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INTRODUCTION

The cultivated apple (Malus x domestica Borkh.) is a member
of family Rosaceae and sub-family Pomoideae. Apple is an
economically important fruit tree around the world (Karakurt,
2006; Aslantas and Karakurt, 2007). In India, apple is mainly
grown in North Western Himalayan region comprising states
of Jammu and Kashmir, Himachal Pradesh and Uttrakhand.
Apple plants are traditionally propagated through grafting and
budding on seedling stock in the nursery. Though, clonal
rootstocks are in use in commercial all over the world but,
seedlings still continues to be the most commonly used
rootstock in India, due to unavailability of elite propagating
material of clonal rootstock (Negi, 2011).

Apple clonal rootstocks are conventionally propagated
through mound layering (stooling). One of the convenient
methods of clonal propagation is through hardwood cuttings
(Hartmann et al., 2002). Among the clonal rootstock Merton
793, MM 111 and MM 106 are more suitable for agro climatic
conditions of North West Himalayas. Merton 793 has been
proved to be suitable rootstock for interplanting of old orchards
because of its adaptability to a wider range of soil, precocious
as compared to seedling rootstocks, vigorous, resistant to
woolly apple aphid, collar rot and tolerant to replant problem.
Merton 793 is cross between M 2 and Northern Spy,
developed by East Malling and John Innes, Horticultural
institute in Merton England, which is a suitable alternative to
seedling stock especially in replantation of senile orchards

(Webster and Wertheim, 2003).

Rooting in Merton 793 rootstock is difficult and certain factors
such as length, diameter, collection date and degree of
hardening of the cuttings, injury and heat treatment of the
cuttings and the treatment concentrations of auxin-like
compounds (Tsipouridis et al., 2003). Apart from these factors
rooting hormones, planting time, maturity of the stock plants
and propagation environment affect the rooting of stem
cuttings (Bhusal et al., 2001).The performance of clonal
propagation can be improved through application of
preconditioning heat treatments and use of growth regulators.
Various growth regulators are already in use since long to
increase rooting potentially in hardwood cuttings of woody
plants. Endogenous factors like as growth hormone balance,
anatomical structure of cutting and carbohydrate level
(Hartmann et al., 2002) and exogenous factors such as
humidity, air and light condition in rooting environment and
age of cuttings are required for satisfactory results in
propagation (Ercisli et al., 2003). Keeping in view all these
facts, the main objective was to study the effect of
preconditioning treatments in addition to plant growth
regulators on rooting of apple clonal rootstock viz. Merton
793.

MATERIALS AND METHODS

The present investigation was undertaken in net house condi-
tions of fruit Nursery block of Department of Fruit Science, Dr.
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Y. S. Parmar University of Horticulture and Forestry Nauni,
Solan H.P. during 2012-2013.The one year old stool shoots
of diameter 1.00 cm - 1.25 cm and 30 cm in length were
collected in the month of January on 12/01/2012 from arial
portion of rooted mound layer stool of Merton 793, during
dormancy. A slant cut was given slightly above a node on the
apical end and longitudinal wounding cut of 1.00 - 2.00 cm
were made at basal end of cuttings to facilitate absorption of
IBA. Nursery beds were prepared by mixing coco peat, sand
and forest soil in the ratio (1:1:1; v/v). Rooting media was
thoroughly mixed and nursery beds of 2 m x 1 m size were
prepared in the net house. The cuttings were planted at a
spacing of 10 cm row to row and 7.5 cm apart in the row. The
cuttings were stored at 22 ≤ C with 80 % relative humidity in
growth chamber as preconditioning treatment for different stor-
age time. Basal portion of the cuttings was dipped for 10-15
seconds in different IBA concentrations prepared in 50 per
cent ethanol (Quick Dip Method).In this experiment, the per-
centage of rooting was calculated and number, length and
diameter, fresh and dry weight of rooted cuttings were mea-
sured (Hartmann et al., 2002). In all there were 16 treatment
combinations of storage time and IBA concentrations each
having 4 storage time (7 days, 14 days, 21 days and 28 days)
and 4 IBA concentrations (1500 ppm, 2000 ppm, 2500 ppm
and 3000 ppm) replicated thrice in a randomized block de-
sign (Factorial). The data on percentage were statistically ana-
lyzed using arc sine transformation to treat the data for remov-
ing skewness (Gomez and Gomez 1984). The level of signifi-
cance for different variables was tested at 5 per cent value of
significance.

RESULTS AND DISCUSSION

The results obtained in the present investigation revealed that
the storage conditions and IBA treatments exert a significant
effect on rooting of cuttings (Table 1).The maximum rooting
percentage of 37.08 % was observed in cuttings stored for 7
days at 22ºC in incubator (growth chamber) and the minimum
rooting (6.67 %) in longest storage time of 28 days. The
application of IBA also exerts a significant effect on rooting of
cuttings. The maximum rooting of 28.33 % was observed in
cuttings treated with IBA 2500 ppm and in comparison to
only (16.67 %) in IBA 1500 ppm which was least. The
interaction effect between storage time and IBA concentrations
on percentage of rooted cuttings was found to be non

significant. The highest rooting of 46.67 % was recorded in
cuttings stored in growth chamber with treatment combination
of 7 days storage time along with IBA 2500 ppm. Whereas,
the minimum rooting percentage of 5.00 % was recorded in
cuttings stored in growth chamber with treatment combination
of 28 days storage time along with IBA 1500 ppm and 3000
ppm. The exposure of cuttings to higher temperature of 22ºC
resulted in quick callus formation, essential for root initiation.
Longer storage of cuttings in incubator reduced rooting due
to encouragement of saprophytic and causing cuttings
mortality. Similar results were also obtained by Child and
Hughes (1978) when basal ends of hardwood cuttings of apple
cultivars were given exposure of 25-30ºC in specially
constructed rooting bins, rooting in very high percentage of
rooted cuttings obtained. Pandit et al. (2011) also reported
that highest rooting percent, maximum number and length of
primary roots were obtained with 3000 ppm IBA with rootstock
MM.106 and MM.111.

The effect of different storage conditions and IBA treatments
on number of primary roots was found to be significant as
revealed by the results obtained in present investigations (Table
1).The maximum number of primary roots per cuttings (4.05)
was recorded in cuttings stored for 7 days and the minimum
number of primary roots (2.50) in 28 days storage time at
22ºC irrespective of IBA treatments. The IBA concentration
also exerted a significant effect on average number of primary
roots per cuttings. The maximum number of primary roots
(3.78) was recorded in cuttings treated with IBA 2500 ppm
and the minimum number of primary roots (3.07) was found
in cuttings treated with IBA 1500 ppm. As evident from the
perusal of results obtained the interaction effect between
storage time and IBA concentrations exerted a significant effect

on number of primary roots. The maximum number of primary

roots (4.60) was recorded in cuttings with treatment

combination of 7 days storage time along with IBA 2500 ppm

and the minimum number of primary roots (2.40) was observed

in cuttings with treatment combination of 28 days storage

time along with IBA 1500 ppm. The preconditioning treatment

of 22ºC for 7 days encourages the quick callusing and

application of IBA is responsible for encouraging root initials

and root growth. There was as synergistic effect of

preconditioning treatment of 7 days and IBA at 2500 ppm for

primary root number. The induction of maximum number of

roots in the treated cuttings may be due to the fact that cambial

Table 1: Effect of storage conditions and IBA treatments on percentage of rooted cuttings and number of primary roots per cuttings of apple
clonal rootstock Merton 793.

Percentage of rooted cuttings Number of primary roots
Concentratin(C) 1500 ppm 2000ppm 2500 ppm 3000 ppm Mean 1500 2000 2500 3000 Mean

Days (D) (D) ppm ppm ppm ppm (D)

7 days 28.33 (32.13) 31.67 (34.21) 46.67 (43.07) 41.67 (40.18) 37.08 (37.40) 3.47 3.80 4.60 4.33 4.05

14 days 23.33 (28.84) 26.67 (31.06) 38.33 (38.23) 33.33 (35.24) 30.42 (33.34) 3.30 3.50 4.37 3.93 3.78
21 days 10.00 (18.04) 11.67 (19.88) 18.33 (25.18) 11.67 (19.88) 12.92 (20.74) 3.10 3.17 3.57 3.37 3.30

28 days 5.00(12.92) 6.67 (14.75) 10.00 (18.04) 5.00 (12.92) 6.67 (14.66) 2.40 2.50 2.60 2.50 2.50
Mean (C) 16.67 (22.98) 19.17 (24.98) 28.33 (31.13) 22.92 (27.05) 3.07 3.22 3.78 3.53
CD (0.05)

D 1.98 0.11
C 1.98 0.11

D × C NS 0.23
* Data in parenthesis are angularly transformed values
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activity involved in root initiation is stimulated by growth
regulators in many species as opined by Ullah et al.,(2005).
Diengngan and Murthy (2014) also obtained highest number
of primary roots (5.00) per micro cuttings in medium
supplemented with 1mg/L IBA in strawberry cv. Festival.

In the present study storage conditions and IBA treatments
exhibited a great effect on length and diameter of primary
roots (Table 2). The maximum length of primary roots (26.70
cm), diameter of primary roots (2.33 mm) was recorded in
cuttings stored for a period of 7 days at 22 ≤ C in growth
chamber and minimum length of primary roots (17.73 cm),
diameter of primary roots (1.58 mm) was observed in cuttings
stored for 28 days in growth chamber. So far as the effect of
IBA treatments is concerned, the maximum length of primary
roots (23.30 cm), diameter of primary roots (2.16 mm) was
recorded in cuttings treated with IBA 2500 ppm and the
minimum length of primary roots (20.29 cm), diameter of
primary roots (1.60 mm) was observed in cuttings treated with
IBA 1500 ppm. The interaction effect between storage time
and IBA concentration was found to be non- significant. The
maximum length of roots (28.60 cm) and diameter of roots
(2.63 mm) was recorded in cuttings with treatment
combination of 7 days storage time along with IBA 2500 ppm.
The storage of cuttings for 7 days enhances the callusing and
initials of root initiation process. Therefore, the longer primary
roots could have been achieved with optimal preconditioning
treatment of 7 days storage. So far as IBA application is
concerned, results in general are in agreement with the findings
of Wagner and Oprita (1985) who reached the same
conclusion in sweet cherry that low auxin concentration cause
lower root numbers but increase its length and higher
concentration increases the root number and decreases its

length. Application of IBA may have triggered the early
anticlinal cell division and root primordial formation than and
considered better than NAA (Ali et al., 2009).These findings
are also in agreement with Abousalim et al. (1993), who also
observed maximum number of roots and diameter in cuttings
of olive when treated with increasing level of IBA up to 4000
ppm. Parasana et al. (2013) recorded maximum length of root
(36.17 cm) in mango seedling in growing media i.e. Soil +
Sand+ Farm Yard Manure (2: 1: 1) under net house conditions.

The results revealed that storage conditions and different IBA
treatments exhibited a significant effect on average fresh weight
of roots and dry weight of roots (Table 3).The maximum fresh
weight of roots (2.03 g) was recorded in cuttings stored for 7
days in growth chamber and the minimum fresh weight of
roots (1.62 g) was observed in cuttings stored for 28 days. As
evident from the perusal of results obtained in this experiment
that the IBA concentrations also exerted a significant effect on
fresh weight of roots. The maximum fresh weight of roots
(2.44 g) was recorded in cuttings treated with IBA 2500 ppm
and the minimum fresh weight of roots (1.23 g) was found in
cuttings treated with IBA 1500 ppm. The effect of interaction
between storage time and IBA concentration was found to be
significant on fresh weight of roots. The maximum fresh weight
of roots (2.89 g) was recorded in cuttings with treatment
combination of 7 days of storage time along with IBA 2500
ppm. However, the minimum fresh weight of roots (1.10 g)
was recorded in cuttings with treatment combination of 28
days storage time along with IBA 1500 ppm.These observations
are supported by the findings of Bhat (2000) who obtained
greater number, diameter and length of root in pomegranate
cuttings with IBA treatment (500ppm) along with Borax 1%
and consequently resulted in greater fresh and dry weight of

Table 3: Effect of storage conditions and IBA treatments on fresh weight and dry weight of roots of cuttings of apple clonal rootstock Merton
793

Fresh weight of roots (g) Dry weight of roots (g)
Concentration(C) 1500 2000 2500 3000 Mean 1500 2000 2500 3000 Mean
Days (D) ppm ppm ppm ppm (D) ppm ppm ppm ppm (D)

7 days 1.35 1.41 2.89 2.48 2.03 0.35 0.40 1.83 1.42 1.00

14 days 1.28 1.35 2.56 2.38 1.89 0.50 0.40 1.48 1.38 0.94

21 days 1.20 1.24 2.21 2.13 1.70 0.18 0.36 1.03 0.93 0.62

28 days 1.10 1.20 2.10 2.09 1.62 0.23 0.58 1.05 1.02 0.72

Mean (C) 1.23 1.30 2.44 2.27 0.32 0.44 1.35 1.19

CD (0.05)

D 0.10 0.18

C 0.10 0.18

D × C 0.19 0.35

Length of roots (cm) Diameter of roots (mm)
Concentration(C) 1500 2000 2500 3000 Mean (D) 1500 2000 2500 3000 Mean (D)
Days (D) ppm ppm ppm ppm ppm ppm ppm ppm

7 days 23.67 27.79 28.60 26.73 26.70 1.77 2.61 2.63 2.37 2.33
14 days 22.81 24.86 26.15 24.25 24.52 1.75 1.94 2.27 2.17 2.03
21 days 17.99 17.37 19.56 18.94 18.46 1.58 1.58 1.99 1.95 1.78
28 days 16.68 17.23 18.90 18.12 17.73 1.32 1.45 1.79 1.76 1.58
Mean (C) 20.29 21.81 23.30 22.01 1.60 1.90 2.16 2.06
CD (0.05)
D 1.36 0.18
C 1.36 0.18
D × C NS NS

Table 2: Effect of storage conditions and IBA treatments on length and diameter of roots of cuttings of apple clonal rootstock Merton 793
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roots. The increase in fresh weight of the roots reflects the root

growth in terms of length as well as number therefore the
cuttings with 7 days of preconditioning heat treatment and

2500 ppm IBA application in apple was found to be optimal

As evident from the perusal of the results obtained in studies
revealed that the storage conditions and IBA treatments exert

a significant effect on dry weight of roots. The maximum dry

weight (1.00 g) was recorded in cuttings stored for 7 days in
growth chamber and the minimum dry weight of roots (0.62

g) was observed in cuttings stored for 21 days irrespective of

IBA treatments. As evident from the results obtained in the
studies conducted indicates that the maximum dry weight of

roots (1.35 g) was recorded in cuttings treated with IBA 2500

ppm. However, the minimum dry weight of roots (0.32 g) was
found in cuttings treated with IBA 1500 ppm.The effect of

interaction between storage time and IBA concentrations was

found to be significant on dry weight of roots The maximum
dry weight of roots (1.83 g) was recorded maximum in cuttings

with treatment combination of 7 days storage time with IBA

2500 ppm and the minimum dry weight of roots (0.18 g) was
recorded in cuttings with treatment combination of 21 days of

storage time with IBA 1500 ppm. These observations are in

agreement with the findings of Dutra et al.,(2002) who recorded
the greater dry matter of roots as well as highest rooting

percentage and more number of roots with treatment of IBA in

the cuttings of peach cv. Diamante, Capdeboscq and BR-2.
Webster et al., (1990) reported that temperature of 21°C was

found to be most suitable for most rootstock, whereas higher

temperature were required for successful rooting of apple
scions.

The result obtained in this experiment indicates that cuttings

stored in growth chamber for a period of 7 days treated along
with IBA 2500 ppm were found to be the best for better rooting

in cuttings of apple clonal rootstock Merton 793.
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