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Micropropagation of Kainth using nodal explants was carried out in tissue culture laboratory,
Department of Fruit Science, Punjab Agricultural University, Ludhiana during 2011-13. The effect of
various media {1/2 MS (M1), MS (M2) and WPM (M3)} and growth regulators (BAP, IBA and NAA)
on establishment, proliferation and rooting was studied. Per cent necrotic culture was found to be
influenced by type of media and growth regulator fortification during establishment stage. Least necrotic
culture percentage in Kainth was observed by using M2 medium supplemented with BAP (1.5 mgl-1) and
IBA (0.01 mgl-1). M2 medium containing BAP (1.5 mgl-1) and IBA (0.25 mgl-1) gave maximum explant
establishment (52.80 %). During proliferation stage, M3 medium supplemented with BAP (3.0 mgl-1)
resulted in highest proliferated cultures (83.19%). Similarly the highest shoots per explant were obtained
using M3 medium supplemented with BAP (3.0 mgl-1). However, shoots of maximum length were
obtained in M3 medium containing BAP (0.0 mgl-1) i.e control. Per cent rooting, roots per explant and
root length was found to be influenced by type of medium and growth regulator fortification. IBA (0.1
mgl-1) induced maximum rooting (14.08 %) using M1 medium however, NAA (1.0mgl-1) induced
rooting of 27.46 per cent using M1 medium. Similarly using IBA, maximum roots per explant were
obtained using M1 medium supplemented with IBA (1.0mgl-1). However, NAA (1.0 mgl-1) induced
highest roots per explant i.e 3.60 using M2 medium. M3 supplemented with IBA (0.1 mgl-1) resulted in
maximum root length of 31.10 mm however, NAA (1.0 mgl-1) resulted in maximum root length of 23.22
mm using M3 medium.
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1 Introduction
Presently pear (Pyrus spps) is next to apple in importance,
acreage, production and varietal wealth among temperate fruits
in India. It can grow under wider temperature conditions
ranging from minus 260C when dormant to as high as 450C
during growth period (Chadha, 2001). Pear is grown from
warm humid sub-tropical plains to cold dry temperate regions
of India occupying an area of 49340 ha with the annual
production of 317270 MT (indiastat, 2013). The area can be
increased further and cultivation of this crop may prove to be a
best alternative for diversification of agriculture. Seedling
rootstocks are not uniform in growth and productivity (Baviera
et al., 1989). Therefore, vegetative propagation methods like
cutting and stooling are used to multiply pear rootstocks. In
vitro propagation has shown promises for rapid and large scale
clonal multiplication of disease free planting material
throughout the year. In vitro propagation has been reported in
several pear rootstocks like P betulaefolia L. (Hassanen &
Gabr 2012), wild pear (Thakur & Kanwar 2008), OPR 157,
OPR 260 and OH × F 230 (Yeo & Reed 1995), P calleryana
(Antunes de et al., 2004), Pyrodwarf (Ruzic et al., 2011) and P
communis rootstock (Rahman et al., 2007).
2 Materials and Methods
Kainth plants growing in Fruit Research Farm, Department of
Fruit Science, PAU, Ludhiana were used as a source of
explants in the present study. Nodal segment explants were
taken from current season‟s growth from March to November.
The explant source was subjected to uniform cultural practices.
The basal media used in the study were Murashige & Skoog‟s
medium with half strength of macro and micronutrients (M1),
Murashige & Skoog‟s medium (M2) and Woody Plant Medium
(M3).
Explants were first washed in running tap water for 15 minutes
followed by keeping in 1 per cent bavistin along with few
drops of Tween-20 for 20 minutes. Later on explants were
washed thoroughly by keeping under running tap water till all
residues gets washed out. Before culturing, explants were
sterilized with 0.1 per cent HgCl2 for 5 minutes within laminar
air flow cabinet, followed by 3-4 washing using sterile water.
The hood of the cabinet was thoroughly cleaned by cotton
dipped in methanol. All the instruments used were autoclaved
before culturing. The explants were inoculated in test
tubes/glass jars containing autoclaved media using sterilized
forcep for establishment. Different media (½ MS, MS and
WPM) fortified with different combinations of 6benzylaminopurine (BAP) (0.5-3.0 mgl-1) and IBA (0.01-2.0
mgl-1) were used during establishment stage. The data were
recorded on per cent necrotic cultures and explant
establishment after 3 weeks of inoculation.
The explants which got established on medium were used as
material for proliferation. Necessary dissection of established
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explants was carried out using sterilized blade and forcep
before transfer to shoot proliferation media. Various shoot
proliferation media i.e. M1, M2 and M3 fortified with various
concentrations of BAP i.e. 0.5-5.0 mgl-1 were used. The
optimum media and concentration of BAP for shoot
proliferation was standardized. Observations on per cent
proliferated cultures, number of shoots/explant and average
length of shoot (mm) was recorded after third subculture and
the culture duration were five weeks each.
After allowing shoots to multiply on shoot proliferation
medium, individual shoots were separated (>30mm) and
transferred to root regeneration medium. Different types of
media i.e. M1, M2 and M3 containing various combinations of
IBA (0.1-2.0 mgl-1) and NAA (0.1-2.0 mgl-1) were used.
Observations on per cent rooting, number of roots/ explant and
average length of roots (mm) were recorded four weeks after
culturing. The data generated in course of the present study
was analyzed using completely randomized design (factorial),
replicated 3 times.
3 Results and Discussion
3.1 Effect of various media supplemented with growth
regulators on necrotic cultures
The effect of different media and growth regulator
combination on necrotic culture induction in Kainth explants
during establishment stage is presented in Table 1. These data
reveal exists the significance of the influence of media type
and growth regulator concentration on per cent necrosis in
Kainth explants during tissue culture. M2 medium proved best
in terms of least necrotic culture induction of 11.32 per-cent,
followed by M1 and M3 which resulted in 14.79 and 14.98 per
cent of necrotic cultures respectively. M1 and M3 medium were
statistically similar in terms of induction of necrosis. The least
per cent necrosis (6.35) was observed in media supplemented
with BAP (1.5 mgl-1) and IBA (1.0 mgl-1), it was followed by
combination of BAP (3.0 mgl-1) and IBA (0.01 mgl-1) resulting
in 9.11 per cent of necrotic cultures. Cumulative effect of
media and growth regulator revealed that the lowest necrotic
culture (2.10 %) was observed by using M2 medium fortified
with BAP (1.5 mgl-1) and IBA (0.01 mgl-1) followed by M2
fortified with BAP (3.0 mgl-1) and IBA (0.01 mgl-1). Maximum
necrotic culture percentage of 28.66 was observed in M1
medium fortified with BAP (0.5 mgl-1) and IBA (2.0 mgl-1).
Almost all treatment combinations differ significantly in terms
of induction of necrosis during establishment stage of in vitro
culture. Although there is considerable work done on the
relationship between necrosis and type and concentration of
plant growth regulators, there is no definitive explanation for
their in vitro effects (Bairu et al., 2009). But a variation
observed in necrosis at various combinations of growth
regulators has been credited to medium composition and
growing conditions by Bairu et al. (2009).
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Table 1 Effect of various media types and growth regulators (mgl ) on per-cent necrosis.
Growth regulator combination
(mgl-1)
BAP(0.5)+IBA(0.01)
BAP(0.5)+IBA(1.0)
BAP(0.5)+IBA(2.0)
BAP(1.5)+IBA(0.01)
BAP(1.5)+IBA(1.0)
BAP(1.5)+IBA(2.0)
BAP(3.0)+IBA(0.01)
BAP(3.0)+IBA(1.0)
BAP(3.0)+IBA(2.0)
Control
Mean
C.D (p≤0.05)

Media
M1(1/2 MS)
15.48
25.23
28.66
4.71
17.25
15.16
6.62
10.25
8.05
16.45
14.79

M2(MS)
M3(WPM)
7.79
8.69
22.17
10.35
27.52
10.80
2.10
12.25
7.11
23.17
9.48
15.47
3.50
17.22
4.27
20.16
14.33
17.52
14.89
14.19
11.32
14.98
Media (A)=0.342, GR’s (B)=0.706, A×B=1.296

Equilibrium between phenolic compounds and hormones quite
affects the success on plant tissue culture (Poessel et al., 1980).
These results are in conformity with earlier observations made
by De Paoli (1989) and Leite et al., (1997), who reported
Murashige and Skoog medium as the best medium for culture
initiation resulting in the highest per cent establishment with
least necrotic cultures. Higher necrosis in Woody Plant
Medium may be attributed due to lower total nitrogen content
(Mamaghani et al., 2010).
3.2 Effect of medium on per cent explant establishment of
Kainth
Highest establishment was reported in M2 medium as shown in
table 2. Explant establishment of 32.14 per-cent was achieved
in M2 medium and it was statistically higher as compared to
M1 and M3 medium. Similarly, higher explant establishment
(52.53 %) was reported from the media supplemented by BAP
(1.5 mgl-1) and IBA (0.25 mgl-1). The interaction effect showed
that the treatment combination of M2 containing BAP (1.5 mgl1
) and IBA (0.25 mgl-1) gave maximum per-cent of explant

Mean
10.65
19.25
22.33
6.35
15.84
13.37
9.11
11.56
13.30
15.18

establishment (63.60) {Fig 1} whereas; minimum explant
establishment of 10.68 per cent was obtained on M3
supplemented with BAP (0.0 mgl-1) and IBA (0.0 mgl-1) i.e.
control. Variations in per cent establishment of explants with
different doses of auxin and cytokinin during micropropagation
are in conformity with the reports given by Fan & Jiang (1993)
in apple; Mondal et al., (1994) in Carica papaya; Caboni et al.,
(1999) in pear; Chakravarty & Goswami (1999) in Citrus
acida; Akbar et al., (2003) in pineapple and Canli & Tian
(2008) in sweet cherry. Different media have been tried earlier
for establishment of plant species by various workers and
reported varied results in terms of establishment percentage.
Peer et al., (2013) reported better results in terms of
establishment percentage in sweet cherry cv. Bigarreau Noir
Grossa using Murashige & Skoog medium over Driver &
Kuniyuli medium, Woody Plant Medium & Knop‟s macro and
MS micro-organics medium independent of growth regulators
concentration. In vitro effects of growth regulator on overall
establishment of explant have been reported to be influenced
by growth medium composition, growing conditions and
genotype (Bairu et al., 2009, Karimpour et al., 2013).

Table 2 Effect of various media types and growth regulators (mg/l) on per cent explant establishment.
Growth regulator combination
(mgl-1)
BAP(0.5)+IBA(0.01)
BAP(0.5)+IBA(0.25)
BAP(0.5)+IBA(0.5)
BAP(1.0)+IBA(0.01)
BAP(1.0)+IBA(0.25)
BAP(1.0)+IBA(0.5)
BAP(1.5)+IBA(0.01)
BAP(1.5)+IBA(0.25)
BAP(1.5)+IBA(0.5)
Control
Mean
C.D (p≤0.05)

Media
M1(1/2 MS)
36.80
28.63
12.54
30.86
40.01
19.98
37.58
46.62
15.77
13.40
28.22
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M2(MS)
M3(WPM)
23.08
18.25
25.11
20.02
21.88
18.21
36.40
36.34
36.37
23.07
30.75
38.45
50.42
18.60
63.60
47.38
14.31
18.68
19.45
10.68
32.14
24.97
Media (A)=1.001, GR’s (B)= 1.827, A×B=3.165

Mean
26.04
24.59
17.54
34.53
33.15
29.73
35.53
52.53
16.25
14.51
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3.3 In vitro shoot proliferation
Data regarding shoot proliferation which comprised of per cent
proliferated culture, number of shoots per explant and average
length of shoots was obtained after two sub culturing as shoot
growth was very slow initially irrespective of media used and
growth regulator level. Data of in vitro shoot proliferation has
been given in Table 3, and these results clearly depicts that in
Kainth, percentage of proliferated cultures was significantly
affected by various treatment combinations. Statistically
maximum proliferated cultures (59.09 %) were obtained on M3
medium. With respect to BAP concentration, maximum
proliferated cultures (64.79 %) were obtained by using BAP
(3.0 mgl-1), irrespective of media used. Similarly interaction
values show that maximum proliferated cultures (83.19 %)
were obtained by employing M3 medium supplemented with
BAP (3.0 mgl-1) {Figure 2}.
From the perusal of data in Table 4, it is evident that number of
shoots per explant is influenced by both treatments i.e. type of
media and growth regulator concentration. The highest number
of shoots per explant (4.10) was obtained when M3 was used as
shoot proliferation medium. M1 and M2 resulted in
significantly lesser number of shoots per explants. Data in
Table 4 clearly reveals that maximum number of shoots was
obtained by using higher dose of BAP. Increasing BAP level
from 0.5 mgl-1 to 3.0 mgl-1 resulted in increase in number of
shoots per explant from 2.95 to 4.65. There existed a
significant interaction between type of media and various
levels of BAP by effecting number of shoots produced per
explant. Maximum number of shoots per explant (5.93) was
obtained in M3 medium fortified with BAP (3.0 mgl-1)
followed by M3 supplemented with BAP (1.5 mgl-1).

Data regarding shoot length as influenced in by type of media
and various doses of BAP is presented in Table 5. It is clearly
evident that shoot length decreased with an increase in BAP
dosage although number of shoots per explant increased
significantly. Shoots of most desirable length were obtained on
M3 medium, which was significantly higher than on M2 and M1
medium. Data in Table 5 reveal that BAP (0.5 mgl-1) is best in
terms of production of the most desirable shoot length (41.47
mm), which is at par with control (39.97) containing no BAP.
There was a significant interaction between type of media and
BAP concentration for average length of shoots produced.
Longest shoots (46.32 mm) were obtained in M3 medium that
was free of BAP followed by M3 fortified with BAP (0.5 mgl1
). These two treatments were significantly at par with respect
to each other but were significantly better in terms of
producing most desirable shoot length when compared with
other treatment combinations. These findings are in conformity
with those of Dwivedi & Bist (1999) in P. pyrifolia cv. Gola
and Kadota et al. (2001) in Japanese pear cultivar Hosui, who
reported superiority of WPM over other media with respect to
proliferation rate. BAP level was found to effect significantly
per cent proliferation, shoots per explant and shoot length and
these results are in conformity with studies reported by
Dwivedi & Bist (1999), Sedlak & Paprstein (2003), Cosac &
Frasin (2008), Karimpour et al. (2013), Hassanen & Gabr
(2012), Ruzic et al. (2011), Isikalan et al. (2011) and Soni et al.
(2011). Hu & Wang (1983) reported that cytokinins, especially
BAP stimulated axillary bud development but at higher
concentration shoot elongation was suppressed. Similarly,
higher number of shoots per explant during proliferation stage
on M2 as compared to M1 has been reported by Hassan (2012)
in Le Conte pear, Tange et al. (2008) in Bartlett pear and
Mustafa et al. (2013) on fig due to higher nutrient
concentration.

Table 3 Effect of media types and growth regulator level (mgl-1) on per cent proliferated cultures.
Growth regulator (mgl-1)

Media
M1(1/2 MS)
63.25
45.12
70.79
11.73
47.72

BAP(0.5)
BAP(1.5)
BAP(3.0)
Control
Mean
C.D (p≤0.05)

M2(MS)
M3(WPM)
36.63
50.49
52.92
73.32
40.38
83.19
14.35
29.36
36.07
59.09
Media (A)= 2.352 , BAP (B)= 2.716, A×B=4.705

Mean
50.12
57.12
64.79
18.48

Table 4 Effect of various media types and growth regulator level (mgl -1) on number of shoots/explant.
Growth regulator (mgl-1)
BAP(0.5)
BAP(1.5)
BAP(3.0)
Control
Mean
C.D (p≤0.05)

Media
M1(1/2 MS)
2.33
2.90
3.28
1.54
2.51
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M2(MS)
M3(WPM)
3.70
2.81
4.23
5.13
4.74
5.93
2.23
2.51
3.73
4.10
Media (A)= 0.126, BAP (B)= 0.145 , A×B=0.251

Mean
2.95
4.09
4.65
2.09
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Table 5 Effect of various media types and growth regulator level (mgl ) on average length of shoots (mm).
Growth regulator (mgl-1)

Media
M1(1/2 MS)
40.65
37.77
28.25
37.23
35.98

BAP(0.5)
BAP(1.5)
BAP(3.0)
Control
Mean
C.D (p≤0.05)

M2(MS)
M3(WPM)
40.35
43.40
35.18
41.00
32.22
36.97
36.35
46.32
36.03
41.92
Media (A)= 1.582, BAP (B)= 1.826 , A×B=3.163

Mean
41.47
37.98
32.48
39.97

Table 6 Effect of various media types and IBA level (mgl -1) on per cent rooting.
Growth regulator (mgl-1)

Media
M1(1/2 MS)
14.08
8.67
0.00
0.00
5.69

IBA (0.1)
IBA (1.0)
IBA (2.0)
Control
Mean
C.D(p≤0.05)

M2(MS)
M3(WPM)
8.90
8.39
0.00
0.00
0.00
0.00
0.00
0.00
2.23
2.10
Media (A)= 0.814, IBA(B)=0.940, A×B=1.628

Mean
10.46
2.89
0.00
0.00

Table 7 Effect of various media types and IBA level (mgl -1) on number of roots per explant.
Growth regulator (mgl-1)

Media
M1(1/2 MS)
1.98
2.60
0.00
0.00
1.15

IBA (0.1)
IBA (1.0)
IBA (2.0)
Control
Mean
C.D(p≤0.05)

M2(MS)
M3(WPM)
1.86
1.65
0.00
0.00
0.00
0.00
0.00
0.00
0.47
0.41
Media (A)= 0.053, IBA(B)= 0.061, A×B=0.106

Mean
1.83
0.87
0.00
0.00

Table 8 Effect of various media types and IBA level (mgl -1) on average length of roots (mm).
Growth regulator (mgl-1)
IBA (0.1)
IBA (1.0)
IBA (2.0)
Control
Mean
C.D(p≤0.05)

Media
M1(1/2 MS)
23.30
19.60
0.00
0.00
10.73

M2(MS)
M3(WPM)
29.00
31.10
0.00
0.00
0.00
0.00
0.00
0.00
7.25
7.78
Media (A) = 0.856, IBA (B) = 0.988. A×B=1.711

3.4 In vitro rooting of Kainth.
The in vitro regenerated shoots during shoot proliferation were
transferred to various rooting media supplemented with
different levels of IBA and NAA. Data pertaining to the per
cent rooting, roots per explant and average length of roots
(mm) as affected by type of media and IBA levels is presented
in Tables 6, 7 and 8. The in vitro shoots obtained during
proliferation stage were transferred to various rooting media
supplemented with different levels of IBA (mgl-1). Data of
Table 6 clearly reveal that per cent rooting was effected
_________________________________________________________
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Mean
27.80
6.53
0.00
0.00

significantly by type of media and level of IBA. The highest
level of rooting (5.67 %) was noticed in M1 medium followed
by M2 (2.23 %) and lowest one reported in M3 medium (2.10
%). Media supplemented by IBA (0.1mgl-1) favour rooting and
highest rooting percentage (10.46) was obtained by this
combination, which was significantly higher than rooting (%)
at higher levels of IBA i.e. 2.89 per cent at IBA (1.0 mgl -1).
The highest rooting (14.08 %) was observed in M1 medium
fortified with IBA (0.1 mgl-1) followed by 8.90 per cent in M2
supplemented with IBA (0.1 mgl-1) {Figure 3}.
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Figure 1 Establishment of Kainth using M2 fortified
with BAP (1.5mgl-1) and IBA (0.25mgl-1)

Figure 2 Proliferation of Kainth using M3 fortified
with BAP (3.0mgl-1)

Figure 3 Rooting in Kainth in M1 containing IBA
(0.1mgl-1)

Figure 4 Rooting in Kainth using M1 fortified with
NAA (1.0mgl-1)

Plate I Establishment, proliferation and rooting of Kainth.
Data in Table 7 represents the effect of rooting media and IBA
levels (mgl-1) on number of roots per explant. The highest
number of roots per explant (1.15) was produced in M1, which
is significantly higher than those obtained on M2 and M3.
Maximum number of roots per explant (1.83) was obtained by
using IBA at 0.1 mgl-1 irrespective of media used. M1 medium
fortified with IBA (1.0 mgl-1) resulted in significantly higher
number of roots per explant (2.60) than rest of treatment
combinations.Roots of maximum length (10.73 mm) were
obtained in M1 medium which is significantly higher than root
length achieved in M3 and M2 medium (Table 8). Irrespective
of media used, IBA (0.1 mgl-1) resulted in longer roots (27.80
mm) than root length obtained at IBA (1.0 mgl-1).
Interaction effect revealed that roots of maximum length
(31.10 mm) were produced in M3 medium fortified with IBA
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(0.1 mgl-1), which is significantly higher than other treatment
combinations.
Tables 9, 10 and 11 shows the data regarding the effect of type
of rooting media and various concentrations of NAA levels on
rooting per cent, number of roots per explant and average
length of roots (mm) respectively. Data in Table 9 clearly
reveal per cent rooting induced by NAA was higher than
rooting induced by IBA and rooting was effected significantly
by type of media and level of NAA. The highest level of
rooting (12.65 %) was noticed in M1 medium followed by
11.83 per cent in M2 and lowest (9.57 %) in M3 medium.
Rooting percentage of 22.90 was obtained using NAA (1.0mgl1
) irrespective of type of rooting media, which is significantly
at par to rooting obtained at NAA (0.1 mgl-1) i.e. 22.51 %. The
highest rooting (27.46 %) was observed in M1 medium
fortified with NAA (1.0 mgl-1) {Figure 4} followed by 24.58
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per cent in M2 medium supplemented with NAA (1.0mgl
1
).Number of roots per explant was significantly higher by
using M2 medium irrespective of NAA fortification (Table 10).
NAA at 1.0 mgl-1 induced maximum number of roots per
explant (2.84) followed by 2.63 using NAA (0.1 mgl -1). An
interaction between various media and NAA concentration on
roots per explant was significant resulting in 3.60 roots per
explant on M2 medium supplemented with NAA (1.0 mgl-1)
followed by 3.26 roots per explant in M1 fortified with NAA
(1.0 mgl-1). Similarly, root length was seen to be significantly
affected by type of media and NAA level (Table 11).
Statistically longer roots (8.32 mm) were observed on M1
medium followed by M2 and M3, irrespective of NAA dosage.
NAA at 0.1mgl-1 resulted in longer average root length of
19.95 mm. Interaction values of average root length (mm)
indicate that type of media and NAA levels has significant
effect on this parameter. M3 medium supplemented with NAA
(1.0mgl-1) resulted in longer roots (23.22 mm) followed by
21.56 mm in M3 fortified with NAA (0.1mgl-1). Thakur (2004)
and Thakur & Kanwar (2008) also reported better rooting
response of Kainth as compared to scion varieties. Like the
multiplication rate, rooting ability being genotype dependent
(Sharma et al. 2007) and rootstocks usually root with greater
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ability than scions (Dobranszky & Teixeira da Silva, 2010).
The mineral concentration in the culture medium affects
rooting characteristic and some researchers have proposed that
reduction of salt strength to half strength improved rooting
(Dimassi-Theriou & Economou, 1993). The reason behind
increasing rooting rate on half strength culture medium might
be due to a disorder in carbohydrate to nitrogen in nutrient
medium, which lead to decreasing nitrogen level in shoot and
then improving rooting rate, initiation roots, increasing root
number and lengths (Fotopoulos & Sotiropoulos 2005). Higher
rooting response in Kainth by using NAA as compare IBA are
in conformity with Thakur (2004) and Thakur & Kanwar
(2008). Better rooting response of pear genotypes with NAA is
in concordance to the findings of Singha (1980) who preferred
NAA over IBA for inducing roots in P. communis cv. Seckel
to avoid the basal callus formation. Reed (1995) also found
that some pear genotypes rooted better on NAA than on IBA.
Too high an auxin concentration in rooting media is
undesirable as it leads reduction in rooting by inducing basal
callus formation (Lane 1979) or by inhibiting the root
elongation (Thimann 1977). This may be the reason for poor
rooting response at higher auxin concentration in the present
study.

Table 9 Effect of various media types and NAA level (mgl-1) on per-cent rooting.
Growth regulator (mgl1
)
NAA (0.1)
NAA (1.0)
NAA (2.0)
Control
Mean
C.D(p≤0.05)

Media
M1(1/2 MS)
23.15
27.46
0.00
0.00
12.65

M2(MS)
M3(WPM)
22.74
21.63
24.58
16.65
0.00
0.00
0.00
0.00
11.83
9.57
Media (A)=0.754, NAA(B)=0.871, A×B=1.508

Mean
22.51
22.90
0.00
0.00

Table 10 Effect of various media types and NAA level (mgl-1) on number of roots per explant.
Growth regulator (mgl1
)
NAA (0.1)
NAA (1.0)
NAA (2.0)
Control
Mean
C.D(p≤0.05)

Media
M1(1/2 MS)
2.98
3.26
0.00
0.00
1.56

M2(MS)
M3(WPM)
3.02
1.90
3.60
1.66
0.00
0.00
0.00
0.00
1.66
0.89
Media (A)= 0.061, NAA(B)= 0.070, A×B=0.121

Mean
2.63
2.84
0.00
0.00

Table 11 Effect of various media types and NAA level (mgl-1) on average length of roots (mm).
Growth regulator (mgl1
)
NAA (0.1)
NAA (1.0)
NAA (2.0)
Control
Mean
C.D(p≤0.05)

Media
M1(1/2 MS)
18.97
14.30
0.00
0.00
8.32

M2(MS)
M3(WPM)
19.33
21.56
14.22
23.22
0.00
0.00
0.00
0.00
8.39
11.20
Media (A)= 0.705, NAA(B)= 0.814, A×B=1.409
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Mean
19.95
17.25
0.00
0.00
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