid (IBA) was found to be  superior for 

regeneration as well as for subsequent shoot multiplication in both cultivars, 

providing regeneration frequency of 95%. 
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 Zhang et al. (2014) developed a simple and efficient protocol for 

obtaining shoots from leaf explants by optimizing the combinations of plant 

growth regulators, mode of wounding, and explant orientation on the culture 

medium. Regeneration rates were found to be highest (99%) when MS medium 

was supplemented with 2.7µM thidiazuron and 0.9µM naphthalene acetic acid, 

and cut-wounding explants before placing the abaxial surface in contact with the 

medium. The best rooting percentage (80%) was obtained on MS medium 

supplemented with 4.92µM IBA. 

 A successful adventitious shoot regeneration protocol for apple rootstock 

‘Pingyitiancha’ (Malus hupehensis var. pinyiensis) was developed by Jin et al. 

(2014). Leaves as explants were cultured on MS medium containing 2.0 mg/l 

TDZ and 0.2 mg/l IBA with abaxial surface in contact with the medium and 

incubated   for 14 d in the dark which showed the highest percentage (100%), 

with an average of 3.6 shoots per regenerating explant. Shoots regenerated from 

leaves were rooted on half-strength MS medium containing 0.4 mg/l NAA. The 

rooting percentage was 94.4%.  

2.2  IN VITRO SELECTION  

 Carlson (1973) demonstrated the feasibility of in vitro selection for disease 

resistance. He suggested that if cells or tissues are exposed to a selection pressure 

and that plant with an altered response to infection by the pathogen, could be 

regenerated from the selected cultured cells. Thus, resistant somaclonal variants 

formed might be more resistant to the pathogen.  

 Plich and Rudnicki (1979) studied the effect of toxins of Phytophthora 

cactorum, a pathogen to apple under in vitro conditions. It was observed that 14 

days old culture of P. cactorum contained a toxin capable of inducing wilting in 

cuttings of apple after 15-24 hrs.  Utkhede (1986) screened the world apple 

germplasm collection for resistance to P. cactorum in vitro. Rootstocks M9, M26 

and M4 were found less susceptible to P. cactorum than MM106. 

 Rosati et al. (1990) reported the regeneration of shoots from M26 and 

MM106 apple clonal rootstocks and tested on proliferation media enriched with    

10-25 per cent P. cactorum culture filtrate. They reported that some of the clones 
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showed higher resistance to culture filtrate as compared to standard clones.  In vitro 

evaluation of strawberry (Fragaria × ananassa ‘Brighton’) somaclonal variants for 

susceptibility to P. cactorum was carried out by Battistini and Rosati (1991).  

Mezzetti et al. (1993) tested two methods for early screening of disease resistance in 

apple rootstocks and cultivars. The capacity of P. cactorum culture filtrate (CF) to 

act as selective agent was tested both on in vitro proliferation shoots and on cell 

membrane polarization using optical probe (Merocyanine 540). With assays, four 

rootstocks (M26, MM106, MM111, Mark), five cultivars (‘Gala’, ‘Liberty’, 

‘Mclntosh’, ‘Empire’, ‘Jonathan’) and some M26 and MM106 regenerants were 

tested. Both methods were able to characterize different tolerance to CF among the 

rootstocks, which co-related with their known field resistance. The second method 

could be considered more efficient for genotypes discrimination and also for host-

pathogen interaction studies. On the other hand, Donovan et al. (1994) studied the 

somaclones in apple for resistance to fire blight pathogen Erwinia amylovora and 21 

per cent of them showed an increase in resistance to E. amylovora compared with 

the parental material. 

 Mutants resistant to Alternaria blotch disease in several cultivars of apple 

were produced by Saito et al. (2001) by irradiation with X-rays. An efficient in vitro 

assay method was established using chemically synthesized AM-toxin 1 of A. 

alternata to screen for mutants resistant to Alternaria blotch disease. Thakur et al. 

(2002) used callus cultures derived from internodal segments of two cultivars of 

carnation susceptible to Fusarium oxysporum f. sp. dianthi for in vitro selection for 

resistance to this pathogenic fungus. Resistant calli obtained were used for plant 

regeneration. About 32% of the plants regenerated from the resistant calli had 

acquired considerable resistance against the pathogen in the field. No phenotypic 

variation was observed in the selected regenerates. 

 Resistant calli were in vitro selected from cucumber explants under 

challenging stress of cucumber wilt pathogen Fusarium oxysporum f. sp. 

cucumerinum culture filtrates (CF) (EL-Kazzaz and Ashour, 2004). The progenies 

of in vitro regenerated plants occurred under CF stress, showed resistance when 

exposed to the pathogen infection. The results cleared that resistance in cucumber to 

wilt pathogen was controlled by one pair of genes and segregated as 3 resistant : 1 
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susceptible. They concluded that in vitro selective regime via tissue cultures is 

advisable for selection of novel disease resistant plants. 

 Gayatri et al. (2005) developed root rot disease tolerant clones of turmeric 

variety ‘Suguna’ of Curcuma longa L. by using continuous in vitro selection 

technique against pure culture filtrate of Pythium graminicolum. Callus was 

challenged with FCF of P. graminicolum and after three selection cycles, four cell 

lines tolerant to CF were isolated. Companioni et al. (2006) subjected the first report 

on validating a method for differentiating banana resistance against the attack of the 

Fusarium oxysporum f. sp. Cubense strain 1 fungus, based on applying fungus 

culture filtrate on banana leaves. This method constitutes a useful tool for increasing 

the selection efficiency ex vitro irrespective of environmental or seasonal conditions 

for disease development. 

 Ganesan and Jayabalan (2006) reported in vitro selection method for 

isolation of Fusarium wilt and Alternaria leaf spot disease tolerant plantlets in 

cotton (Gossypium hirsutum). Somatic embryos tolerant to fungal culture filtrate 

(FCF) were isolated from the embryonic callus on regeneration medium fortified 

with 40 per cent FCF. In vivo testing was carried out on plantlets raised from 

somatic embryos. Four out of 24 plants tested were tolerant to F. oxysporium. The 

selected plants showed an enhanced survival rate as compared with control when 

they were grown in earthen pots inoculated with 1×105 spores/ ml of F. oxysporium. 

Shoot clumps of gladiolus ‘Eurovision’ and ‘Wine and Rose’ multiplied in vitro 

were irradiated with different doses of 60Co60 gamma rays by Pathania and Mishra 

(2003). Survival of irradiated shoots decreased with increased dose of 60Co60 gamma 

irradiation. In vitro selection by challenging with fusaric acid (1-1.5 mM) and 

culture filtrate (20%) of Fusarium oxysporum f. sp. Gladioli, resulted in Fusarium 

yellows insensitive mutants at the end of the 3rdselection cycle. 

 In vitro evaluation of Phytophthora cactorum (Lebert and Cohn) culture 

filtrate influence on apple rootstock MM106 was carried out by Goel et al. (2007). 

Calli were subjected to different concentrations of FCF (5-25%) and 5.35 percent 

callus lines were selected at 20 percent level of FCF. Biochemical analysis revealed 

that phenol content was three times higher in selected callus lines. However, callus 

lines were unable to regenerate. 
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 Ali et al. (2007) induced mutations under in vitro conditions for screening of 

red rot (Colletotrichum falcatum) resistance in sugarcane. They found regeneration 

of plants at 0.5% toxin with maximum callus death. Field screening was carried out 

against two different isolates of C. falcatum by using syringe method of inoculation 

(Hussnain & Afghan; 2001). Out of 164 in vitro selected resistant lines, after two 

years field trials, only 8 were found to be resistant against red rot disease. 

 Kumar et al. (2008) carried out in vitro selection and regeneration of 

chrysanthemum against culture filtrate of Septoria obesa. Resistant cell lines were 

selected by culturing callus on growth medium containing various concentration of 

S. obese filtrate. About 30 percent of plants regenerated from resistant calli and 70-

80 percent of plants raised acquired considerable resistance against the pathogen in 

the field. 

 Nasir et al. (2008) reported in vitro selection for Fusarium resistance in 

gladiolus. Cormel pieces of four Fusarium susceptible cultivars (‘Friendship’, ‘Peter 

Pears’, ‘Victor Borge’ and ‘Novalux’) formed friable callus which was used to 

establish cell suspension. Plantlet regeneration was obtained from control as well as 

in vitro selected Fusarium oxysporum. Cell suspensions of all four cultivars were 

found to be highly sensitive to fusaric acid. The gradual increase in the fusaric acid 

concentrations to cell suspension reduced cell growth considerably. 

 Saxena et al. (2008) established a protocol  for the induction of disease 

resistance in callus cultures of rose-scented geranium, Pelargonium graveolens cv. 

‘Hemanti’ against leaf blight disease caused by the fungal pathogen Alternaria 

alternata. The calli were subjected to various concentrations of culture filtrate (0%, 

4%, 8%, 12%, 16% and 20%) obtained from A. alternata. The regenerants from calli 

were confirmed for A. alternate resistance by exposing their leaves to the same 

concentrations of culture filtrate as used previously. While the parental wild type 

demonstrated typical susceptibility, the leaves of putative resistant clones remained 

green and viable in the presence of toxin. 

 Ranade (2009) carried out work on cell line selection in carnation cv. 

‘Master’ using fungal culture filtrate of Fusarium oxysporum f. sp. dianthi as a 
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selective agent. The selected plants showed resistance development to Fusarium 

oxysporum f. sp. dianthi in in vivo testing. 

 Singh et al. (2011) carried out in vitro selection of calli of Citrus jambhiri 

Lush. resistant to culture filtrate of Phytophthora  parasitica. Cotyledon derived 

calli were cultured on selective MS medium supplemented with 5-100 % of culture 

filtrate. The selected tolerant calli were transferred to regeneration medium. 

Regenerated shoots were transferred to rooting medium.   About 81 % of the 

selected regenerants exhibited resistance to P.  parasitica, whereas none of the 

control plants showed resistance. 

 A technique was developed for in vitro screening of cells/shoots of apple 

rootstock Malling7 against Dematophora necatrix culture filtrate (Modgil et al. 

2012).  Friable calli as well as regenerants were exposed separately to selection 

medium fortified with different levels (10–90%) of fungal culture filtrate (FCF) of 

D. necatrix to isolate tolerant cells/regenerants. 5.18% callus lines and 40% shoots 

survived on 70% FCF which were further subjected to three cycles of treatment 

using continuous in vitro selection approach. Five resistant lines were obtained after 

doing pathogenicity.  

 Esmaiel et al. (2012) cultured embryogenic calli derived from leaf base 

explants of two carnation cultivars, ‘Lia’ and ‘White Liberty’, for resistance to toxic 

metabolites produced by Fusarium oxysporum f. sp. dianthi, using two selection 

methods, the double  layer culture and culture filtrate techniques. Results indicated 

that the reduction of callus growth rate was higher with the in vitro selection method 

using double layer than with the in vitro selection method using culture filtrate. 

Results also revealed that embryogenic callus percentage, shoot formation and root 

induction percentages were affected by in vitro selection methods.  

 Valencia et al. (2014) carried out in-vitro selection of pineapple cv. 'Queen' 

with resistance to culture filtrate of Phytophthora cinnamomi Rands. The 

inoculation of pineapple calli with different concentrations of P. cinnamomi crude 

filtrate showed that the toxic effects of the crude filtrate on the treated calli 

decreased with the reduction in filtrate concentration. Calli resistant to P. 
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cinnamomi crude filtrate were selected and regenerated into plantlets after 3 cycles 

of selection. 

 Kairat et al. (2013)   studied the regeneration ability of different genotypes 

of sugar beet explants on selective media with the culture filtrate of the pathogen 

fungus Fusarium oxysporum var. orthoceras.    For  regeneration  in vitro of  the  

sugar  beet  genotypes  resistant  to  the  pathogen,  the  culture  media  was  

optimized  to  the  culture  filtrate  of  the  fungus  F.  oxysporum. The frequency of 

shoot regeneration, depending on the genotype, was 1.0-12.5 %. On these explants, 

the multiple shoot formations were observed.  

 Zhang et al. (2014) used callus cultures derived from in vitro scales of 

Oriental lily ‘Casa Blanca’ susceptible to Fusarium oxysporum for in vitro selection 

for developing resistance to this pathogenic fungus. Resistant cell lines were 

selected by culturing calli on MS medium supplemented with growth regulators and 

containing 80% concentrations of culture filtrate of F. oxysporum. 7.0% calli 

regenerated shoots on MS medium supplemented with different concentrations of 

naphthalene acetic acid (NAA) and benzyl adenine (BA). The selected clones were 

moderately resistant to Fusarium bulb rot. 

 



 

 

Chapter-3 

MATERIALS AND METHODS   
 

 The present investigation entitled, “Selection of in vitro shoots of apple 

rootstock MM106 tolerant to fungal culture filtrate  of collar rot pathogen” 

was carried out in the Department of Biotechnology of Dr Y S Parmar University of 

Horticulture and Forestry, Solan. 

3.1 CLEANING OF GLASSWARE 

Superior quality borosilicate glassware was used for carrying out the 

experiments. All the glassware was soaked in chromic acid for 2-3 hours or 

overnight followed by rinsing. The glassware was then soaked in a solution of 10 

per cent (v/v) teepol in hot water for few hours and cleaned by washing with the 

help of a test tube brush. Finally rinsed with double distilled water and dried at 

150ºC in a hot air oven for 2-3 hours.  

The used glassware with spent up media and contaminated cultures were 

firstly autoclaved to kill contaminating microorganism and molten media was 

disposed off to empty the culture vessels. The culture vessels were then treated 

with 10 per cent (v/v) teepol solution (in hot water) for one hour. These were 

washed under running tap water and finally rinsed with distilled water followed 

by drying in hot air oven at 150ºC for 2-3 hours. 

The other plasticware such as measuring cylinders, beakers, petri dishes 

etc. were washed with mild non abrasive detergent (5 per cent teepol) and rinsed 

with tap water followed by rinsing with distilled water. The plasticware was 

dried in hot air oven at temperature of 100 - 120º C for 1 hour. 

3.2 MEDIA PREPARATION  

3.2.1 MS medium  

MS medium given by Murashige and Skoog’s (1962) was used for in 

vitro propagation experiments. Separate stock solutions of inorganic nutrients, 

vitamins, and plant growth regulators were prepared and kept in refrigerator. 
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Each salt of stock solution was dissolved separately in distilled water to avoid 

precipitation. Inorganic and organic stock solutions were stored at 4ºC for 

maximum of one month.  The stock solutions of vitamins were prepared fresh 

after every 15 days. The growth, differentiation and organogenesis of tissues 

depend on addition of one or more growth regulators. All the growth regulators 

were prepared fresh after a week. The auxins were dissolved in minute quantity 

of dilute HCl where as cytokinins were dissolved in diluted NaOH solution. The 

desired volume was adjusted with distilled water. The gibberellic acid was 

dissolved in distilled water. The chemicals used for the preparations of stocks 

were of analytical reagent grade and obtained from reliable firms (Hi Media). 

For medium preparation, each stock was added one by one in required 

quantity. After addition of sucrose (30.0 g/l), vitamins and growth regulators, pH 

of the media was adjusted to 5.6-5.8 with 0.1N HCl or 0.1N NaOH. Final volume 

was adjusted with double distilled water. Thereafter, agar-agar (8.0g/l) was added 

and homogenized by heating the medium.  

The medium in a uniformly liquid state was poured into the desired 

culture vessels such as culture tubes/100 or 150 ml conical flasks (Borosil, India) 

and then plugged with cotton plugs wrapped in muslin cloth. The medium was 

dispensed into the culture vessels occupying only one third volume of its space 

and then autoclaved at a pressure of 15 lbs per inch2 at 121ºC for 15 minutes for 

proper sterilization of culture media. Finally, the medium was brought down to 

room temperature and stored in dark at 25 ± 2ºC and used after 5-7 days of 

preparation. 

3.2.2  Potato Dextrose Broth  

 Potato dextrose broth was used for isolation of fungal toxin.  Potato was 

peeled and cut into small pieces and boiled in water for 10-15 min. The solution 

was strained through clean muslin cloth. Then dextrose and agar were added and 

dissolved to make final volume. pH of the medium was adjusted to 7.0-7.2 with 

0.1 N NaOH. Agar was added to the medium which was homogenized by 

heating. The medium was prepared in the flask (250-500 ml flask) so that it 

occupied only three fourth of the volume of the space inside the vessel.             
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The vessels containing the medium were autoclaved at 15 lbs per inch2and 121.6º C 

temperature for 15 minutes for proper sterilization of the media. 

3.3  ASEPTIC MANIPULATIONS AND CULTURAL CONDITIONS  

Maintenance of aseptic conditions is very important aspect during in vitro 

techniques to prevent any source of contamination. The tools used for transfer of 

cultures such as forceps, scalpels, needles and spatulas were wrapped in aluminum foil 

and sterilized by autoclaving. During use, the instruments were kept in glass bead 

sterilizer, and then dipped in rectified spirit followed by frequent flame sterilization. 

All the manipulations were carried out in laminar air flow chamber fitted with 

UV light (Klenzaids Bioclean, Devices (P) Ltd., Model 1504). Before starting with 

aseptic manipulations, the floor of chamber was thoroughly wiped with rectified spirit. 

Thereafter, culture vessels containing medium, autoclaved culture equipments, rectified 

spirit and spirit lamp were kept inside the chamber and UV light was switched on for 

10-15 minutes. After switching off the UV light, air flow was allowed to run for at least 

10 minutes. Before starting the aseptic manipulations, hands were thoroughly washed 

with soap and water. In order to make hygiene, hands were frequently wiped with 

rectified spirit which was allowed to evaporate during culturing. The rims of tubes and 

flasks were flame sterilized before and after inoculations. 

In all experiments, the cultures were incubated under conditions of well 

controlled temperature, humidity, illumination and air circulation. The cultures were 

kept in culture room at 25 ± 2oC under 16/8 photoperiod (16 hours of light and 8 hours 

of dark) with 35µM /m2s photosynthetic photon flux (PPF), obtained from fluorescent 

lights emitted by Phillips tubes with lamps. Wrapping the culture vessels with carbon 

paper or keeping the culture vessel in closed cardboard box maintained dark 

conditions, whenever required. 

3.4 REGENERATION AND MICROPROPAGATION OF SHOOTS 
 (CONTROL EXPERIMENT ) 

3.4.1  Multiplication of shoots of apple rootstock MM106 

Already maintained in vitro shoots of MM106 were separated and transferred to 

the fresh standard multiplication medium i.e. MS (Murashige and Skoog, 1962) basal 

medium supplemented with 0.5 mg/l BA, 0.5 mg/l GA3 and 0.1 mg/l IBA,  
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30g/l sucrose, 8g/l Difco Bacto agar. The shoot cultures were incubated and 

subcultured in culture room after every 4-5 weeks. 

3.4.2  In vitro induction of shoots from leaf explants 

  For shoot bud induction, two cytokinins with two auxins were used to 

optimize the regeneration process. Subcultured multiple shoots of apple rootstock 

MM106 of one month old (Fig 1) were used as source material for leaf explants. 

Fully expanded and healthy young leaves were excised from apical portions of in 

vitro shoots. A cut was made on tip edges and basal part of leaves and wounded 

the leaf tissue on veins and across the midrib with forceps. Explants were placed 

with their abaxial sides oriented downward on regeneration medium consisting of 

MS supplemented with already standardized growth regulator combinations i.e. 

BA (2-5 mg/l) and NAA (0.5-1 mg/l) ( Modgil et al., 1999). Secondly, different 

combinations and concentrations of TDZ (0.4-0.6 mg/l) and IBA (1 mg/l); TDZ 

(0.4 mg/l) and NAA (0.5-1 mg/l) were evaluated. All the media were 

supplemented with 30 g/l sucrose and solidified with 8g/l Difco-Bacto agar. A 

total of 16 combinations of growth regulators were used which are shown in 

Table1. Four or five leaf explants were cultured onto conical flaks of 100-150 ml 

capacity with 35 ml medium. After 4 weeks of incubation, percentage of 

regenerating explants, average number of shoots per regenerating explants and 

length of shoots were recorded. Leaf explant/ callus with regenerated shoots were 

subcultured in similar fresh medium to induce more number of shoots in next 

four weeks.   

3.4.3 Multiplication of regenerated shoots 

 Best regeneration medium was determined and the well regenerated, non 

vitrified and healthy adventitious shoots (regenerants) were separated/ excised from 

leaves or callus and multiplied in above mentioned multiplication medium to get the 

sufficient number of regenerants for selection experiments. 
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Table1: Different combinations of cytokinins and auxins added to MS 
 medium for adventitious shoot induction in apple rootstock 
 MM106 

 

3.5  PREPARATION AND MAINTENANCE OF FUNGAL CULTURE 
 FILTRATE 

3.5.1  Collection and of fungus 

 The fungal cultures of 3 isolates of Phytophthora cactorum were obtained 

from the Department of Plant Pathology, UHF.  

3.5.2  Multiplication and maintenance of pure cultures 

 The pure cultures of each isolate of P. cactorum were maintained on Corn 

meal agar on slants in test tubes. After inoculation, the cultures were incubated at 

25оC for 15-20 days till the uniform growth was obtained. Thereafter, the culture 

tubes with pathogen were covered properly and preserved at 4оC in refrigerator to 

stop further growth. 

3.5.3 Preparation of fungal culture filtrate  

3.5.3.1  Fungus cultivation  

  Three isolates of fungal pathogen were cultivated separately in Potato 

Dextrose liquid medium. Small bits of size 2.0 mm2 of fungal mycelium were cut 

 

Media code Addition to MS medium(mg/l) 
BA NAA TDZ IBA 

MS1 2 0.5 - - 

MS2 3 0.5 - - 
MS3 4 0.5 - - 
MS4 5 0.5 - - 
MS5 2 1.0 - - 
MS6 3 1.0 - - 
MS7 4 1.0 - - 
MS8 5 1.0 - - 
MS9 - 0.5 0.4 - 

MS10 - 0.5 0.6 - 
MS11 - 1.0 0.4 - 
MS12 - 1.0 0.6 - 

MS13 - - 0.2 1.0 
MS14 - - 0.4 1.0 
MS15 - - 0.6 1.0 
MS16 - - 0.8 1.0 
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and inoculated in each 250 ml flask containing 200ml of medium.  The cultivated 

flasks were incubated at 26+2оC for 23-25 days in stationary conditions for 

isolation of fungal toxin, till the mycelial growth was seen.  

3.5.3.2  Extraction of culture filtrate 

   The liquid fungal cultures were used for preparation of culture filtrate 

which was obtained under aseptic conditions in the laminar air flow cabinet. The 

filtration was carried out in following phases: 

1.  Coarse filtration 

 First of all, the fungal cultures in liquid medium were  filtered by three 

layers of sterilized muslin cloth, followed by filtration through previously 

sterilized ordinary filter paper. 

2.  Centrifugation  

 Centrifugation was done at 10,000 rpm for 10 min in eppendorf centrifuge 

using sterile centrifuge tubes. Supernatants containing toxin were taken and pellet 

having fungal mycelium were discarded.  

3.  Filtration through Whatmann filter paper  

 Supernatants were then passed through Whatmann Filter Paper No. 42 

under aseptic conditions. 

4.  Filtration through sintered glass filter  

 The final filtration was carried out by passing the supernatant through a 

Millipore filter, type G-5 (0.22 µm pore size) to produce the culture filtrare.   

 After filter sterilization, the filtrate of three  isolates were mixed in equal 

quantities  and kept in culture room for seven days to check  if there was any 

spores left after the filtration as well as growth of any pathogen. After confirming 

that there was no pathogen growth, the culture filtrate was used for the 

preparation of selective media. 

3.5.4  Testing the toxicity of the culture filtrate 

 To assess the toxicity of culture filtrate, the regenerants were incubated in 

100% fungal culture filtrate. Potato Dextrose Broth (the medium which was used 
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to grow the fungal culture) was used as control as it had the same composition as 

the culture filtrate except for the toxin.  Observations regarding effect of toxin on 

control and treated regenerants were noted. 

3.6  PREPARATION OF SELECTIVE MEDIUM  

 The selective media was prepared by pouring different concentrations (20-80 

per cent v/v) of the sterilized culture filtrate of fungus into autoclaved shoot 

multiplication medium. Equal quantities of distilled water from MS multiplication 

medium were replaced by the same amount of CF to prepare 20-80 percent 

concentrations of the selective agent.  

3.7  IN VITRO SELECTION OF REGENERANTS 

 The regenerants cultured/ exposed to selective medium with various 

concentration of FCF under laminar air flow chamber. 4-6 shoots were placed in 

each flask and incubated for 4 weeks to see the influence of FCF concentrations on 

regenerated shoots and estimate the critical concentration of the selective agent. 

Cultures were visualized daily to see any browning or necrosis of stem/ leaves. 

Growth of the shoots and survival percentage of shoots after 1-4 weeks were also 

noted. 

3.7.1  Selection of tolerant regenerants 

 The critical concentration of the fungal culture filtrate at which some shoots 

survived was noted. Half of the survived/ tolerant shoots under stress were 

subcultured for second selection  cycle on same selective medium (continuous 

cycle) to confirm their tolerance to FCF. The regenerants survived here were further 

subcultured on non selective multiplication medium. Other half was transferred for 

shoot growth and multiplication on non selective multiplication medium 

(discontinuous cycle). 

 A comparison was made between normal and selected regenerants to study 

the growth behaviour and multiplication. Percent tolerance/ survival in second 

selection cycle was recorded.  
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3.8  IN VITRO PATHOGENICITY TEST 

 Selected regenerants were subjected to pathogenicity test in multiplication 

stage in order to test for tolerance.  For this experiment , regenerants with and 

without selection pressure were dipped in fungal mycelia  suspension for a minute  

and cultured  on non selective multiplication medium (FCF free), and incubated in 

culture room as done before. Observations related to growth of fungus and shoots 

were noted from 3rd to 8th day. 

3.9  IN VITRO ROOTING  

  For induction of rooting, the regenerants of 1.0-1.5 cm length were 

separated out and cultured on rooting medium which contained half strength of MS 

medium supplemented with 0.3 mg/l IBA and 20g sucrose. In our previous study, 

0.3 mg/l IBA was shown to give best rooting response.  Rooting frequency and 

shoot growth were observed after four weeks.  

3.10  HARDENING AND ACCLIMATIZATION  

 After in vitro development of roots inside the culture tubes, the plantlets 

were taken in such a way, so that no damage was caused to their root system. The 

regenerated plantlets were washed gently under running tap water to remove any 

adhering medium and dipped in 0.5% carbendazim for 30 minutes. These 

plantlets were transferred to plastic cups of diameter 5.0 cm containing 

autoclaved cocopeat drenched with ¼th MS medium and 8 g/kg  biocontrol agent 

Tricoderma harzianum  (Tricho-HRTM)  to keep the mixture moist and nutritive so 

that it can support the plant growth. Plantlets were placed in the media in such a 

way that roots just touched the surface of potting mixture. Hardening of potted 

plantlets was accomplished in glasshouse at about 20-22ºC temperature to 

maintain high humidity by covering with polyehtlene bags ( having holes in them 

for air circulation). Temperature was maintained by misting, cooling pads and 

fans. The plants were acclimatized by decreasing humidity gradually after 15 

days by making bigger holes. Then, the daily exposure to plants was increased by 

removing bags for short duration after further one week till the bags were 

completely removed.  
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3.11  STATISTICAL ANALYSIS  

 The data recorded for the different parameters were subjected to 

completely randomized design (Cochran and Cox, 1963 and Gomez and Gomez, 

1984). The statistical analysis based on mean values per treatment was made 

using analysis of variance technique for CRD. 

 

 

 

  



 
 

Chapter-4 

 RESULTS AND DISCUSSION 
 
 

  
 The results obtained during the present investigation on “Selection of in 

vitro shoots of apple rootstock MM106 tolerant to fungal culture filtrate of 

collar rot pathogen” have been presented under the following sections: 

4.1  IN VITRO SHOOT REGENERATION 

4.1.1  Induction of regeneration 

 This experiment was carried out to study the effect of different 

combinations of cytokinins and auxins on shoot induction from leaf explants. In 

all experiments, leaves showed increase in size and swelling after one week of 

culturing. Adventitious shoot induction was observed directly (direct 

organogenesis) along the basal and central portions of leaves within 3-4 weeks of 

culturing. Green and whitish callus was also observed on cut surfaces of the 

explants. Some of the shoots appeared to induce from this callus which resulted 

in indirect organogenesis. Though separate experiments to check the effect of 

older leaf explants was not carried out, but it has been observed that first 3-4 

apical leaves influenced the capacity to regenerate adventitious shoots and had 

greater regeneration potential. Similar results were also observed in other apple 

rootstocks and cultivars (Swartz et al., 1990; Welander and Maheswaran, 1992; 

Pawlicki and Welander, 1994). Higher regeneration rate of apical leaves might be 

because the youngest leaves have less differentiated and metabolically more 

active cells, which with a suitable hormonal and nutritional situation could 

improve organogenesis. It has been observed in MM106 that when leaf explants 

along with developed shoots after 4 weeks were subcultured in the same fresh 

medium, number of shoots were found to increase.  Our results agree with the 

observations in other apple cultivar (Fasolo et al., 1990) that number of shoots 

increases with the increased induction period. The effect of growth regulators 

appears to be related not only to concentration, but also to treatment length. It has 

been reported previously that time in culture is one of the factors that increases 

somaclonal variations (D’amato. 1983).  
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Table 2: Effect of BA and NAA supplemented medium on adventitious shoot regeneration from leaf 
  explants of MM106. 

 

*Values expressed in parenthesis are arc sine transformed values

 
Medium 

code 

MS medium  
with 

Total 
number of 
explants 
cultured 

Number of 
explants 

regenerated 

Percentage of 
explants 

regenerated 

Number of 
shoots per 

explant after 
4 weeks 

Average 
number of 
shoots per 

explant 

Number of 
shoots per 

explant 
after 8 
weeks 

Average 
number of 
shoots per 

explant 
BA 
mg/l 

NAA 
mg/l 

MS1 
 

2 0.5 50 5 10.1(18.5) 2-3 2.5 4-5 4.5 

MS2 3 0.5 50 10 20.0(26.5) 2-3 2.5 4-5 4.5 

MS3 4 0.5 50 16 32.0(34.4) 3-4 3.5 7-6 6.5 

MS4 5 0.5 50 20 40.0(39.2) 4-5 4.5 7-6 6.5 

MS5 2 1.0 50 10 20.0(26.5) 2-3 2.5 4-5 4.5 

MS6 3 1.0 50 18 36.0(36.8) 2-3 2.5 4-5 4.5 

MS7 4 1.0 50 15 30.0(33.1) 4-5 4.5 6-7 6.5 

MS8 5 1.0 50 30 60.0(50.7) 4-5 4.5 8-9 8.5 

C.D0.05     0.48     

SE+ 
 

    0.22     
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4.1.2  Effect of growth regulators 
 

 The success of a culture is affected by the type and concentration of applied 

cytokinins, because their uptake, transport and metabolism differ between varieties and 

they can interact with endogenous cytokinins of an explant (Strnad et al., 1997; van 

Staden et al., 2008). It has been seen that all the eight combinations of   BA (2-5mg/l) 

and NAA (0.5-1mg/l) used in the present studies resulted in direct (without callus) as 

well as indirect (through intermediate callus) regeneration of shoots from leaf explants. 

As also found with other apple cultivars or rootstocks (James et al., 1998; Welander., 

1998), a combination of cytokinin and auxin was necessary for regeneration of 

adventitious shoots from leaf explants.  Indirect shoots were developed with the 

formation of compact whitish callus from leaves cultured on four combinations of 2-5 

mg/l BA and 0.5 mg/l NAA (Table 2, Figs. 2a,b; 3a,b) with the regeneration frequency 

varied from 10-40%. All the shoots obtained were healthy, green and non vitrified. 2.5 

to 4.5 average number of shoots per regenerating explant were obtained after 4 weeks 

which increased by two times after one subculture on same medium composition (Fig. 

4a,b). When MS medium was supplemented with same concentrations of BA with 1 

mg/l NAA, most of the shoots originated directly from basal and central portions of 

leaves  as well as through green and white callus (Figs. 5a,b; 6a,b; 7). The regeneration 

percentage was found to be varied from 20-60%. Healthy and well developed shoots 

were obtained in each combination, the number of which ranged from 2-5 shoots per 

leaf explant. However, the shoot number increased to 4-9 with 8.5 average numbers of 

shoots when subcultured on medium of same composition (Fig. 8). 

 Overall among 8 combinations of BA and NAA (Table 2), it has been observed 

that medium supplemented with 5 mg/l BA and 1 mg/l NAA resulted in highest 

regeneration frequency i.e. 60% with nine shoots per explants. Very few studies have 

reported the use of IAA with BA. Ancherani et al. (1990) is one of them who reported 

indirect organogenesis and 40-47% regeneration frequency on BA (11.0 µM) and IAA 

(5.4 µM), with 25 days dark treatment to obtain adventitious shoots in MM106. In their 

experiment shoot number per leaf ranged from 1.5 to 2.2 which was very low in 

comparison to ours. He further reported that this regeneration frequency was difficult to 

reproduce and appeared highly dependent on explants quality. But the results reported 

in our studies were consistent with the findings already obtained by Modgil et al. 
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(1999) in the same rootstock which confirms the reproducibility of our previous results. 

It has also been seen that frequency of regeneration was observed to increase with the 

increase in the concentration of BA (Table 2). Our results also agree with the 

observations made by Sharma (2003) in apple rootstock M7, where 5 mg/l BA and 1 

mg/l NAA resulted in maximum regeneration of shoots through callus. 

 In the present studies, 1.0 mg/l NAA was found more suitable in inducing 

adventitious shoots from leaves when combined with high concentration of BA. 0.5 

mg/l NAA proved less efficient due to low regeneration frequency and number of 

shoots per explant. Although IBA and IAA (indole-3-acetic acid) have been used to 

regenerate several apple cultivars, NAA is the preferred auxin (Malnoy, 2009). The 

results were consistent with the findings obtained with other rootstocks (Fasolo et al., 

1989; Theiler and Theiler., 1990; Caboni et al., 1996). However, Jamil and Khan 

(2000) achieved adventitious shoot formation in apple cultivars by culturing leaves and 

internodes with low NAA (0.2 and 0.5 mg/l) and low BA (0.5- 2.0 mg/l). These 

differences may be genotypic.  

 Among plant growth regulators, cytokinin plays a major role in the process of 

cell regeneration, and the physiological activity of TDZ has the greatest influence on 

plant regeneration (Huetteman and Preece, 1993). Here, TDZ with auxins was 

compared with BA on the regeneration capacity of leaves of MM106. MS medium 

supplemented with four combinations of TDZ (0.4-0.6 mg/l) and NAA (0.5-1 mg/l) 

resulted in indirect and direct regeneration, with most of the shoots appeared as vitrified 

and small. Formation of whitish compact callus around the wounded portions (Figs. 

9&10) were also observed. Some of the shoots were of rosette type.  Regeneration 

frequency varied from 13 to 23.3% where 0.4 mg/l TDZ and 0.5 mg/l NAA resulted in 

highest (23.3%) with 3.5 average number of shoots per regenerating explants (Table 3 

), followed by 13.3% in combinations of 0.4 and 0.6 mg/l TDZ with 1 mg/l NAA 

(Table 3). While the highest number of shoots (4.5) per regenerating explant was seen 

on medium supplemented with 0.6 mg/l TDZ and 1 mg/l NAA (Fig. 10b). Low 

regeneration frequency (11%) was also reported by Korban et al. (1992) in Malling7, 

when leaves were incubated in dark on medium supplemented with 5-20 µM TDZ in 

the absence/presence of NAA, through 1-2 mm callus. On the contrary, non-vitrified 

and healthy shoots were obtained in apple rootstock MM111 (Pathania, 2006), with 1 
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mg/l each TDZ and NAA, though the regeneration frequency was only 30% but number 

of shoots reached to 24 after 6 weeks. Our results are in contrast to high regeneration 

rates (75%) with good shoot yield (15) obtained in Merton793 on the same 

concentration which we used in the present studies (Manjusha, 2014), whereas similar 

to the findings that shoots formed were vitrified, small and difficult to separate. Zang et 

al. (2013) reported 99% organogenetic potential for shoot regeneration from leaf 

explants of G.41 apple rootstock on medium containing 2.7 µM TDZ and 0.9 µM NAA 

 On the other hand, small bunch of vitrified and  abnormal shoots (Fig. 11 ) were 

observed on two combinations of TDZ and IBA (0.2%&1 mg/l; 0.6&1 mg/l), and the 

regeneration percentage was found to be very low i.e 6.7 and 3.3%, but average number 

of shoots (4.5) per regenerating explant obtained was good in both (Table 3). Here also, 

number of shoots increased with the increase in subculture (Figs. 12 a,b). Pawlicki and 

Welander (1994) found the best results in dark on 0.22 mg/l TDZ and 0.1 mg/l IBA.  In 

regeneration experiments with premier UK apple cultivar ‘Queen Cox’, increasing TDZ 

above 1 mg/l gave rise to abnormal shoots, i.e. stunted shoots with a rosette habit that 

did not develop further (Wilson and James., 2003). But in the present studies, even 

lower concentration of TDZ led to vitrification and rosette type of shoots.  Very low 

levels of TDZ (0.44 µM) proved to be the best for ‘Alkmene’, ‘Greensleeves’, ‘Idared’ 

and ’M9’. As TDZ level increased more abundant calli formation was observed and 

fewer shoots developed (Hanke et al., 1991). Thus, it is clear that the optimal TDZ 

concentration largely depends on genotype. 

 After analyzing the present results, best regeneration response and number of 

shoots were obtained on 5 mg/l BA and 1 mg/l NAA supplemented medium. The 

shoots developed on TDZ combinations were of no use in our experiments.  It was 

already established that although the potential of organogenesis is common in Malus, 

frequency of regeneration is variable between genotypes (James et al., 1988; Fasolo et 

al., 1989).  
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Table 3: Effect of TDZ, NAA or IBA on adventitious shoot regeneration from leaf explants of MM106. 

  

*Values expressed in parenthesis are arc sine transformed values.

 
Medium 

code 

MS medium  
with 

Total 
number of 
explants 
cultured 

Number of 
explants 

regenerated 

Percentage of 
explants 

regenerated 

Number of 
shoots per 

explant 
after 4 
weeks 

Average 
number of 
shoots per 

explant 

Number of 
shoots per 

explant 
after 8 
weeks 

Average 
number of 
shoots per 

explant 
TDZ 
mg/l 

NAA 
mg/l 

MS9 
 

0.4 0.5 30 7 23.30(4.92) 2-3 3.5 4-5 4.5 

MS10 0.6 0.5 30 6 20.00(4.58) 3-4 3.5 5-6 5.5 
MS11 0.4 1.0 30 4 13.30(3.78) 2-3 2.5 4-5 4.5 
MS12 0.6 1.0 30 4 13.30(3.78) 4-5 4.5 5-6 5.5 
C.D.  

 

   0.68(0.08)     
SE+ 

 

    0.29(0.03)     
 TDZ 

mg/l 
IBA 
mg/l 

       

MS13 0.2 1.0 30 2 6.70(2.77) 2-3 2.5 4-5 4.5 
MS14 0.4 1.0 30 0 0.00(0.00) 0.0 0.0 0.0 0.0 
MS15 0.6 1.0 30 1 3.30(2.07) 4-5 4.5 6-7 6.5 
MS16 0.8 1.0 30 0 0.00(0.00) 0.0 0.0 0.0 0.0 

C.D0.05     0.47(0.09)     
SE+ 

 

    0.20(0.03)     



 

 

 



 

 

 

 



 
 

30

4.1.3  Multiplication of regenerated shoots  

 All healthy, non vitrified regenerated shoots obtained  from leaves either 

through callus or directly on BA and NAA supplemented medium were excised 

and multiplied on already standardized multiplication medium (Fig. 13 ). It has 

been observed that upto five times multiplication can be achieved with 3-3.4cm 

shoot length (Table 4). 

It appears that regenerants multiplied almost similar as axillary shoots. On the 

contrary, in the previous studies on apple rootstock MM106 by Modgil et al. 

(2005), double multiplication rate of regenerated shoots with longer shoots and 

more number of leaves were found.  

Table 4: Multiplication of regenerants on MS supplemented with 0.5  mg/l 
 BA,  0.5 mg/l GA3 and 0.1 mg/l IBA 

 
4.2   MAINTENANCE OF PURE CULTURES AND PREPARATION OF 
 FUNGAL CULTURE FILTRATE 

 There are many factors like different cultural conditions, temperature, and 

composition of medium and time of culture, which may change the form of 

pathogen i.e. from virulent to avirulent. For the present work, pure culture of P. 

Cactorum was maintained on corn meal agar medium because it resulted in good 

growth of fungus (Fig. 14a). For isolation of toxin, fungus was grown on potato 

dextrose broth on which mycelial growth started on on 3rd day and increased upto 

20 days of inoculation (Fig. 14b), which has used for the preparation of culture 

filtrate after 25 days. However, Garg (1987) reported oatmeal agar and corn meal 

agar the best media for growth of P. Cactorum. Different scientists have used 

different liquid media for preparation of culture filtrate such as Clark’s medium 

Sr. No. Regenerants from 
medium code  

Multiplication 
rate 

Average 
length of 

shoots (cm) 

Number of 
cultures tested 

1 
 

MS3 1:3-4 3.25 5 

2 
 

MS5 1:2-5 3.1 6 

3 
 

MS6 1:4-5 3.14 8 

4 
 

MS7 1:4-5 3.10 7 

5 
 

MS8 1:4-5 3.40 8 
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was used for Fusarium oxysporum (Hartman et al., 1984), Czapek Dox medium   

(Arcioni et al., 1987; Mezzett, 1993 and Thakur et al ., 2002) for F. oxysporum 

and P. cactorum. After going through different stages of filtration (Figs. 14c,d,e), 

a clear, transparent filtrate was obtained (Fig. 14f) which did not show any spore 

of fungus or any other pathogen after incubation for further 15 days. Culture 

filtrates in several cases have shown the presence of extracellular non-specific 

phytotoxins that determine pathogenicity (Nachimas et al., 1979; Pennisi et al., 

1988; Sesto et al., 1990). Also, a correlation is must between the in vitro and in 

vivo responses of the host to the infection caused by a pathogen for the toxin to 

be utilized for the selection of disease-resistant genotypes. After testing the 

toxicity of fungal culture filtrate (FCF), it was observed that regenerated shoots 

started turning brown the next day and found to be dead within 5th  days when 

dipped in 100% FCF while shoots dipped in PD broth remained green and alive. 

Therefore, 25 day old CF was considered as toxic and used for selection 

experiments. It has been assumed that plant’s resistance/tolerance to the fungal 

toxins could reduce susceptibility to the collar/ crown rot pathogen. These studies 

are supported (Gaumann, 1954; Wood, 1971) by the fact that an important factor 

in disease development is the production of a toxin that is released when the 

fungus is grown on an appropriate liquid medium (Plich and Rudnicki, 1979). 

Our results are not in line with Plich and Rudnicki (1979) who found 14 days old 

CF highly toxic. The reason may be that they used ME agar medium for 

maintenance of isolates whereas, we used corn meal agar medium. Secondly, 

fungal isolates used by us may be different from one used by Plich and Rudnicki. 

Toxic culture filtrate of Fusarium oxysporum and Alternaria carthami have been 

used in various studies of in vitro selection of disease resistant plants of 

carnation, pea, safflower ( Thakur et al., 2002; Svabova and Lebeda, 2005 and 

Kumar et al., 2008). 

4.3  IN VITRO SHOOT SELECTION 

 Selection through enhanced expression of pathogenesis-related (PR) 

proteins, antifungal peptides or biosynthesis of phytoalexins is an important tool 

for desirable plant selection (Ganesan and Jayabalan, 2006; Kumar et al., 2008). 

This technology is easy and cost effective compared to the transgenic approach 
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for the improved disease tolerance (Jayashankar et al., 2000). In vitro selection for 

resistance to a pathogen can be carried out using organogenic or embryogenic calli, 

shoots, somatic embryos or cell suspensions by exposing them to toxins produced by 

the pathogen, pathogen culture filtrate or to the pathogen itself (Kumar et al., 2008).  

 A perusal of literature reveals that very little work has been done on in vitro 

shoot selection in apple and other crops.  Most in vitro disease resistance screening 

techniques to date have concentrated on the exploitation of somaclonal variations 

(Daub, 1986; Hammerschlag et al., 1995).  While this is a useful technique for 

maintaining beneficial gene combinations (Larkin and Scowcroft, 1981), the genetic 

variability caused by sexual hybridization is lost.  The major advantage of using tissue 

culture techniques to screen for resistance in rootstocks is that the resistant rootstocks 

can be vegetatively propagated to maintain beneficial gene combinations. Therefore, 

adventitiously raised shoots were selected in vitro against FCF of P. cactorum by 

exposing these regenerants to different concentrations of FCF in order to determine the 

critical dose. 

 When regenerants were subjected to 20-40% FCF added in the regeneration 

medium, it has been observed that shoots on 20-30% FCF remained green initially but 

tips of leaves showed browning after four weeks of culturing (Fig. 15a,b ). However, no 

shoot was found dead at these concentrations  (100% survival),  whereas in case of 40% 

culture filtrate, 96.6% regenerants  survived after 4 weeks of culturing (Figs. 16). The 

survival and growth rate of shoots decreased tremendously with the increase in 

concentration of culture filtrate (Table 5). On 50% and 60% FCF supplemented 

medium, morphological changes like colour, texture and growth of shoots have been 

observed i.e. leaves of most of the shoots became brown while others remained green. 

After four weeks, approximately 10-30% shoots were observed to be dead and 86.6 and 

77% shoots survived respectively (Table 5). The multiplication rate of surviving shoots 

on 50% and 60% FCF containing medium was found to be slower as compared to 

control regenerants cultured on FCF free (control) multiplication medium.  

 The regenerants cultured on selective medium having 70% FCF, it was 

observed that leaves started turning red brown and necrotic after 5 days of        
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culturing (Fig. 17a) while basal portions of stems started showing the same symptoms 

in the 2nd week, which eventually died. 67.7% shoot survival was observed after 4th 

week (Fig. 17b) which multiplied very slowly.  Fujita (1990) described that in collar 

and crown rot, foliar symptoms are indicative of root or vascular dysfunction. Effected 

trees exhibit poor terminal growth and become stunted. It has been observed in the 

present study that gradual change of green colour of leaves and shoots to reddish brown 

then to necrosis after application of a culture filtrate of fungus confirmed that there is 

some factor present in the culture filtrate which is responsible for causing disease 

symptoms similar to those caused by the pathogen in natural infection conditions.  

Table 5:  Effect of different concentrations of fungal culture filtrate (FCF) of 
 Phytopthora cactorum on regenerated shoots of MM106. 
 

 

*Values expressed in parenthesis are arc sine transformed values. 
 

 On medium with 72% FCF, leaves and stem basis of some shoots started 

turning brown after 4th day of culturing (Fig. 18a) which spread to upper portions  upto 

2nd week (Fig. 18b ), as a result, these regenerants became necrotic and could not 

survive and eventually died after 4 weeks. It has been observed further that 62.2% 

shoots survived after two weeks, which reduced to 57.70% after 4 weeks (Table 5).     

  

Sr. No. Regeneration 
medium 

supplemented with 
FCF 

Number of 
regenerants 

exposed 

Percentage of 
regenerants 

survived after 2 
weeks 

Percentage of 
regenerants 

survived after 4 
weeks 

1 
 

control 30 100.00(90.00) 100.00(90.00) 

2 
 

20 30 100.00(90.00) 100.00(90.00) 

3 
 

30 30 100.00(90.00) 100.00(90.00) 

4 
 

40 30 100.00(90.00) 96.60(79.34) 

5 
 

50 30 93.30(74.97) 86.60(68.50) 

6 
 

60 30 83.30(65.85) 77.00(61.31) 

7 
 

70 35 77.10(61.38) 65.70(54.12) 

8 
 

72 45 62.20(52.04) 57.70(49.41) 

9 
 

74 45 55.60(48.19) 37.80(37.92) 

10 
 

76 20 15.00(22.77) 0.00(0.00) 

11 
 

78 20 0.00(0.00) 0.00(0.00) 

12 80 20 0.00(0.00) 0.00(0.00) 
C.D0.05   0.82(0.62) 0.40(0.33) 
SE+ 

 

  0.39(0.30) 0.19(0.16) 
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On the same selective medium, some of these shoots exhibited emergence of new 

shoot buds which increased in length but surviving shoots did not multiply 

further which indicated that cell growth or proliferation of the resistant shoots is 

maintained in the presence of FCF while organogenesis is restricted.  This can 

further be explained on the basis that each regenerant differ in its morphological 

and physiological characters from one another and hence respond differently 

against FCF. 

 In case of selective medium containing 74% FCF, all the shoots started       

turning reddish   brown after 3rd day of culturing (Fig. 19a), which resulted in 

necrosis (Fig. 19b) and finally death. Similarly as in case of 72% FCF, 55.6% 

survival was obtained after 2 weeks on selective medium containing 74% FCF 

whereas, after 4 weeks, shoot survival was reduced to 37.8%.  However, it has 

been observed that green buds started appearing/ emerging from a few nodes 

(Fig. 19c) of brown shoots in 5th week which developed slowly to green shoot on 

the same selective medium. It may be possible that when large populations of 

shoots are exposed to selection pressure, certain percentage of shoots could 

become tolerant to that pressure.  Another reason could be that the genes which 

are responsible for resistance may become active.  Under in vitro conditions there 

may be synthesis of phytoalexins which contribute to the resistant population.   

 It has been seen that shoots started turning brown on 7th and 5th day of 

culturing (Fig. 20a,b) on 76% FCF containing  medium.  15% shoots were 

observed to survive after two weeks of culturing on 76%, but 100% regenerants 

turned necrotic and finally dead after 4 weeks, while on 78% FCF supplemented 

medium, all the shoots turned reddish brown and   became dead within a week. 

All the regenerated shoots cultured on selective medium with 80% FCF, resulted 

in browning of whole shoots after second day which became necrotic and dead 

after 3-4 days (Fig. 20c).   

  After exposing the regenerated shoots of apple rootstock MM106 to 

different concentrations of FCF, it was found that low concentration did not 

affect much to shoots/ regenerants because survival rate was found more (Table 

5). Our results indicate that there is strong correlation between increased 

concentration of FCF and shoot survival rate, and fungal toxin may be 
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responsible for the elicitation of disease symptoms in the shoot tissues. From our 

selection experiments, and as shown in Table 5, critical dose for selection of 

tolerant shoots was found to be 74%, where 37.8% regenerants showed tolerance 

after getting necrotic. In our previous studies done on in vitro cell selection of 

MM106 (Goel, 2000), 5.35% callus lines were found tolerant at 20% FCF of P. 

cactorum while in the present studies, 74% FCF was found as critical dose where 

37.8% shoots survived. The difference may be due to different isolates of fungus 

and different media used. The strain used previously may be more virulent, 

because of the reason that for maintenance and preparation of FCF, oatmeal agar 

medium and clark’s liquid medium respectively were used. Some researchers 

have been successful in obtaining higher resistance in some of the somaclones of 

apple rootstock MM106 to FCF of P. cactorum at shoot level (Rosati et al., 

1990). Different scientists have carried out selection at cell level at different 

concentrations of FCF depending upon the toxicity and the nature of the test 

material.  McDonald and Ingram (1986) reported that 12.5 per cent was the lethal 

dose of FCF of Alternaria brassicola  on Brassica napus.  Arcioni et al. (1987) 

carried out selection in alfa alfa plants against 10 per cent FCF of Fusarium 

oxysporum.  Thakur et al. (2002) reported that dose of FCF of Fusarium 

oxysporum was 15 per cent in carnation. Rottino et al. (1987) and Ganeshan and 

Jayabalan (2006) respectively, challenged egg plant with FCF of Verticillium 

dahliae (Kleb.) and cotton with FCF of Fusarium oxysporum and Alternaira 

macrospora and carried out selection at 40 per cent CF concentration.  Rosati et 

al. (1989) have used culture filtrate of P. cactorum to screen for resistance in 

strawberry.  Response varied with screening techniques based on shoot 

proliferation in vitro or response of leaf disc tissues. In both cases, cultivar 

behavior paralleled field reaction. 

 The surviving tolerant shoots which survived at exposure to 72% and 74% 

FCF were then subcultured for further selection following continuous and 

discontinuous cycles. In discontinuous cycle (FCF free medium), shoots grew in 

length and started multiplying further. At this stage, these regenerants showed 

100% survival (Table 6). However, the growth was very slow (Fig. 21). Slow 

growth of the selected surviving calli on the toxin-free medium was also reported  
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previously (Ling et al., 1985; Gayatari et al., 2005; Thakur et al., 2014) and the 

degree of growth inhibition was found directly proportional to the concentration 

of culture filtrate added to the medium. The present studies are not in line with 

the previous report about the effects of culture filtrate and homogenates of 

Verticillium dahliae and Phytophthora cactorum on in vitro growth of strawberry 

shoots, where Sowik et al. (2001) suggested that pathogenesis in strawberry is 

not toxin mediated, but depends upon the direct action of fungal cells blocking 

the plant’s vascular system. Such a hypothesis is confirmed by the fact that 

shoots growing in close vicinity to, but not in a direct contact with mycelium, 

developed normally 

 As far as the literature concerned, this study constitutes the first report of 

shoot selection in apple rootstock MM106 against P. Cactorum culture filtrare. 

On repeating experiment 4-5 times, the reproducibility of results was found. A 

number of the other investigators have also obtained successful selections using 

FCF to select resistant material against Phytophthora (Behneke, 1979: Rosati et 

al., 1990; Mezzetti et al., 1993), Fusarium (Hartman et al., 1984; Shahin and 

Spivey , 1986; Arcioni et al. 1987), Helminthosporium (Rines and Luke, 1985; 

Chawla and Wenzel, 1987), Phoma Lingam (Sacristan, 1982) etc. and few studies 

on the use of bacterial CF Xanthomonas compestris pv. Pruni were also done 

successfully to screen resistant clones in peach (Hammerschlag, 1984, 1988; 

Hammerschlag and Ognjanov, 1990). 

Table 6: Effect of selection cycles on tolerant regenerants 

          

*Values expressed in parenthesis are arc sine transformed values. 

  

Sr.  
No. 

Selective medium 
with percent FCF 

Percent survival 
of shoots in first 
selection cycle 

Percent survival of selected  
shoots in second selection cycle 
continuous Discontinuous 

1 
 

72 57.70(49.41) 50.00(45.03) 100 

2 
 

74 37.80(37.92) 
 33.30(35.23) 100 

C.D0.05  0.44(0.25) 1.42(0.82) 0.00 

SE+ 
 

 0.15(0.09) 0.50(0.29) 0.00 
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On the other hand, in continuous cycle, (FCF supplemented medium), 

some of the new green shoots which survived in the first selection cycle seemed 

to turn brown in second selection cycle (Fig. 22a,b). It has been found that 

tolerant regenerants obtained under the influence of 72% FCF resulted in 50% 

tolerance when exposed to same concentration of FCF while shoot survival was 

decreased to 33.3% on 74% FCF (Table 6). Our results are supported to some 

extent by Chawla and Wenzel (1987) who reported a decrease in survival from 

28-15% in continuous method and from 29-17% in discontinuous method in 

wheat and barley.  

4.4  TESTING THE PATHOGENICITY  

 In vitro pathogenicity test was done to check whether these tolerant shoots 

were showing some resistance to P. cactorum. It was found that seven out of 

eight regenerated shoots (Table 6) selected under selection pressure exhibited 

tolerance against P. cactorum (Fig. 23), while shoots without selection pressure 

could not survive (Fig. 24). Our results confirm those of Hammerschlag et al. 

(1989) and Rosati et al. (1990) that new phenotypes less susceptible to diseases 

can be found among somaclonal variants and can be detected early using in vitro 

screening techniques.  Higher tolerance to crude P. cactorum CF was found in a 

few cultivars and regenerants of apple by growing in vitro proliferating shoots 

and monitoring cell membrane potential (Mezzetti et al., 1993). It has been seen 

in the present studies that fungus was grown fully in seven days but the 

regenerated shoots of MM106 with selection pressure remained green.  

 Some researchers have been successful in obtaining desired variants by 

screening unselected regenerants (Hartman et al., 1984), whereas, other have 

been unable to isolate resistant lines (Thanutong et al., 1983).  Toyoda et al. 

(1991) selected the resistant lines by transplanting regenerated plants of 

strawberry to a pathogen infested soil and successfully isolated two putative 

resistant lines from 1, 225 regenerants.  

 Hundred per cent resistance or tolerance was exhibited by 30 per cent of 

the guava plants selected in vitro (Vos and Schoeman, 2000).  Similar studies 

were done in cerley by Heath-Pagliuso et al. (1988) and in tomato by Toyoda et  
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al. (1989). They directly inoculated the regenerants with the pathogen and obtained 

successful isolation of plants resistant to soil-borne diseases caused by Fusarium 

oxysporum f. sp. apii and Pseudomonas solanacearum, respectively.   
 

Table 7: In vitro pathogenicity test  

 

4.5  IN VITRO ROOTING  

 The regenerated shoots (control without selection pressure) developed root 

system (Fig. 25, 26) with approximately 75% rooting. The plantlets were kept for 

hardening at controlled temperature and humidity (Fig. 27).  

 
 
 

Sr. 
No. 

Type  of regenerants exposed Number of 
regenerants 

exposed 

Number of 
shoots 

survived 

1 Regenerants without selection pressure (control) 10 0 

2 Regenerants on 74% FCF(with selection 
pressure) 

8 7 



Chapter-5 

SUMMARY AND CONCLUSIONS 
 

 

The present research entitled, “Selection of in vitro shoots of apple 

rootstock MM106 tolerant to fungal culture filtrate  of collar rot pathogen” 

was carried out in the Department of Biotechnology, University of Horticulture 

and Forestry, Solan, H P. The results obtained at every stage of investigation are 

being summarized here under 

5.1 IN VITRO REGENERATION 

� In the present studies, reproducibility of previously standardized 

regeneration protocol of apple rootstock MM106 (Modgil et al, 1999) has 

been found. 

� Regeneration from leaf explants in MM106 can be obtained through 

direct and indirect organogenesis.  

� The highest shoot induction (60%) and shoot number (8-9) was obtained 

on MS medium supplemented with 5 mg/l BA and 1 mg/l NAA. Shoots 

were found to be healthy , non vitrified and green.  

� 1.0mg/l NAA was found more suitable in inducing adventitious shoots 

from leaves when combined with high concentration of BA. 0.5 mg/l 

NAA proved less efficient due to low regeneration frequency and number 

of shoots per explant. 

� Combinations of TDZ along with NAA and IBA also resulted in both 

direct, indirect and low rates of regeneration, but the shoots obtained were 

vitrified and abnormal. 

� MS medium supplemented with 0.4 mg/l TDZ and 0.5 mg/l NAA resulted 

in highest regeneration frequency(23.3%) having 3.5 average number of 

shoots per regenerating explant, followed by 13.3% on medium with 0.4 

and 0.6 mg/l TDZ with 1 mg/l NAA respectively.  
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� Average number of shoots (4.5) per regenerating explants obtained was 

good on medium supplemented with 0.6 mg/l TDZ and 1 mg/l IBA than 

on 0.2% TDZ and 1 mg/l NAA, but regeneration percentage was found to 

be very low i.e 6.7 and 3.3% in both the cases. 

� The number of shoots increased with increase in induction period i.e. 

when leaf explants were subcultured on fresh medium. 

�  Healthy, non vitrified regenerated shoots were excised and multiplied on 

already standardized multiplication medium, to get good number of 

regenerants for selection experiments. 2-5 fold multiplication rate was 

recorded with shoots ranging in length from 3.1 to 3.40. Regenerants were 

rooted and transferred to pots and hardened. 

5.2 IN VITRO SHOOT SELECTION 

� Pure cultures of Phytophthora cactorum were obtained from the 

Department of Plant Pathology, UHF and maintained on Corn meal agar 

medium by incubation at 25+2ºC for 15-20 days till the uniform growth 

was obtained.   

� Fungal mycelium was inoculated in liquid Potato Dextrose medium and 

incubated for 25 days for isolation of fungal toxin.    

� Four stepped filtration was carried out i.e. coarse filtration, centrifugation, 

filtration through Whatmann Filter Paper No. 42 and final filtration 

through a sintered glass filter, type G-5.  

� After filter sterilization, the filtrate of three isolates were mixed in equal 

parts and incubated for 15 days to check if there were any fungal/ 

pathogen spores left.  

� 15 days old FCF was found free of any spore suspension.  

� To test the toxicity, shoots were incubated in 100 per cent culture filtrate 

which resulted in complete necrosis after 5th day.   

� Selective medium was prepared by pouring of various concentrations    

(20-80 per cent v/v) of the sterilized FCF into autoclaved shoot 

multiplication medium.  
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� When regenerated shoots were exposed to selective medium containing 

20-80% FCF, it was found that at 20-50% FCF, most of the shoots 

remained green and alive while at 60% FCF, browning of leaves were 

observed on tips.  

� All the regenerants exposed to 76%, 78% and 80% FCF, became red 

brown, necrotic and dead within a week. 

� Critical dose for selection of tolerant shoots was found to be 74% where 

37.8 % regenerants showed tolerance after getting necrotic. 

� Tolerant regenerants selected on 74% FCF showed 100% survival and 

further growth when cultured on FCF free (control) medium, while 33.3% 

survival on selective medium in continuous 2nd selection cycle. 

� Tolerant regenerants selected on 72% FCF in discontinuous cycle showed 

50% tolerance on selective medium in 2nd selection cycle, while in 

discontinuous cycles, all shoots survived.  

� For in vitro pathogenicity test, regenerants with and without selection 

pressure were dipped in fungal spore suspention and cultured on non 

selective multiplication medium (FCF free).  

� In vitro pathogenicity test showed that seven out of eight regenerated 

shoots selected under selection pressure exhibited tolerance against P. 

cactorum. 

� These tolerant shoots kept for further multiplication. 

 

CONCLUSION 

 An efficient protocol, for in vitro shoot selection by using FCF, to raise 

the tolerant plants against P. cactorum, causing collar/ crown rot in apple 

rootstock MM106, has been standardized. It has been further concluded that 

adventitious shoot regeneration can be a suitable method to uncover somaclonal 

variants resistant to diseases. By following this protocol, it will be possible to 

develop more number of apple rootstock plants resistant to collar/ crown rot.  
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APPENDIX-I 

Composition of Murashige and Skoog’s (1962) basal medium (MS medium) 

Constituents                                                                                 Amount (mg/l) 

A. INORGANIC CONSTITUENTS 

     (i) Macronutrients 

     NH4NO3 (Ammonium nitrate, was already available in the Department)           1650.000 

     KNO3 (Potassium nitrate)        1900.000 

     CaCl2.2H2O (Calcium chloride)         440.000 

     MgSO4.7H2O (Magnesium sulphate)      370.000 

      KH2PO4 (Potassium dihydrogen ortho-phosphate)     170.000 

     (ii) Micronutrients 

     H3BO3 (Boric acid)                           6.200 

     MnSO4.4H2O (Manganese sulphate)                                  22.300  

     ZnSO4.7H2O (Zinc sulphate)            8.600 

     KI (Potassium iodide)                           0.830 

     Na2MoO4.2H2O (Sodium molybdate)          0.250 

     CuSO4.5H2O (Cupric sulphate)                   0.025 

     CoCl2.6H2O (Cobalt chloride)                   0.025 

     C10H14N2O8Na2.2H2O (Sodium EDTA)           37.300 

     FeSO4.7H2O (Ferrous sulphate)                   27.800 

B. ORGANIC NUTRIENTS 

    C8H11NO3.HCl (Pyridoxine-HCl)      0.500 

    C2H5NO2 (Glycine)            2.000 

    C12H17CIN4OS.HCl (Thiamine- HCl)       0.100 

    C6H12O6 (Inositol)         100.000 

    C6H5NO2 (Nicotinic acid)         0.500   
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APPENDIX- II 
Composition of modified Murashige and Skoog (1962) basal medium (MS medium) 

Constituents        g/l 

A. INORGANIC CONSTITUENTS 

STOCK I {Major constituents (50 ml/l)} 

NH4NO3          33.000 

KNO3           38.000 

CaCl2.2H2O          8.860 

MgSO4.7H2O          7.400 

KH2PO4          3.400 

STOCK II {Minor constituents (1ml/l)}  

H3BO3          6.200 

MnSO4.4H2O          22.300 

ZnSO4.7H2O         8.650 

KI           0.800 

Na2MoO4.2H2O         0.250 

CuSO4.5H2O          0.025 

CoCl2.6H2O          0.025 

STOCK III (5ml/l)  

Na2EDTA          7.460 

FeSO4.7H2O          5.560 

STOCK IV {Organic constituents (5ml/l)} 

Pyridoxine          0.020 

Glycine          0.080 

Thiamine          0.040 

Nicotinic acid          0.020 
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APPENDIX –III 
 

COMPOSITION OF POTATO DEXTROSE AGAR (PDA) MEDIUM  

 

CONSTITUENTS QUANTITY  (g/l) 

Peeled potato 200.0 

Dextrose 20.0 

Agar 20.0 
 

 

APPENDIX-IV 

COMPOSITION OF CORM MEAL AGAR (CMA) MEDIUM  

 

CONSTITUENTS QUANTITY  (g/l) 

Corm meal 20.0 

Dextrose 20.0 

Peptone 20.0 

Agar 15.0 
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APPENDIX-V 

ANALYSIS OF VARIANCE 

1. Effect of BA and NAA supplemented medium on adventitious shoot regeneration from 
leaf explants of MM106 (Table 2). 
 

 
2. Effect of TDZ and NAA on adventitious shoot regeneration from leaf explants of 

MM106 (Table 3). 

 

3. Effect of TDZ and IBA on adventitious shoot regeneration from leaf explants of 
MM106 (Table 3). 

 

4. Effect of different concentrations of fungal culture filtrate (FCF) of Phytopthora 
cactorum on regenerated shoots of MM106 (Table 5). 

Source of Variation 
Degree of 
Freedom 

Mean Squares 
Percentage of explants regenerated 

Treatment 7 284.047 
Error 16 0.077 
Total 23 

 

Source of 
Variation Degree of Freedom 

Mean Squares 
Percentage of explants regenerated 

Treatment 3 1.010 
Error 8 0.002 
Total 11 

 

Source of Variation Degree of Freedom 
Mean Squares 

Percentage of explants 
regenerated 

Treatment 3 2.272 
Error 8 0.002 
Total 11 

 

Source of Variation Degree of Freedom 

Mean Squares 
Percentage of 

regenerants survived 
after 2 weeks 

Percentage of 
regenerants survived 

after 4 weeks 
Treatment 11 3,422.265 3,752.544 

Error 24 0.135 0.039 
Total 35 

 
 



 V

5. Effect of selection cycles on tolerant regenerants (Table 6). 

 

Source of Variation Degree of Freedom 

Mean Squares 
Percent survival of 

shoots in first 
continuous selection 

cycle 

Percent survival of 
shoots in second 

continuous 
selection cycle 

Treatment 1 197.899 144.337 
Error 4 0.012 0.126 
Total 5 
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