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Summary
Embryonic axes of four genotypes of Cucumis melo were cultured on different fortifications of MS medium to assess their in
vitro response. In vitro morphogenesis (somatic embryogenesis and organogenesis) leading to plantlet regeneration varied
considerably influenced by genotypes and culture medium. Among various medium tested MSD.5B (MS + 1.0mg.l-1 2,4-D
+ 0.5mg.l-1 BA) supported maximum direct somatic embryogenesis (23.91%) and average formation of somatic embryo(s) per
explant (27.80) whereas, MS2D.5B (MS + 2.0mg.l-1 2,4-D + 0.5mg.l-1 BA) was found superior for induction of indirect
somatic embryogenesis (21.32%). Inoculation medium MS2NB (MS + 2.0mg.l-1 NAA + 1.0mg.l-1 BA) proved superior for
initiation of direct (26.59%) and indirect (21.05%) organogenesis as well as regeneration of plantlets (154.41%) with direct
organogenesis. MS medium fortified with 0.5 mg.l-1 NAA+ 0.5 mg.l-1 BA + 0.5 mg.l-1 Kn proved superior for plant regeneration
via somatic embryogenesis (41.58%) and indirect organogenesis (121.76%). Among genotypes, Pusa Madhuras was found to
be superior for most in vitro traits followed by Local Durgapura Madhu and RM-50 for all attributes investigated.

lkjka’k

[kjcwtk dksa pkj tuunzO;kss a dk Hkzw.kh; r:.k dksa ysdj ik=s rduhd ls fofHkUu  :ikUrfjr  ,e-,l- iks’k inkFkZ ij lacf?kZr gksus  dk vkWdyu
fd;k x;kA ik=s rduhd ¼o/khZ; Hkzw.k o vax½ esa ikS/kks dk iqutZuu tuunazO; ,oa lao/kZu iks’k inkFkZ ds ijh{k.k esa ,e- ,l- Mh- 5 ch ¼,e-
,l- $ 1-0 fe- xzk- ,y0-1 2] 4&Mh $ 0-5 fexzk- ,y- 1 ch,-½ lsa lcls T;knk izR;Il dkf;d Hkzw.kh; fodkl gqvk ¼23-91 izfr”kr½ rFkk vkSlr
dkf;d Hkzw.k izfr ikS/ks ¼27-80½ jgk tcfd ,e0 ,l- 2 Mh 5 ch ¼,e-,l- $ 2-0 fexzk- ,y&1  2 ] 4& Mh $ 0-5 fe-xzk- ,&1  ch-,-½  lsa vizR;{k
df;d Hkzw.k mRre ¼21-32 izfr”kr½ jgkA izos”k lac/kZ  ,e0 ,l0 2 ,u 0 ch  ¼,e-,l- $ 2-0 fexzk- ,y&1 ,u-,-,- $ 1-0 fe-xzk- ,y0&1

ch-,-½ lsa izR;{k ¼ 22-59 izfr”kr  rFkk vizR;{k ¼21-05 izfr izfr”kr½ vaxh; fodkl mRre jgkA  rFkk vizR;{k  ikS/k iquZtuu ¼ 154-41 izfr”kr½
Hkh T;knk jgkA  :ikUrfjr  ,e-,l- iks’k inkFkZ  0-5 fe-xzk-  ,y &1  ,u-,-,- $ 0-5 fe- xzk-  ,y&1 ch-,- $ 0-5 fe- xzk- ,y&1 das- ,y lsa
dkf;d  Hkzw.k  lsa ikS/k fodkl T;knk ¼41-58 izfr”kr½ jgk rFkk vizR;{k :Ik lsa vWxf: fodkl  ¼121-76 izfr”kr½ Hkh vPNk  jgkA tunzO;ksa
esa iztkfr iwlk e/kqjl ik=s rduhd gsrq lcls mRRke xq.kksa okyk ik;k x;k rFkk mlds ckn iztkfr LFkkfu; nqxkZiqj e[kq o vkj-,e- 50 dksa
lHkh ijhf{kr xq.kksa dsa fy, ik;k x;kA

leaves (Moreno et al., 1985; Kathal et al., 1988;; Stipp
et al., 2001), roots (Kathal et al., 1994) and protoplasts
(Li et al., 1990; Debeaujon and Branchard, 1992) have
been used efficiently to produce regenerable cultures
via organogenesis and/or embryogenesis. However,
very limited in vitro work has been documented for
embryo culture. Embryonic axes are quick and
convenient to obtain from the seed and it is possible
to homogenize the physiological state of the tissue in
terms of its age, i.e. days after pollination. However,
embryonic axes have previously been used for
regeneration of plantlets in other cucurbits, i.e.
watermelon (Ahad et al., 1994) and in Teasle gourd
(Hoque et al., 2007).

Although melon genotypes have been regenerated
successfully in vitro throughout the world, results of

Introduction

At present, melon is beeing  targeted for tailoring
transgenic plants with increased sugar content and
fruit shelf-life, resistance to diseases and insects,
tolerance to drought, heat and soil toxicities and
genetic yield potentials. The efficient in vitro
regeneration procedure via somatic embryogenesis is
prerequisite to obtain transgenic plants expressing
desired genes.

In muskmelon, diverse explants, such as, cotyledons
(Oridate and Oosawa, 1986; Branchard and Chateau,
1988; Dirks and van Buggenum,1989; Niedz et al.,
1989; Tabei et al., 1991; Gray et al., 1993; Aldelderg
et al., 1994; Yadav et al., 1996; Guis et al., 1997;
Rhimi et al., 2006), hypocotyls (Kathal et al., 1986),
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this type of research in varieties cultivated in India are
very limited, as the response to in vitro culture depends
upon the genotype (Kathal et al., 1986; Tabei et al.,
1992; Molina and Nuez, 1995; Yadav et al., 1996;
Rhimi et al., 2006). Hence, it is necessary to engender
a precise methodology for the genotype of interest.
Moreover, in vitro morphogenesis influenced by
different plant growth regulators added into culture
media (Oridate and Oosawa, 1986; Branchard and
Chateau, 1988; Tabei et al., 1991; Gray et al., 1993;
Guis et al., 1997). However, a systematic study on
the effects of combinations of plant growth regulators
on morphogenesis is still insufficient, which may
overlook the potential combinations of certain plant
growth regulators that are more suitable. Present study
has been conducted to develop a potential system of
in vitro regeneration from embryonic axes via somatic
embryogenesis and to understand the possible role of
plant growth regulators in morphogenic pathway.

Materials and Methods
Two different fortifications of basal media viz: MS
(Murashige and Skoog, 1962) and B5 (Gamborg’s,
1968) with four cultivars of Cucumis melo RM 50,
Durgapura Madhu, Pusa Madhuras and a ‘Local’
cultivar collected from Mandsaur MP were assessed
to find out better in vitro response. During the
preliminary investigation, MS basal medium proved
more responsive as compared to B5 medium. Hence,
in subsequent experiments MS basal medium was
used. During the preliminary experiment MS basal
media was fortified with three different auxins, namely:
2,4-D, NAA and 2,4,5 T and three varied cytokinins
viz: BAP, kinetin and TDZ in varying concentrations
for embryonic axis culture. During preliminary
experiments, it was observed that an auxin or a
cytokinin alone is not adequate for inducing
morphogenesis in higher frequencies. Furthermore,
auxin 2,4,5-T and cytokinin TDZ responded scantily
during initial experiments. Consequently, for
concluding experiment basal MS medium was
amended with different concentrations of BAP and Kn
in combination with NAA and 2,4-D in varying
concentrations. Apart from MS basal macro and micro
salts, vitamins, all the media were supplemented with
30g.l-1 sucrose, 7.5g.l-1 agar and pH was adjusted to
5.8±0.1.

For obtaining embryonic axes, seeds were washed with
2% Tween 20 (v/v) for 15-20 minutes, washed

thoroughly with running tap water for 30 minutes, a
treatment with 70% (v/v) ethanol for 1 minute,
treatment of 2% Bavistin® for five minutes 0.2% HgCl2
for seven minutes followed by 4 -5 rinse with sterile
double distilled water and were soaked for 24 hours
in sterilized double distilled water. Embryonic axis
explants were obtained from pre-soaked seeds.
Cultures were incubated under complete darkness at
25 ± 2°C for one week. Later in vitro cultured explants
were subjected to 12 photoperiod regime at 60 m mol
m-2 s-1 of white cool fluorescent tubes.

Figure 1. Plant regeneration from embryonic axis in musk-
melon: A. Cultured embryonic axes after 4 -7 days in cul-
ture; B. Cultured embryonic axes after 10-14 days in cul-
ture; C-D. Initiation of somatic embryo; E. Germination of
somatic embryo; F. Regeneration of plantlets from somatic
embryo; G. Initiation of direct organogenesis; H-I. Multiple
plantlet regeneration via direct organogeensis J. indirect or-
ganogenesis; K. Multiple plant regeneration via indirect or-
ganogenesis and L. Elongated shootlets after 35-40 days in
culture.



16 BAIRWA ET AL.

After 4 -5 weeks of initial culturing, somatic embryoids
and calli were transferred to MS regeneration medium
fortif ied with dif ferent concentrations and
combinations of plant growth regulators (BAP, NAA
and Kn alone as well as in combinations), 20g.l-1

sucrose and 7.5g.l-1 agar. However, in case cultures
forming organ directly on explant surface were sub-
cultured on same initial medium for regeneration of
plantlets. Cultures were kept at 25±2oC and 12 hr
photoperiod.

Once root formation was unattained on regeneration
medium, plantlets were subsequently transferred to
MS rooting medium supplemented with different
concentrations of IBA, 15g.l-1 sucrose and 7.5g.l-1 agar.
For regeneration and rooting, reduced level of sucrose
was used on the basis of work conducted by various
scientists as well as preliminary experiments conducted
in this laboratory.

The experiment was laid out in factorial Completely
Randomized Design. Experiment in two replications
cultivars and different culture media combinations as
two factors. Per replication approximately 100-120
embryonic axis were excised and cultured on each

media. The arc-sine transformation was made before
the analysis of data, since all data were in percentage.
In cases, where values exceeded more than 100% Log
transformation was made before analysis.

Results and Discussions

Embryonic axes of four muskmelon genotypes were
cultured on different fortifications of MS medium.
During the present investigation, cultured embryonic
axes followed either direct or indirect pathways of
plantlet regeneration depending upon the nature of
different plant growth regulators added in basal culture
medium. When plantlets regenerated on explant
surface without callus formation referred as direct
somatic embryogenesis or organogenesis and plantlets
originated via callus formation as indirect somatic
embryogenesis or organogenesis. The first response
of all the embryonic axes cultures was similar after 3-
5 days independent from explant and culture media.
All  explants became swollen and no callus
proliferation was evident during first few days. After
7 days of culture, callus formation was usually
observed from embryonic axis (Fig.1 A-B). Embryoid
formation started after approximately 10 days from

Table 1. Direct and indirect somatic embryos induction  from embryonic axes cultured on different fortification of MS media

l  Figures in parenthesis are transformed values (Arc-sine transformation).
l  Values within column followed by different letters are significantly different at 5% probability level.

Direct somatic embryogenesis  
(%) 

Indirect somatic embryogenesis  
(%) 

Average number of somatic embryos per 
explants 

Culture Media  
 
Genotypes Pusa 

Madhuras 
RM-
50 

Durgapura 
Madhu 

Local Mean Pusa 
Madhuras 

RM-
50 

Durgapura 
Madhu 

Local Mean Pusa 
Madhuras 

RM-
50 

Durgapura 
Madhu 

Local Mean 

MS.5D.5B 18.32 9.68 13.75 16.27 14.51d 16.21 7.64 8.45 12.36 11.17g 16.79 9.98 11.56 14.39 13.18f 
MSD.5B 28.45 18.39 21.87 26.91 23.91a 22.87 15.95 17.78 19.91 19.13b 31.94 23.37 26.41 29.49 27.80a 
MS2D.5B 25.89 16.57 18.98 21.06 20.63b 25.91 15.74 20.25 23.36 21.32a 28.12 21.46 22.34 24.67 24.15b 
MS3D.5B 8.95 3.81 6.13 8.12 6.75i 6.13 2.54 3.26 5.21 4.29j 20.17 11.54 15.83 18.31 16.46e 
MS5D.5B 7.02 2.14 3.25 5.75 4.54j 4.18 1.67 2.01 2.55 2.60k 6.45 2.34 3.62 5.13 4.39k 
MSDB 14.73 6.67 10.41 11.39 10.80g 12.35 4.11 6.86 10.16 8.37i 14.32 5.91 8.36 11.64 10.06g 
MS2DB 20.11 12.84 14.57 18.2 16.43c 17.23 9.24 12.75 15.39 13.65e 23.51 18.22 20.57 21.08 20.85c 
MS.5N.5B 11.22 4.92 6.07 8.67 7.72h 12.88 8.36 9.32 11.04 10.40h 11.28 5.36 7.85 9.92 8.60h 
MSN.5B 13.69 8.14 9.58 11.83 10.81g 18.32 12.97 15.07 16.25 15.65d 24.62 15.77 18.14 22.32 20.21c 
MS2N.5B 10.91 6.28 7.15 8.56 8.23h 14.11 10.23 9.78 12.62 11.69fg 22.75 11.48 16.65 20.49 17.84d 
MS3N.5B 3.47 1.65 2.39 3.18 2.67k 3.24 1.85 2.46 3.37 2.73k 16.37 3.21 6.98 13.53 10.02g 
MS5N.5B 2.95 1.25 1.99 2.61 2.20k 2.95 1.25 2.04 2.32 2.14k 2.68 1.45 2.66 3.29 2.52l 
MSNB 14.75 8.46 11.63 14.03 12.22f 18.25 11.46 13.69 17.78 15.30d 6.83 1.67 3.23 4.75 4.12k 
MS2NB 16.84 10.38 13.45 15.86 14.13e 20.39 12.65 15.89 18.11 16.76c 12.21 4.12 6.18 7.33 7.46i 
MS.5D.5Kn 10.86 5.75 7.56 9.77 8.49h 6.83 3.12 4.13 4.45 4.63j 8.39 3.06 4.54 6.43 5.61j 
MSD.5Kn 16.28 11.17 12.46 14.39 13.58e 14.36 10.56 11.61 12.89 12.36f 10.64 3.34 7.72 8.43 7.53i 
MS2D.5Kn 14.49 9.64 11.71 12.37 12.05f 12.75 7.44 9.27 10.67 10.03h 12.75 4.65 8.39 9.91 8.93h 
MS3D.5Kn 5.76 2.34 4.63 5.03 4.44j 3.54 1.25 1.98 2.85 2.41k 4.58 1.87 2.25 3.86 3.14l 
MS5D.5Kn 4.25 1.98 2.14 3.39 2.94k 3.12 1.34 2.03 2.38 2.22k 3.15 1.35 2.04 2.98 2.38l 
MSDKn 8.79 4.26 6.51 7.05 6.65i 5.26 2.59 4.35 4.91 4.28j 3.62 1.36 2.51 3.24 2.68l 
Mean 12.89a 7.32d 9.31c 11.22b  12.04a 7.10d 8.65c 10.43b  14.06a 6.31d 9.89c 12.06b  
CD 0.05                
Genotypes     0.39     0.31     0.41 
Media     0.87     0.70     0.91 
G x M     1.74     1.39     1.82 
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Table 2. Effect of different plant growth regulators on plantlet
regeneration from cultured embryonic axes via direct and
indirect somatic embryogenesis.

l  Figures in parenthesis are transformed values (Arc-sine trans-
formation).
l  Values within column followed by different letters are
significantly different at 5% probability level.

Plant regeneration (%) Culture Media 
 
Genotype  

Pusa 
Madhuras 

RM-
50 

Durgapur 
Madhu 

Local Mean 

MS.1B 25.2 14.28 13.64 20.81 18.48i 
MS.2B 26.02 17.41 17.94 22.06 20.86g 
MS.5B 38.24 23.23 28.32 34.49 31.07c 
MSB 38.52 25.41 30.31 32.43 31.67c 
MS2B 30.01 22.12 25.43 29.56 27.53d 
MS.1N 17.61 14.50 15.43 15.86 15.85k 
MS.2N 18.49 11.87 13.23 15.26 14.71l 
MS.5N 23.45 16.25 18.63 21.39 19.93h 
MSN 21.22 15.42 16.72 18.65 18.00i 
MS2N 19.89 13.26 15.44 17.98 16.64j 
MS.1Kn 10.03 7.09 7.54 9.13 8.45n 
MS.2Kn 13.34 4.71 7.01 9.40 8.62n 
MS.5Kn 16.90 13.45 15.32 16.12 15.45kl 
MSKn 16.08 7.25 10.39 14.33 12.01n 
MS2Kn 15.25 7.89 12.23 13.25 16.16jk 
MS.2B.5N 10.01 6.32 7.15 7.89 7.84n 
MS.5B.5N 43.65 27.12 36.6 40.32 36.92b 
MSB.5N 45.14 29.03 33.67 39.46 36.83b 
MS2B.5N 35.53 18.32 23.46 29.45 26.69d 
MS.5BN 28.08 12.06 18.27 22.58 20.25gh 
MS.5B2N 9.96 6.14 7.36 7.69 7.79n 
MS.5N.5Kn 28.24 18.26 21.34 24.04 22.97f 
MSNKn 31.64 22.67 26.06 25.09 26.37e 
MS.5N.5B.5Kn 49.59 32.04 38.56 46.13 41.58a 
Mean 25.63a 16.09d 19.17c 22.22b  
CD 0.05      
Genotypes     0.34 
Media     0.84 
G x M     1.67 

 

initial culturing however, in indirect embryogenesis it
started approximately after 15 days (Fig.1C). The
embryoid like structures were rounded with irregular
outlines usually appeared in clusters (Fig.1D). Such
somatic embryos germinated after transfer into
regeneration medium (Fig.1 E-F). In direct
organogenesis, adventitious structures developed on
explant surface (Fig.1G-I) . Gradually, these
adventitious structures developed into multiple shoots
(Fig.1H-I). In indirect organogenesis, shootlets
developed from the meristems arising on the surface
of the callus (Fig.1 J-K). Similar response was addressed
by Kathal et al. (1986) for hypocotyl culture of melon.

Shoot formation started approximately 15 days from
initial culturing and duration varied from culture to

culture and in a few cases shoots initiated after 35
days. Most of the calli, after prolonged culturing on
the induction media initiated plantlets. However,
transfer into regeneration medium allowed higher plant
formation and growth rate (Fig.1L). Various shoot
forming calli were able to produce one or many
plantlets at a time. Complete plantlets regenerated via
embryogenesis and shoots developed via
organogenesis were also counted as regenerated
plantlets since they gave rise to complete plantlets after
rhizogenesis on rooting medium.

The analysis of variance (Table 1-5) revealed highly
significant (p<0.01) differences between the response
of genotypes, nutrient media as well as their
interactions in terms of overall direct and indirect
somatic embryogenesis, average somatic embryo
formation, direct and indirect organogenesis and
plantlet regeneration. It indicates the presence of the
considerable amount of variability amongst the
genotypes and culture media combinations as well as
their interactions.

Effects of different culture media combinations on
somatic embryogenesis are presented in Table 1.
Results revealed that auxin 2,4-D induced callus in
higher frequencies at concentration ranging from 1.0-
2.0mg.l-1. The size of callus enlarged with an increased
level of 2,4-D up to 3.0mg.l -1. Beyond this
concentration the calli were turned into dark black
colour and cell mortality was observed from cultured
tissues. Direct somatic embryogenesis as well as
average number of somatic embryo per explant in
higher proportion were achieved on culture medium
containing relatively higher proportion of 2,4-D
(1.0mg.l-1) in combination with a lower BA (0.5mg.l-

1), while higher indirect somatic embryogenesis was
observed with even higher 2,4-D (2.0mg.l -1) in
combination with lower BA (0.5mg.l-1). This revealed
that a combination of higher proportion of 2,4-D with
BA is necessarily required for induction of somatic
embryogenesis. Moreover, for indirect somatic
embryogenesis, two-fold 2,4-D required as compared
to direct somatic embryogenesis. The results are in
accordance with the findings of Branchard and
Chateau (1988), Guis et al. (1997), Stipp et al. (2001)
and Rhimi et al. (2006).

Effects of different culture media combinations on
organogenesis are presented in Table 2. Presence of
NAA and BA in culture medium supported the
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formation of organs directly as well as indirectly.
However, media with higher levels of auxins
(~5mg.l-1) performed lowly for direct and indirect
organogenesis. Maximum plantlet realization from
direct organogenesis in the range of 114-154% was
achieved on culture medium with 1.0mg.l-1 NAA and
0.5-1.0mg.l-1 BAP. However, an increase in auxin
concentration of 5.0mg.l-1 drastically reduced the
plantlet regeneration to as low as 6%. Cytokinins are
known to promote bud formation in several plant
species including melon (Ezura et al., 1992; Deng et
al., 1996; Verma et al., 2005). However, the
requirement for exogenous auxin and cytokinin in the
process varies with the tissue system, apparently
depending on the endogenous levels of the hormones
present in the tissue (Norstrog, 1970). Moreover, the
formations of adventitious organs depend on the
reactivation of genes concerned with the organogenic
phase of development.

When cultures did not form plantlet on induction
medium they were transferred to regeneration medium
and medium MS.5N.5B.5Kn proved to be the most
responsive for the regeneration of plantlets (121.76%)

out of 24 regeneration media tested. Maximum
plantlets regeneration on media supplemented with
two cytokinins and one auxin, i.e. 0.5 mg.l-1 each of
BAP, kinetin and NAA as compared to other media
with a growth regulator in isolation suggests that
plantlet formation is determined by quantitative
interaction, i.e. ratios rather than absolute
concentration of substances participating in growth
and development.

Considerable variability was observed among four
genotypic for in vitro response (Table 1-5). Genotype
Pusa Madhuras was found to be consistently superior
as compared to other three genotypes for all in vitro
attributes investigated. Genotypic differences for in
vitro response have also been reported in several other
investigations on muskmelon for various explant
cultures (Kathal et al., 1986; Tabei et al., 1991; Molina
and Nuez, 1995; Yadav et al., 1996; Rhimi et al.,
2006).

During the present investigation, interactions of
genotype with culture medium also varied
considerably. Significant interactions of all cultivars

Table 3. Number of direct and indirect  organs forming embryonic axes cultured on different fortification of MS media

l  Figures in parenthesis are transformed values (Arc-sine transformation).
l  Values within column followed by different letters are significantly different at 5% probability level.

Direct organogenesis Indirect organogenesis Culture Media  
Genotypes  Pusa 

Madhuras 
RM-50 Durgapura 

Madhu 
Local Mean Pusa 

Madhuras 
RM-50 Durgapura 

Madhu 
Local Mean 

MS.5D.5B 12.67 7.11 10.12 11.27 10.29h 17.94 13.67 15.75 7.26 13.66de 
MSD.5B 21.58 14.26 16.13 17.68 17.41e 22.75 14.23 18.35 20.44 18.94c 
MS2D.5B 18.39 12.37 15.08 16.95 15.70f 22.07 13.93 17.14 19.74 18.22c 
MS3D.5B 4.48 2.16 3.24 3.57 3.36lm 6.15 2.06 3.24 4.56 4.00j 
MS5D.5B 3.25 1.73 2.18 2.73 2.47n 3.98 1.54 2.86 3.35 2.93kl 
MSDB 8.52 5.34 6.15 7.65 6.92ij 14.45 8.67 9.89 11.01 11.01fg 
MS2DB 9.83 3.45 5.53 7.26 6.52j 15.79 10.23 12.37 14.49 13.22e 
MS.5N.5B 17.66 11.01 13.76 15.65 14.52g 14.37 8.13 10.75 11.56 11.20f 
MSN.5B 23.56 18.34 19.28 21.39 20.64d 17.25 13.17 15.05 6.76 13.06e 
MS2N.5B 25.45 19.06 19.87 23.78 22.04c 15.99 10.78 12.85 14.97 13.65e 
MS3N.5B 6.23 3.01 3.84 5.14 4.56k 4.68 1.95 2.84 3.28 3.19jk 
MS5N.5B 4.17 1.85 2.76 3.06 2.96m 2.97 1.21 1.85 2.16 2.05l 
MSNB 26.94 21.93 23.61 24.77 24.31b 23.12 16.45 19.67 20.89 20.03b 
MS2NB 28.75 23.49 26.43 27.68 26.59a 24.42 17.45 20.47 21.84 21.05a 
MS.5D.5Kn 8.64 4.32 4.57 7.39 6.23j 11.34 7.76 8.71 10.67 9.62h 
MSD.5Kn 13.28 7.14 8.36 10.45 9.81h 18.69 10.79 11.88 16.35 14.43d 
MS2D.5Kn 9.11 5.66 5.79 8.23 7.20i 13.87 7.13 8.36 11.26 10.16gh 
MS3D.5Kn 3.85 1.78 2.05 2.97 2.66mn 4.36 1.45 2.64 3.95 3.10k 
MS5D.5Kn 2.98 1.57 1.98 2.14 2.17n 3.11 1.27 1.53 2.86 2.19l 
MSDKn 5.46 2.35 2.82 4.69 3.83l 6.45 4.78 4.67 5.39 5.32i 
Mean 12.74a 8.40d 9.68c 11.22b  13.19a 8.33d 10.04c 10.64b  
CD 0.05           
Genotypes     0.32     0.42 
Media     0.72     0.94 
G x M     1.43     1.88 
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Table 4. Effect of plant growth regulators on regeneration via
direct organogenesis from cultured embryonic axes.

l  Figures in parenthesis are transformed values (Log transfor-
mation).
l  Values within column followed by different letters are
significantly different at 5% probability level.

Plant regeneration (%) Culture Media 
 
Genotypes 

Pusa 
Madhuras 

RM-50 Durgapur
a Madhu 

Local Mean 

MS.5D.5B 105.38 89.79 93.28 100.99 97.36h 
MSD.5B 123.48 103.85 110.57 118.32 114.06d 
MS2D.5B 117.11 99.23 101.65 109.21 106.80f 
MS3D.5B 14.13 7.49 10.47 12.75 11.21p 
MS5D.5B 8.17 4.67 6.42 7.32 6.65s 
MSDB 77.22 53.96 60.15 68.78 65.03l 
MS2DB 89.45 65.39 72.47 79.05 76.59k 
MS.5N.5B 111.39 92.78 97.54 106.04 101.94g 
MSN.5B 128.49 110.15 115.37 121.69 118.93c 
MS2N.5B 120.44 99.17 105.55 114.32 109.87e 
MS3N.5B 23.13 8.17 12.25 21.49 16.26n 
MS5N.5B 8.09 3.99 6.47 7.32 6.47t 
MSNB 144.46 118.25 121.37 135.15 129.81b 
MS2NB 173.01 132.56 149.39 162.67 154.41a 
MS.5D.5Kn 59.79 42.63 48.38 53.75 51.13m 
MSD.5Kn 94.63 80.18 85.39 89.25 87.36i 
MS2D.5Kn 84.45 70.65 75.23 80.92 77.81j 
MS3D.5Kn 12.91 3.99 6.79 8.98 8.17q 
MS5D.5Kn 10.69 3.89 6.85 7.61 7.26r 
MSDKn 23.17 9.45 12.54 19.49 16.16o 
Mean 76.48a 60.01d 64.90c 71.26b  
CD 0.05      
Genotypes     0.03 
Media     0.07 
G x M     0.14 
 

Table 5. Effect of plant growth regulators on regeneration of
plantlets via indirect organogenesis from cultured embryonic
axes.

l  Figures in parenthesis are transformed values (Log
transformation).

l  Values within column followed by different letters are
significantly different at 5% probability level.

Plant regeneration (%) Culture 
Media 
Genotypes 

Pusa 
Madhuras 

RM-50 Durgapur
a Madhu 

Local Mean 

MS.1B 78.73 67.45 71.98 75.32 73.37l 
MS.2B 82.91 70.13 74.32 79.69 76.76j 
MS.5B 105.65 89.98 97.41 101.45 98.62e 
MSB 108.43 94.11 98.95 104.83 101.58d 
MS2B 95.43 76.39 84.43 90.61 86.72g 
MS.1N 64.02 51.62 55.76 59.48 57.72q 
MS.2N 66.87 53.43 56.24 61.12 59.42p 
MS.5N 78.25 61.01 62.85 76.48 69.65m 
MSN 73.98 54.45 61.74 71.21 65.35n 
MS2N 68.73 61.62 60.49 65.16 64.00o 
MS.1Kn 41.31 32.76 34.62 38.74 36.86v 
MS.2Kn 45.19 34.98 38.38 40.79 39.84u 
MS.5Kn 53.56 43.67 46.54 49.41 48.30r 
MSKn 52.63 41.82 40.06 43.54 44.5s 
MS2Kn 49.06 37.48 38.12 41.68 41.59t 
MS.2B.5N 38.82 27.61 31.68 33.25 32.84w 
MS.5B.5N 112.23 96.43 101.22 105.96 103.96c 
MSB.5N 118.75 103.18 108.32 114.67 111.23b 
MS2B.5N 101.66 86.42 93.16 97.42 94.67f 
MS.5BN 86.41 74.42 81.45 83.26 81.39h 
MS.5B2N 34.58 25.37 28.24 31.85 30.01x 
MS.5N.5Kn 89.12 65.45 71.96 75.85 75.60k 
MSNKn 93.41 68.73 72.81 78.34 78.32i 
MS5N.5B.Kn 128.69 115.46 118.87 124.02 121.76a 
Mean 77.85a 63.92d 67.90c 72.67b  
CD 0.05      
Genotypes     0.03 
Media     0.06 
G x M     NS 
 

with medium reveals that in addition to varying
response of genotype for culture medium, specific
genotype does not necessarily respond in the similar
manner to each of culture media tested.

During present study, usually explants exhibiting
higher morphogenic calli formation also regenerated
more plantlets. However, the process of
morphogenesis was not a predication of higher
regeneration frequencies. For embryonic axis culture,
single cultivars, culture medium or their interaction
exhibiting higher morphogenic callus formation may
regenerate lesser plants as compared with lower
morphogenic calli. Such deviations occurred because
single morphogenic calli produced none or many
plantlets (up to 173 for cultivar Pusa Madhuras cultured
on medium MS2NB (Fig.1 H) via direct organogenesis.
In addition, not all the shootlets were established as
complete plants. Some times shoot growth retarded
after initiation and not all the shoots were able to
produce roots even on rooting medium.

In conclusion, it was revealed that under appropriate
conditions embryonic axes cultures of melon as in
number of other vegetable crops gave rise to higher
number of shoots via organogenesis as well as somatic
embryogenesis, which could be useful in rapid
propagation of elite melon cultivars. In addition, the
embryogenic frequency and the conversion rate of
embryos into plantlets will be more comprehensible
for gene transfer studies using Agrobacterium-mediated
or particle bombardment methods in melon.
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