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ABSTARCT: The phenol exudation from explants of woody plant species increases the rate of oxidative
browning that causes death of the majority of cultured explants. A study was carried out to identify the best
antioxidant for in vitro culture establishment and to minimize the phenol exudation in explants of clonal apple
rootstocks MM106 and MM111. The experiment was carried out at Plant Tissue Culture laboratory of School
of Biotechnology and Tissue Culture laboratory of Advanced Centre for Horticulture Research, Udheywalla
of SKUAST-Jammu during the year 2018. Results indicated that MS + 10 g PVP (AM4) resulted in highest
culture establishment in MM111 and MM106 clonal apple rootstocks. The shoot tip and nodal segment
explants of MM111 rootstock recorded highest culture establishment i.e. 47.88 per cent and 35.33 per cent,
respectively, whereas 32.22 per cent and 27.27 per cent culture establishment was obtained in shoot tip and
nodal segment, respectively in MM106 rootstock.
Keywords: Antioxidants, in vitro, culture establishment, MM106 and MM111.
INTRODUCTION
Apple clonal rootstocks are generally propagated
through traditional methods like mould layering or
trench layering but these traditional methods are very
reliant on season, has lower multiplication rates,
susceptible to many diseases, insects pests and viruses
which limits the rate of output and makes the end
product more expensive. For production of adequate
quality planting material within a short period of time
with less input costs, in the recent past years, in-vitro
propagation techniques are observed quite reliable for
several plants for restoration of vigor and yield,
preservation of germplasm in less space over the
traditional methods (Singh, 2002). (Amiri et al., 2011,
Mir et al., 2010, Sedlak and Paprstein, 2008 and
Adıyaman et al., 2004). Apple was one of the first
woody plants to be successfully propagated under in
vitro conditions. It was first micropropagated by Jones
(1967) where it was found that growth of shoot tip
could be stimulated by the synthetic plant growth
regulator, benzyl aminopurine (BAP). Over the last two
decades, several research groups purposed different in
vitro conditions that were suitable for micropropagation
of apple cultivars and rootstock material (Skirvin et al.,
1986, Marin et al., 1983 and Quoirin and Lepoivre,
1977). The clonal apple rootstock MM106 is a cross of
Northern Spy × M 1 and most popular rootstock in its
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category. It was released from East Malling Merton
Research Station, England. It is resistant to wooly apple
aphid, burr knot and ideal for high density planting.
MM111 is a cross of Merton 793 × Northern Spy
developed by John Innes Horticultural Institute and
East Malling Research Station, England. It is resistant
to wooly apple aphid and drought conditions but quite
tolerant to fire blight and crown and root rots.
Considering the climatic and topographical conditions
of Jammu and Kashmir (J & K), clonal apple rootstocks
MM106 and MM111 are very high in demand but still
the availability of quality planting material is very low.
Phenols are the chemical compounds which posses in
common, an aromatic ring bearing one or more
hydroxyl constituents (Kumar and Goel, 2019 and
Onuoha, 2011). Exudation of phenol have been
reported to be the major problem during in vitro
propagation of apple and some other woody plant
species, which increases the rate of oxidative browning
that causes death of the majority of cultured explants
(Nishchal et al., 2018). Volz and McGhie (2011)
reported that all Malus species contain high level of
phenols that inhibits the extent of culture establishment.
In vitro propagation of woody plants is recalcitrant for
optimum growth because of phenol exudation from the
excised portion of the explants during in vitro
establishment of explants. Although, different
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antioxidant/ absorbents viz. PVP, citric acid, ascorbic
acid and activated charcoal have been used to reduce
the problem of phenol exudation but the effectiveness
of antioxidant/ absorbents varies from species to
species as well as physiological conditions of the
mother plants (Jakhar et al., 2019 and Quoirin and
Lepoivre, 1977). The use of antioxidants and
absorbents has been also demonstrated by several
research workers in pear (Podyal et al., 2008), in
pomegranate (Chaugule et al., 2007), in apple (Kaushal
et al., 2005) and in mango (Chandra et al., 2003).
According to them, production of phenolic compounds
is indirectly stimulated by various factors such as
physiological condition, size and age of the explants
used. Therefore, the present study was carried out to
identify the best antioxidant for in vitro culture
establishment of apple clonal rootstocks MM106 and
MM111.

were treated with bavistin solution of 0.2 per cent for
20 minutes followed by mercuric chloride (0.05%,
0.1% and 0.2%) and sodium hypochlorite (3 %, 8 %
and 12 %) at different durations i.e. 2, 4 and 6 minutes
and 10, 20 and 30 minutes, respectively. After surface
sterilization, explants were rinsed in sterile distilled
water 3-4 times in order to remove the traces of
sterilants. Finally, the explants were placed on the
petridish lined with pre-autoclaved filter paper and
finally cultured on conical flasks containing MS
medium.
B. Culturing of Explants for Establishment
The explants were inoculated on MS basal or MS
medium having adsorbent like PVP (2.5 g, 5 g and 10
g), citric acid (2.5 g, 5 g and 10 g) and ascorbic acid
(2.5 g, 5 g and 10 g). The MS medium used was
solidified with 0.8 per cent agar.
RESULTS AND DISCUSSION

MATERIALS AND METHODS
A. Collection of Plant Material
The experimental material for explants of clonal apple
rootstock MM106 and MM111 were taken from newly
grown flushes of selected 2-3 year-old plants grown at
mother block of Regional Horticulture Research SubStation (RHRSS), Bhaderwah of SKUAST-Jammu
during 2018. The shoot tip and nodal segment of 0.5 cm
to 0.75 cm were used as experimental material. The
collected shoots were kept in plastic bags to prevent
wilting till their use in the laboratory. The explants

The different treatments of antioxidants showed a
significant influence on rate of culture establishment in
clonal apple rootstock MM106 and MM111 as showed
in Table 1, Fig. 1 and Table 2, Fig. 2, respectively. The
clonal rootstock MM106 recorded maximum culture
establishment (30.00 %) on MS media containing 10 g
polyvinyl pyrrolidone (AM4) which was statistically at
par with 28.88 per cent in MS media + 5 g polyvinyl
pyrrolidone (AM3). The MS basal medium gave
minimum culture establishment (0.00 %).

Table 1: Effect of antioxidants on per cent culture establishment of clonal apple MM106 rootstock.
Media Code

Treatment

AM1

Control: MS (Basal)

AM2

MS + PVP (2.5 g)

AM3

MS + PVP (5 g)

AM4

MS + PVP (10 g)

AM5

MS + Citric acid (2.5 g)

AM6

MS + Citric acid (5 g)

AM7

MS + Citric acid (10 g)

AM8

MS + Ascorbic acid (2.5 g)

AM9

MS + Ascorbic acid (5 g)

AM10

MS + Ascorbic acid (10 g)
Mean
CD(0.05)

Shoot tip
0.00
(0.00)*
16.66
(24.01)
26.66
(31.07)
27.77
(31.78)
11.11
(19.42)
18.88
(25.67)
20.00
(26.50)
15.55
(23.18)
16.66
(24.08)
17.77
(24.90)
17.11
(23.06)

MM106
Nodal segment
0.00
(0.00)
25.55
(30.34)
31.11
(33.85)
32.22
(34.54)
18.89
(25.73)
27.77
(31.78)
28.88
(32.46)
24.44
(29.60)
25.56
(30.34)
26.67
(31.08)
24.11
(27.97)
Explant (E)
= 0.86
Antioxidant (A) = 1.93
E×A
= 2.72

Mean
0.00
(0.00)
21.11
(27.17)
28.88
(32.46)
30.00
(33.16)
15.00
(22.57)
23.33
(28.72)
24.44
(29.48)
20.00
(26.39)
21.11
(27.12)
22.22
(27.99)

*PVP = Polyvinyl pyrrolidone
*Figures presented in parenthesis are arcsine transformed values
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Fig. 1. Effect of antioxidants on per cent culture establishment of clonal apple MM106 rootstock.
Table 2: Effect of antioxidants on per cent culture establishment of clonal apple MM111 rootstock.
Media Code

Treatment

AM1

Control: MS (Basal)

AM2

MS + PVP (2.5 g)

AM3

MS + PVP (5 g)

AM4

MS + PVP (10 g)

AM5

MS + Citric acid (2.5 g)

AM6

MS + Citric acid (5 g)

AM7

MS + Citric acid (10 g)

AM8

MS + Ascorbic acid (2.5 g)

AM9

MS + Ascorbic acid (5 g)

AM10

MS + Ascorbic acid (10 g)
Mean
CD(0.05)

Shoot tip
0.00
(0.00)*
27.78
(31.78)
34.55
(35.98)
35.33
(36.45)
21.55
(27.64)
28.89
(32.49)
30.00
(33.19)
27.77
(31.78)
28.89
(32.49)
30.00
(33.17)
26.48
(29.49)

MM111
Nodal segment
0.00
(0.00)
36.66
(37.24)
46.66
(43.06)
47.88
(43.76)
31.33
(34.01)
37.78
(37.90)
38.89
(38.56)
34.44
(35.91)
35.55
(36.58)
36.66
(37.24)
34.59
(34.43)
Explant (E)
= 0.54
Antioxidant (A) = 1.21
E×A
= 1.72

Mean
0.00
(0.00)
32.22
(34.51)
40.61
(39.52)
41.61
(40.11)
26.44
(30.82)
33.34
(35.20)
34.45
(35.88)
31.11
(33.84)
32.22
(34.53)
33.33
(35.21)

*PVP = Polyvinyl pyrrolidone
*Figures presented in parenthesis are arcsine transformed values

Fig. 2. Effect of antioxidants on per cent culture establishment of clonal apple MM111 rootstock.
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This is might be due to the lack of antioxidants like
polyvinyl pyrrolidone, citric acid and ascorbic acid
which control the exudation of phenols from the
excised portion of the explants in the medium (Kaushal
et al., 2005). Between the explants used (shoot tip and
nodal segment), nodal segment showed higher culture
establishment (24.11 %) which was significantly higher
than the shoot tip (17.11 %). In the interaction effect,
media composition AM4 showed maximum culture
establishment (32.22 %) for nodal segment followed by
AM3 (31.11 %), while shoot tip showed 27.77 per cent
culture establishment with AM4 followed by AM3
(26.66 %). However, for both explants, minimum
culture establishment was recorded as 0.00 per cent
under control.
In clonal apple rootstock MM111, maximum culture
establishment (41.61 %) was recorded under MS media
+ 10 g polyvinyl pyrrolidone (AM4) which was
statistically at par with MS media + 5 g polyvinyl
pyrrolidone AM3 i.e. 40.61 per cent. However,
minimum culture establishment was recorded as 0.00
per cent under control. Between the two explants, nodal
segment explants gave maximum culture establishment
of 34.59 per cent which was significantly higher than
the culture establishment with shoot tip (26.48%). The
interaction data revealed that nodal segment with AM4
gave maximum culture establishment of 47.88 per cent
followed by 46.66 per cent in AM3, while shoot tip
recorded 35.33 per cent culture establishment followed
by 34.55 per cent with AM3. The MS basal medium
recorded minimum culture establishment of 0.00 per
cent for both the explants. The phenol exudation was
the major problem during culture establishment, which
increases the rate of oxidative browning that causes
death of the majority of cultured explants (Nishchal et
al., 2018). Volz and McGhie (2011) reported that all
Malus species contain high level of phenols that inhibits
the extent of culture establishment. In the present study,
among different antioxidants, polyvinyl pyrrolidone
was found to be more effective antioxidant to minimize
the phenol exudation from the excised portion of the
explants, while citric acid and ascorbic acid revealed
comparatively lower effect on phenol exudation as
compared to polyvinyl pyrrolidone. The effect of
various antioxidants in controlling browning and
phenolic excretion varies between plants and species
(Jakhar et al., 2019). This could be due to the
specificity of different antioxidants like polyvinyl
pyrrolidone, citric acid, ascorbic acid and activated
charcoal to certain plants and species (Prajapati et al.,
2003) who found that culture browning can be
successfully controlled by the addition of polyvinyl
pyrrolidone (PVP) into the medium.
Regarding the season and type of explants, our results
corroborate with the results of Modgil et al. (1999) who
observed that explants of Tydeman’s Early Worcester
apple plants showed maximum sprouting (75.00 %)
during spring and summer months in comparison with
those collected during other seasons (30.00 %).
Lal et al.,
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Similarly, Webster and Jones (1991) and Hutchinson
(1984) agreed that the rate of browning and phenol
exudation of apple explants decreases considerably
when they are collected in the summer months. It has
been also noticed that nodal segment explants showed a
better rate of culture establishment as compared to the
shoot tip explants, this may be due to the reason that
stem nodes (nodal segment) contained the adequate
amount of cytokinins for adventitious shoot production
(Singh and Patel, 2013). Our results are also in
confirmity with the results obtained by Singh and Patel
(2016), Tang et al., 005), Murkute et al., (2004), Singh
et al., (2002) and Pandeliev et al., (1990).
The present study concluded that different antioxidants
play an important role in controlling phenolic exudation
from the excised portion of the explants and decreases
the rate of oxidative browning which caused death of
the majority of cultured explants. MS media + 10 g
PVP gave maximum culture establishment of explants
as compared to all other media compositions in clonal
apple rootstocks MM106 and MM111.
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