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A protocol was standardized to regenerate three cultivars namely: Thompson seedless, Karnet
and Local of Vitis vinifera (L.) through indirect and direct in vitro organogenesis from nodal
segment explants excised from in vitro grown regenerants as well as one-year-old plants.
During present study, induction medium MS2D (MS + 2.0 mg.I" 2, 4 -D + 30.0 g.I"' sucrose +
7.5 glI' agar) induced callusing in higher frequencies (84.22%). Culture medium MS3B
(MS+3.0 mg.I"' BA + 30.0 g.I" sucrose + 7.5 g.I" agar) was found to be more responsive for
proliferation of shoots in higher frequencies (80.67%). Shoot (s) per explant in higher numbers
(14.08) was attained with culture medium MS.2Td (MS+ 0.2 mg.1I"' TDZ + 30.0 g.I"" sucrose +
7.5 gI" agar), while nutrient medium MS.2Td.5N (MS+ 02 mg. I'' TDZ + 0.5 mgI'NAA +
30.0 g.I"" sucrose + 7.5 g.I" agar) produced shoot of higher length (8.78cm). Higher in vitro
rooting response i.e. root proliferation ability (89.94%), number (s) of roots (5.78) and root
length (7.75 cm ) was exhibited by MS rooting medium fortified with 1.0 mg.I"' IBA, 10.0 g.I"
sucrose and 7.5 gl agar. Genotype Thompson Seedless responded better than Karnet and
Local for the most of the attributes investigated. The in vitro raised plantlets were acclimatized
and established successfully in the field.
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Introduction

Grape (Vitis vinifera L.) is one of the most important crops worldwide.
Genetic improvement of grapevine is exacerbated by polyploidy, high level of
heterozygosity and inbreeding depression; it is also a time-consuming process
due to 2-3 years generation cycle (Gray and Meredith, 1992; Jayasankar et al.,
1999). Plant biotechnology could be an attractive means for improving grape
(Kuksova et al., 1997); however, this requires, as a first step, an efficient and
reproducible regeneration system from somatic tissues of mature plants that
permits both transformation and regeneration into plantlets. /n vitro techniques
could be used for vine breeding to overcome the difficulties in conventional
breeding studies and obtaining new cultivars (Maitz et al., 2000).

In grape, plant regeneration can be achieved from several explant types by
both shoot organogenesis and somatic embryogenesis. In Vitis vinfera, somatic
embryogenesis and regeneration of complete plants was first described by
Mullins and Srinivasan (1976), subsequently, regeneration of Vitis vinfera via
somatic embryogenesis and/or organogenesis has been reported from applying
diverse explants such as nodal segment (Lee and Wetzstein, 1990; Heloir et
al.,1997; Mhatre et al., 2000; Sajid et al., 2006; Muhammad et al., 2008;
Alizadeh et al., 2010), leaf discs (James et al., 1990; Robacker, 1993; Das et
al., 2002; Muhammad et al., 2008; Sadanand et al., 2009), anthers (Lopez-
Perez et al., 2005; Cutanda et al., 2008), immature ovaries (Nakano et al.,
1997), style and stigma (Morgana et al., 2004; Carimi et al., 2005), pistals and
stamens (Cutanda et al., 2008), as well as immature zygotic embryos (Stamp
and Meredith, 1988; Tangolar et al., 2008) with varying degree of success.

In vitro morphogenesis, however, appears to be dependent on the
interaction between genotype, explant source and culture medium, and thus, it
is necessary to develop specific regeneration protocols for each Vitis cultivar
(Lpez-Perez et al., 2005). In this paper, we describe the use of nodal segments
as valuable explants excised from mature somatic tissue and available
throughout the year for the induction of morphogenesis in higher frequencies by
searching appropriate culture medium combinations (especially appropriate
concentration and combinations of plant growth regulators) ensuing an effectual
protocol for regeneration of three cultivars of grape already under cultivation in
Madhya Pradesh and adjoining areas of India.

Materials and methods

Experiments were conducted at the Horticultural Biotechnology
Laboratory, KNK College of Horticulture, Mandsaur, Jawaharlal Nehru
Agricultural University, Jabalpur (M. P.) with three grape cultivars namely:

722



Journal of Agricultural Technology 2011, Vol.7(3): 721-737

Thompson seedless, Karnet and Local for nodal segment cultures. Experimental
materials were obtained from in vitro grown regenerants as well as one-year-
old plants propagated in orchard. For in vitro grown regenerants, no surface
sterilization method was adopted; while for sticks collected from orchard an
intensive surface sterilization protocol was standardized prior to culture nodal
segments. For this purpose, the indeterminate shoots from top or mid portion of
canopy were collected from one-year-old plant in distilled water. Top 1-10
nodal segments were rejected being very soft whereas the nodal segments from
10-20 "™ nodes were trimmed to 1-2 cm length and determinate shoots attached
with nodes were removed. These nodal segments were kept under running tap
water for 30 minutes to remove adhering dirt particles. Then nodal segments
were placed into double distilled water containing 2% Tween 20 (v/v) for 10
minutes. The cleaned segments were then treated with 70% (v/v) ethanol for 1
minute followed by a treatment with diverse concentrations of Bavistin®
(BASF, Germany) for varying durations. Segments subsequently dipped into an
aqueous solutions of two different surface sterilizing agents i.e. Ca (OCl), and
HgCl, in varying concentrations and combinations for diverse durations with
initial vacuum of 100 psi. Finally the nodal segments were washed 4-5 times
with sterile double distilled water.

To start with a preliminary experiment, two different fortifications of
basal media vizz MS (Murashige and Skoog, 1962) and WP (Llyod and
McCown, 1980) were venerated to search out better in vitro response. The basal
MS and WP media supplemented with different concentrations of plant growth
regulators in various concentrations (Tables 1-4). All the initial culture media
were amended with 30.0 g "' sucrose and 7.5 g. I'' agar. Warm culture media,
still in liquid state was poured into baby food bottles (50-60 ml / bottle) and
culture tubes (15-20 ml/tube) followed by autoclaving at 121°C under 15 psi
pressure for 20 minutes after adjusting the pH to 5.6 £ 0.1 with 1 N KOH.
Readymade MS basal medium, plant growth regulators and other ingredients
were procured from Hi-media Laboratories, Mumbai, India.

In baby food bottles, 1-2 pieces of nodal segments were cultured and
sealed with Lab film (Parafilm®) and were incubated under complete darkness
at 25 + 2°C for one week. Later in vitro cultured nodal segments were
incubated for 16 hours photoperiod regime with 1200 lux light intensity
provided by PAR (Photosynthetically Active Radiation) lamps at 25 + 2 ° C
temperatures and 70% relative humidity.

After 4-5 weeks of initial culturing, nodal segments followed either direct
plant regeneration (auxiliary bud proliferation) or indirect organogenesis (via
callus formation). Shootlets obtained from direct proliferation were transferred
to MS elongation medium supplemented with 1.0 mg.I" GA; 15.0 g.1" sucrose
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and 7.5 g.I' agar. However, calli obtained from indirect organogenesis were
subcultured again on the initial medium after four weeks of culture. Cultures
were subjected to 25+2°C temperature and photoperiod regimes of 60 p mol.m"
*s™" luminance provided by cool fluorescent tubes for 16 hr. At times root
formation was not attained on regeneration medium, plantlets were
subsequently transferred to MS rooting medium fortified with varying strength
of IBA, NAA, BA and Kn (alone as well as in combinations), 10 g.l'1 sucrose
and 7.5 g.I" agar. Plants uprooted from cultures and thoroughly washed with
running tap water to remove the adhering agar were planted in 2.5 cm root
trainers filled with 1:1:1 sand, soil and FYM sterilized mixture. Root trainers
with transplanted plants were placed under 30+2°C and 70 + 5% RH for 20-30
days in Environmental Growth Cabinet for acclimatization. Acclimatized plants
then were transferred to Net House for 30 days for hardening before
transplanting to the field.

Factorial Completely Randomized Design (CRD-factorial) was used to
find out the significance of genotype, culture media combinations and their
interactive effect. Each treatment was consisted of two replications. Per
replication approximately 100-120 nodal segments of each genotype were
randomized and cultured on each media. Since all the data were recorded in
percentage the arc-sine transformation was made before analysis. The data were
analyzed as per method suggested by Snedecor and Cochran (1967).

Results

There were highly significant (p<0.01) differences among the response of
different surface sterilizing and antifungal agents. The highest percentage of
survived nodal segment (72.30%) with aseptic culture (79.05%) was achieved
with 1% Bavistin in combination with 0.1% HgCl, for 10 minutes (data not
presented). Therefore, this surface sterilization combination was used
throughout the experiment.

During present investigation, three different sets of plant growth
regulators were added to fortify MS basal media for culturing nodal segment.
Depending upon the nature of different culture media combinations, cultured
nodal segments followed either direct or indirect pathway of plant regeneration.
In direct approach, plantlets were regenerated on explant surface directly
without callus formation (via auxiliary bud proliferation); and in indirect mode
plantlets were originated via callus formation (indirect organogenesis). In direct
mode of regeneration, shootlets were developed directly from the meristematic
zones of cultured nodal segments (Fig. 1A-D). Shoot formation from cultured
nodal segments started approximately 7-15 days from initial culturing and
proliferated 1-15 shoots (Fig. 1 A-D).
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Plantlet also regenerated via organogenesis from the callus surface (Fig.
1E-H).The first response of cultured explants was similar after 4 -7 days and
mostly independent from explant and culture media. All explants became
swollen and no callus proliferation was evident during first few days. Callus
proliferation usually started from the portion in contact with the medium and
spread upward after 2 weeks of culture (Fig. 1E). Initiated callus tissue
developed distinct phenotypes. These pheno-variants were rough, hard, dense
and glossy reflecting different developmental potentials. Plantlet regeneration
occurred routinely (Fig. 1 F-H) after sub culturing of these organogenic calli.
Shootlets obtained from direct as well as indirect modes subsequently
transferred on MS elongation medium containing 1.0 mg.1"GAs, where length
of shoots increased subsequently (Fig. 1 I-J). Initiation of root started after 10-
15 days of transferring of shootlets in rooting medium (Fig. 1 K). Regenerated
plantlets (Fig. 1 L) were subjected to phenotypic evaluation. Although the traits
were not scored quantitatively, regenerated plants appeared phenotypically
normal and true to the type.

Fig. 1. Plant regeneration from nodal segments of Vitis vinifera: A. Initiation of single shoot
after 7-10 days in culture; B. initiation of multiple shoots after 10-15 days in culture; C.
Formation of multiple shoots after 15-20 days in culture; D. Formation of multiple shoots after
25-30 days in culture; E. Proliferation of callus after 10-15 days in culture; F-H. Indirect
organogenesis in vitro; 1. Elongated shoot after 30-35 days in culture; J. Elongated shoot after
35-40 days in culture; K. In vitro rooting of regenerant; L. Hardening of regenerant in Net

House.

Nodal segments of three cultivars of grape were cultured on different
fortifications of MS medium. Three auxins (NAA, 2, 4-D and 2, 4, 5-T) and
three cytokinins (BAP, Kinetin and TDZ) were used as sole (Table 1 and 2) as
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well as in a number of combinations and concentrations (Table 3) for culture
establishment. The analysis of variance (Table 1-4) revealed highly significant
(P<0.01) differences among the response of different genotypes and culture
media combinations for overall callus induction, shoot proliferating efficiency,
number of shoot(s) per responding explant, mean shoot length, root
proliferating efficiency, number of root(s) and mean root length. It indicates the
presence of considerable amount of variability amongst the different genotypes
and culture media combinations. However, non-significant differences were
observed for interaction of genotypes with culture media for the most of the
attributes investigated.

Effects of different auxins in varying concentrations on in vitro are
presented in Table 1. Higher callus initiation with culture media fortified with
2,4-D MS2D (84.22%) and MSD (80.56%) and low callus initiation on media
devoid of 2,4-D such as MS5T (40.01%) and MS5N (44.40%) reveal that 1.0 -
2.0 mg.I" 2,4-D induces callus in higher frequencies (> 80%). The size of callus
also enlarged with the increased level of 2,4-D however, levels above 2.0 mg. I
' reduced the response. At the concentration of 4.0 mg.l"' most of the calli
turned black with apparent cell mortality. Culture medium altered with 2, 4, 5-T
produced calli in lower to moderate frequencies depending upon the
concentrations. On the other hand, NAA in the range of 1.0-2.0 mg.1" proved to
be remarkably superior for shoot proliferating efficiency, since culture media
MSN (54.48%) and MS2N (51.83%) performed higher for this attribute.
However, beyond this concentration, ratio of non-morphogenic calli increased
subsequently. Auxins 2,4-D MS5D (31.18%) and 2,4,5-T MS.1T (30.93%)
responded poortly for this attribute.

In vitro response of different cytokinins is presented in the Table 2.
Varying concentrations of BAP, Kinetin and TDZ supplemented in the medium
exhibited very poor callus induction. Maximum callus induction frequency
(~35-45%) was recorded with induction media fortified with lower
concentration of cytokinins (in range of 0.1-1.0 mg.1™"). For shoot proliferating
ability, proliferation media MS3B (80.67%) and MS.2Td (78.41%) followed by
two statistically similar performing nutrient media MS4B (77.72%) and M.1Td
(76.51%) proved remarkably superior as compared to other media
combinations. Culture media MS.2Td (14.08) and MS.1Td (11.39) followed by
MS.3Td (10.31) proved significantly superior for producing shootlets in higher
numbers. Shoot with higher length were attained on culture media MS.3Td
(4.41), MS.2Td (4.29) and MSB (4.27cm) numerically, however, statistically
non-significant differences was observed for this attribute.

Combined effects of different added auxins and cytokinins in varying
concentrations on various culture phases are presented in Table 3. Maximum
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callus induction was documented by induction media MS3N.5B (78.87%)
followed by two statistically similar responding media viz: MS4N.5B (74.82%)
and MS2N.5B (74.46%). Inoculation media MS2B.5N (76.42%) and MS3B.5N
(75.26%) followed by MS.2Td.5N (74.19%) proved remarkably superior for
shoot proliferating efficiency. Culture media MS.2Td.5N (10.13), MS.1Td.5N
(9.56), MS.5Td.5N (8.97) and MS3B.5N (7.74) with at par performance proved
significantly superior for producing shootlets in higher numbers, whereas, shoot
of higher length were recovered from culture media MS.2Td.5N (8.78 cm) and
MS2NB (7.19 cm).

In terms of genotypic response, genotype Thompson Seedless was proved
remarkably superior to others for the most of cultures phases. Maximum callus
induction frequency was exhibited by cultivar Thompson Seedless (65.28%)
followed by Karnet (64.32%) and Local (62.96%). Shoots in higher numbers
also achieved in cultivar Thompson Seedless (7.29) with the medium fortified
with combination of an auxin and a cytokinin, however, higher shoot
proliferating ability was shown by cultivar Thompson Seedless (68.52%)
followed by Kamet (67.20%) and Local (64.13%) on medium amended with
cytokinin as alone. Cultivar Karnet (4.69 cm) followed by Local (4.56 cm) and
Thompson Seedless (4.50) produced shoots of higher length numerically.

Shootlets of grape were transferred into twenty-one different fortifications
of basal MS media for induction of in vitro rooting (Table 4). Maximum in
vitro root proliferating ability was demonstrated by rooting media MSI
(89.94%), MS21I (89.65%) and MS L5Kn (88.57%) with statistically at par
performance. For higher number (s) of root initiation per explant, culture
medium MSI (5.78) was found to be numerically superior. The roots of higher
length were developed by two similar responding nutrient media i.e.: MSI (7.75
cm) and MS2I (7.20cm).

Discussion

The purpose of the present investigation was to develop reliable protocol
for plant regeneration in higher frequencies from nodal segments derived
cultures in order to use them for mass in vitro propagation and genetic
transformation experiments. It is well known fact that in vitro regeneration of
an explant is influenced by several internal and external factors such as nature
and hormonal composition of culture medium, species, genotype, explants and
various other culture conditions.
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< Table 1. Effect of different auxins (alone) in varying concentrations on iz vitro response of cultured nodal segments.

[\
oo
Culture  Auxins Cone. In vitro response
media mg.1? Callus proliferating nodal segments Shoot proliferating nodal segments Number of shoot (s) per responding
¥ (%e) (%) nodal segments Mean shoot length (in cm)
Genotypes Thompson Karnet Local DMean Thompson Karnet Local Mean Thompson Karnet Local DMean Thompson Karnet Local Mean
> Seedless Seedless Seedless Seedless
MEIN NAA 0.1 35.08 5231 53.74 3850 36.09  38.22f 1.20 1.18 1.20% ER- 380 378 3.80F
MESN 0.3 65.61 64.80 64.20 45.09 4408 46.44¢ 1.38 1.30 1.38% 4.63 3.61 359 394
MEN 1.0 70.22 70.08 69.00 3440 3380 5448 1.82 1.74 1.820 3.65 4.59 462 492
MSE2N 2.0 71.58 70.38 70.05 51.08 30.02  5L.83 212 1.08 2.12= 7.32 6.28 6.25  6.62¢
MS3N 30 75.22 7411 74.88 48.60 4002 49.62¢ 20 1.82 1072 6.84 374 582 613
MS4N 4.0 3011 48.20 49.15 4472 4513 1.82 1.66 4.60 4.61 458 4.62t
MEIN 30 45.30 44.25 43.65 4020 43.58 1.78 1.69 348 2.50 240 <
ME.1D 24D 0.1 7028 68.60 70.12 3001 3974 1.60 148 2.72 2.69 2.66
MS.5D 0.3 75.61 7432 72.60 4590 46.64¢ 1.75 1.62 2.78 2.80
MSD 1.0 80.60 g1.02 80.08 4082 50.32bc 1.72 1.69 338 336
MS2D 2.0 8532 8415 83.21 4501 45.40d 1.72 1.61 2.76 278
MS3D 3.0 68.12 70.02 4201 43.38 1.65 1.35 2.30 228
M54D 4.0 60.08 58.82 4021 39.79f 1.33 1.22 1.92 1.90
MSID 30 32.08 0o.82 48.22 3130 3118 1.20 1.09 1.26 1.23
MEAT 245T 01 34.60 5230 3044 30.60  30.93: 1.65 1.38 2.56 240
MEST 0.3 65.80 64.25 64.00 3801 7 1.76 1.52 340 346
MST 1.0 70,15 66.26 65.39 47.00  47.90d 1.89 1.73 3.59 3.62
MS2T 2.0 74.40 71.08 70.00 4408 44.66° 1.86 1.70 248 240
MS3T 3.0 70.60 70.32 635.82  68.91f 4302 43.71% 1.78 162 241 238
MS4T 4.0 45.30 44.05 4230 43.88¢ 415 3480 1.50 1.32 1.38 1.36
MS3T 5.0 4031 |72 4001 40,00 3316 33.088 1.09 1.15 1.25 1.23
Mean 64.222 62,82t 62.23F 41.96 1.64= 1.53 347 311 326
CD0.05
Genotypes 0.79 NS 0.52 NS
Media 2.00 2.97 1.38 220
GxM NS NS NS NS

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



Table 2. Effect of different cytokinins (alone) in varying concentrations on in vitro response of cultured nodal segments.

Culture In vitro response
me'dla Cyto- Conc. Callus proliferating nodal segments (%)  Shoot proliferaring nodal segments (%o) Number oiso}:;:.l:lsi;)rf;;‘t:espundlng Average shoot length (in cm)

kinins mgl?!

Geno:}pes Thompson Karnet Local Mean Thompson Karnet Local  Mean Thompson Karnet Local DMean Thompson Karnet Local Mean
Seedless Seedless Seedless Seedless
MS.1B BA 0.1 30.20 30,01 30.744 68.09 66.42 66.02  66.847 352 4.50 2.48 2.50¢ 2.39 2.35 232 2.35
MS.5B 0.5 4331 2 42,038 68.42 68.30 68.25  68.32f 288 2.80 2.69 2.85¢ 2.66 2.6l 2.60 1.62¢
MSB 1.0 38.62 38.67° 73.40 73.20 72,15 72914 ez 3s 3.50 3.5 433 4.28 4.21 4.27¢
MS2B 2.0 30.22 30.164 78.30 76.20 73.60  76.03%¢ 441 11.07 3.96 6.48¢ 3.29 3.26 3.20 3.25
MS3B 30 3102 29.004 8351 80.22 78.30 ; 3.08 3.20 3.16 344 2.18 208 215 2148
NS48 4.0 22.32 22.80f 78.35 78.02 76.80 2.89 309 2.96 2.08¢ 2.18 2.12 2.09 213
MS5B 3.0 18.10 17.781 34.51 34.30 34.16 228 203 1.96 2.00¢ 1.06 0.99 0.92 0.99¢
MS.1Kn Kn 0.1 34.00 34.67¢ 38.16 38.12 38.01 278 1.08 1.77 217 22 221 2. 2.21#
MS.5KEn 0.5 30.23 30,344 58.18 58.00 58.02 2.82 2 2.02 2.31¢ 2.39 2.32 2 .33
MSKn 1.0 22,61 65.09 64.38 63.66 2.76 2189 1.95 2.30¢ 2.32 338 3 3.
MS2En 2.0 2261 68.30 68.10 67.50 336 21 248 2.69¢ 258 248 2
MS3En 30 21.32 70.80 68.39 66.30 2.89 241 217 2.49¢ 340 2.29 2.
MS4En 4.0 20.08 73.18 73.01 68.22 2.16 2.09 2.08 2.11¢ 2.30 2.26 2.
MS5En 5.0 1422 4325 43.05 43.01 243 1.10 1.08 1.53¢ 192 1.68
MS.1Td TDZ 0.1 24.60 78.40 78.13 73.59 12.08 11.02 11.39st 201 2.36
MS.2Td 0.2 20,09 8333 78.30 73.60 14.46 1356 14.080 4.48 442
MS3Td 03 1538 78.20 7435 7415 10.94 912 10.31® 4.39 4.26
MS.4Td 0.4 14.08 13.88 74.22 74.08 69.45 9.35 8.46 8.91bc 3.08 3.89
MS.5Td 0.5 10.45 0.15 10.30i 73.38 68.15 68.20 8.62 7.88 8.27¢ 2,08 2.7
MSTd 1.0 08.62 08.40  8.98i 3933 39.25 34.10 574 4.98 5.204 2.88 2.7
MS2Td 2.0 08.05 06.05 7.73% 49.52 40.12 4.90 3.48 4124 2.54 2.
Mean 22,000 21.19¢ 68.528 67.200  55.60¢ 5.18 4.71 2.81 2.7
CD 0.05
Genotypes 0.70 1.25 NS NS
Media 1.30 3.33 326 3.6l
GxM 241 NS NS NS

Values within column followed by different letters are significantly different at 5% probability level.
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Table 3. Combined effect of different added auxins and cytokinins in varying concentrations and combinations on in
£ vitro response of cultured nodal segments.

Plant
Culture Growth In vitro response
media regulators
G . Auxin Cyte- Callus proliferating nodal segments (%) Sheotproliferating nodal segments (%0) Number of shoat (s) per responding Average shoot length (in cm)
enotypes NAA limins nodal segments
. mg.l’ mg.l- T;:::Ilzcsm Karnet Local Mean T.cléleﬂe':ll:ics”l Local Mean TF:LTSII:ZTI Karnet Local Mean TF:LTSII:ZTI Karnet Local Mean
0.3 Ba 0 6328 6320 6302 65.16° 70.08 69.80  70.07¢ 3.62 3.02 494 519% 415 411 393 4.10¢
0.3 BA 1 6850 6979 69.63 7241 7006 T1.23 6.75 6.29 5.82 6.28° 433 421 410 421
MS2BSN 0.3 BA 24 62.32 6131  62.67f 7018 7002 7642 g.12 7.82 7 302 388 306 3.9
MS3B.N 0.3 BA 3 573 36.82 5754t 76.33 7426 TR.26° 246 7.72 3.08 296 280  2.944
ME4BIN 0.3 BA 41 50.23 8092 002 T36TE 3.79 4388 295 289 .79 2874
MS3BN 0.3 BA 5( 4319 7 7033 73.01k .82 140 277 267 272 2.724
0.3 En,0.: 70.30 60.0F 63.55% 393 3.7 3.3 438 4.26
0.3 EnlcC T1.16 6321 65304 438 399 12 116 111
0.3 En 20 63.09 6301 65.04° 438 404 418 4.06 384y
0.3 En, 3( 39.09 60.03 6037 436 412 310 298 2.83
0.3 En 40 70.20 3507 59241 129 308 382 372 3.63
0.3 En 3( 3642 3501 55442 2.35 235 278 2 230
1.0 BA. O T1.29 63.08 66547 427 4.09 6.08 6 398
20 BAODS 7439 60.07  63.85¢ 162 302 749 7. 692
30 BAODS 78.29 6013 63.18* 304 336 6.29 6. 6.33
g 40 BADS T73.69 3844 59.76f 2.86 239 338 3.
MS3IN3B 30 BAODS 70.09 3001 s4.60% 2.15 181 1.66 4.
MS.ITAIN 0.3 TDZ. 0 63.21 7012 T0.05 16.74 6.17 642 6.
ME.ITd3N 0.3 TDZ. 0 63.16 7301 T4.14% 17.19 6.90 g.02 2.
ME3Td3N 0.3 TDZ. 0 60.18 6501  65.16! 16.09 .68 6.38 6.
MSTA.IN 0.3 TDZ. 1 3846 6028  62.03* 1482 419 3.96 3.
MS2Td 3N 0.3 TDZ, 2 33.30 3471 SB.40% 004 3.26 4123 3. .
Mean 64.32% 64.13% 7.20: 4.79% 4.50 4. 4.56
CD0.05
Genotypes 0.78 1.18 127 NS
Media 211 31s 346 2.08
GxM N§ N§ N§ N§

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



Table 4. Effects of different plant growth regulators on in vitro rooting of shootlets obtained from nodal segment culture.

Plant growth regulators

Culture media In vitro rooting response

mg !
G::lot\'pes Root proliferating shootlets (%0} Number of root (s} Root length (in cm)
> IB. Nad o BAl K T;m-mpsuu Karnet Local Mean Tl.mmpsuu Karnet Loeal Mean Tl.mmpsu-u Karnet Local Mean
Seedless Seedless Seedless
o1 - - - 80.62 7992 78.89 79.51¢ 3.82 3.76 382 3.82 379 462 541
03 - - - 83.80 8439 8429 §4.81% 470 139 4.69 6.78 6.62 349 6.29
o - - - 00.62 20.69 2032 §0.04% 136 141 4.94 2.63 239 6.23 7.78
0 - - - 00.32 2034 ggal 80.65% 384 5.75 578 7.86 692 6.22
o - - - 21.29 21.28 §1.85¢ 423 418 422 6.70 382 539 207
- 0.1 - - 70.39 70.18 7 3.02 2098 .04 414 3488 3.70 3.90
- 0.3 - - 73.33 74.34 kRS 304 317 4.64 3.76 3.82 4.07
- 1.0 - - T0.69 7048 340 6 345 5.28 432 420 4.60
- 20 - - 63.33 63.35 330 346 5.03 496 182 494
- 30 - - 60.30 5 264 2.64 119 492 479 4.67
- - - 0.1 37.62 319 327 3.69 373 336 .66
- - - 0.3 62.40 3.72 31.78 43 359 349 as2
- - - 1.0 64.54 436 4.57 308 3299 3.78 R
- - - 2.0 3438 442 4.50 478 3.89 479 448
- - - 30 3032 439 4.36 364 434 432 4.10
0.3 0.3 - 7931 338 340 3.69 329 309 335
1.0 0.3 - 79.61 384 2 182 119 339 328 3.68
MS2L5B 20 0.3 - 7829 362 1 373 3.96 4.00 397 4.67
ME3L3kn 03 - 0.3 2642 306 3.75 301 3.62 306 302 4.50
MSL3En o - - 0.3 2261 482 492 4.94 414 3.68 3.62 214
MSE213Kn - - 0.3 2434 3 129 476 4.86 6.22 6.32 646 6.40
Mean 7430 74.30 3.98 3.59 52 4.90 4.56
CD (0.05)
Genotypes NS NS NS
Media 441 NS NS
GxM N§ N§ N§

Values within column followed by different letters are significantly different at 5% probability level.
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Nodal segment excised from top 1-10 nodes could not induce higher bud
break, which may be due to tender nature of buds. The exposure of explants
with sterilants/antioxidants may exterminate these soft buds. Maximum bud
break was observed from 10-20 nodes, probably due to juvenile status and
competence to resist the toxic effect of surface sterilizing agents. These results
are in accordance to the findings of Tran Than Van (1973) and Alizadeh et al.
(2010) who found higher morphogenic comeback followed by plantlet
regeneration that appears to be highly dependent on position of explant. Studies
have revealed that lower or mid portion of the branch are easier to establish in
vitro than upper part of the branch (Alizadeh et al., 2010).

In grape, although, plants from tissue cultures have been regenerated on
an array of basal medium such as MS medium (Lee and Wetzstein, 1990;
Torregrosa and Bouquet, 1996; Heloir et al., 1997, Mhatre et al., 2000;
Muhammad et al., 2008), Nitsch medium (James et al., 1990; Robacker, 1993)
and MT medium (Xu et al., 2005), in our experiments, MS basal medium was
used throughout the experiments, as it was found more amenable in preliminary
experimentations than others (data not presented). As per studies conducted so
far, composition of culture media does not seem to play leading role in in vitro
response as much as the type and concentration of plant growth regulators.

Some of the most intriguing questions faced by us concern the conditions
that reprogramme hitherto differentiated or otherwise committed cells into
forming morphogenic structures in culture and that determine the path taken,
direct or indirect, shoot or callus. By varying growth regulator levels and types,
one can determine the route of in vifro morphogenesis. During present
investigation, presence of an auxin alone in culture medium supported profuse
callus growth. Such type calli after transfer to the medium without growth
regulators did not exhibit morphogenesis at full potential. Nutrient medium
containing higher concentration of auxins in combination with a comparatively
lower concentration of cytokinins preferred indirect shoot organogenesis with
low morphogenic competence. Culture medium amended with comparatively
higher concentrations of cytokinins in association with lower concentrations of
auxins also preferred indirect organogenesis mode of regeneration but the
frequency of shoot proliferation was extremely higher. Cytokinins as sole
preferred direct auxiliary bud proliferation (direct shoot organogenesis) and
regenerated multiple shoots.p

Culture medium fortified with higher concentrations of auxins in alone (2,
4-D, NAA or 2, 4, 5-T) initiated calli in higher frequencies. Higher degree of
callus initiation was observed on culture media MS2D and MS3N as compared
to culture media MS3N.5B and MS4N.5B containing higher concentration of
an auxin in combination with lower concentration of cytokinins, MS5B.5N and
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MS5Kn.5N supplemented with relatively higher concentration of cytokinins in
combination with lower concentration of an auxin as well as MS5B, MS5Kn,
MS2Td with cytokinins at higher concentration suggested that an auxin alone
is adequate for higher degree of callus initiation from cultured nodal segments.
A similar result was also reported by Torregrosa and Bouquet (1996) in grape.
Regeneration of multiple shoots from nodal segment explants directly as well
as from nodal segment-derived callus of grape has been reported earlier in
response to cytokinins BA, Kn and TDZ (Barreto and Nookaraju, 2007;
Torregrosa and Bouquet, 1996). Both adenine (BA and Kn) and phenyl urea
derivatives (TDZ) of cytokinins were used in the present study for shoot
regeneration. It was observed that BA and TDZ in alone as well as in
combination with a lower concentration of NAA (0.5mg.I™")was better for shoot
proliferating ability when compared with Kn. Growth regulator BAP promotes
adventitious buds in excised organs and tissues in vitro (Bhojwani and Johri
1971). In the earlier studies BA was found also superior for shoot proliferation
in grape (Thies and Graves, 1992; Torregrosa and Bouquet, 1996; Mhatre et al.,
2000; Das et al., 2002; Singh et al., 2004; Alizadeh et al., 2010) which was in
accordance with present findings. During present study, it was also observed
that TDZ was equally effective for shoot proliferating competence to BA but
the numbers of shoots formed per explant were extremely higher in the
presence of TDZ. Recovery of shoots in higher numbers on medium
supplemented with cytokinin TDZ as compared to supplementation of BA as
well as Kn perhaps due to occurrence of direct organogenic mode of
regeneration. The presence of TDZ in culture medium prevents callus initiation
and forced to nodal segments to regenerate plantlets from meristemtic zones
directly. Furthermore, TDZ was found more effective at lower concentrations
(0.1-0.5 mg.1"") as compared to BA and Kn (they were found more effective in
the range of 2.0 -4.0 mg.1"). Effectiveness of TDZ at lower level perhaps, was
due to induced accumulation of endogenous cytokinins, as reported earlier by
Murthy et al. (1995). TDZ also affected auxin transport in hypocotyl tissues of
Pelargonium and others (Murch and Saxena, 2001) and promoted regeneration
frequency by altering the levels of abscisic acid, ethylene and perhaps proline
(Murch and Saxena, 2001). In the present study, TDZ was found to be
unresponsive when supplemented into media at the concentration beyond to 1.0
mg.I"". This finding is in accordance with the findings of Huetteman and Preece
(1993) who also reported that TDZ at higher concentrations inhibit shoot
elongation in many species. However, the exact mechanism of TDZ induced
shoot proliferation in plants is not all that clear.

Cytokinin Kn performed moderately in all phases of culture. Kinetin
preferred rhizogenesis alone in vitro instead of gammogenesis. In all cultivars
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BAP treatments either singly or in combination with 0.5 mgl' NAA showed
better response than single or combined kinetin treatments. This finding is in
accordance with the Alizadeh et al. (2010) for nodal segment culture of grape.
In contrary to our results, Poudel ef al. (2005) reported the effectiveness of
kinetin on culture establishment of two wild grape cultivars. This may be due to
difference in genotypes utilized; because different plant growth regulators at
varying concentrations show considerable variability for in vitro regeneration
of different species or cultivars. Plant growth regulator (s) effective for one
species may not be equally effective for another cultivar or species (Poudel et
al.,2005; Singh et al., 2004).

Shoot of higher length was attained on culture media MS.2Td.5N and
MS2NB with higher quantity of an auxin in combination with lower
concentration of a cytokinin as compared to nutrient media MS5B.5SN with
relatively higher cytokinin quantity in combination of lower proportion of an
auxin suggested that culture medium was more effective when higher
concentration of an auxin with lower concentration of a cytokinin were added
in culture medium. A comparatively lower response was recorded when auxins
was used separately in the medium. Much lower results were documented with
supplementation of alone cytokinins into medium. A review of literatures
indicates that addition of either 2,4-D or NAA in the culture medium improved
the response in a number of species in terms of overall shoot length. We
observed that 2.0 mgl' NAA and 0.2 mgl' TDZ solely in MS medium
proliferated shoot of higher length 6.62cm and 4.29cm respectively. On the
other hand, addition of 0.5 mg. I BA with NAA and 0.5 mg. I" NAA with
TDZ elevated the shoot length considerably. Shoot of maximum length 7.19cm
and 8.78 cm respectively have been achieved with the combined application of
auxin and cytokinin.

During present investigation, rhizogenesis frequencies were found higher
after transferring of shootlets into the rooting medium. In grape, auxins like
IBA (Barreto and Nookaraju, 2007), IAA (Alizadeh et al., 2010) as well as
NAA (Sajid et al., 2006) was found effective for inducing in vitro rooting. In
present study, higher root proliferation ability, number (s) of roots as well as
root of higher length were attained on full strength MS rooting medium
amended with IBA alone at the concentration ranging from 1.0-2.0 mg.I". The
results clearly indicated that rooting of in vitro shoots of grape required lower
to moderate concentrations of IBA. Furthermore, IBA responded better as
compared to NAA, BA or Kn. Medium supplemented with higher auxins
augmented the intensity of callus induction, while, the number of roots
produced per shoot and root growth reduced considerably. Culture media
supplemented with IBA alone responded well as compared to media fortified
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with other synthetic auxin (NAA) even in higher concentrations suggested that
IBA promotes in vitro rooting of shootlets in grape. Auxins promoted
adventitious root development on intact plants as well as excised stems. Of
these, IBA was the most effective than any other synthetic auxins in most of the
cases, apparently because it is not destroyed by IAA oxidase or other enzymes
and therefore persists longer.

Significant differences in shoot induction efficiency were also detected
among three Vitas cultivars. Under the same culture cues, genotype Thompson
seedless was found more responsive that Karnet and Local for the most of
culture phases indicating the presence of genotype/cultivar-specific reactions.
Cultivar-dependent variation in shoot regeneration capacity has been previously
reported in various explants cultures of Vitas by Stamp and Meredith (1988);
Torregrosa and Bouquet (1996); Carimi et al. (2005); Xu et al. (2005); Barreto
and Nookaraju (2007) and Sadanand et al.(2009). Previous work and ours
demonstrated that regeneration potential of the cultured nodal segments was
tightly correlated with genetic background of the stock plants, which may be
due to different levels of endogenous metabolites and/or hormones that are
involved in regeneration process (Norstog, 1970).

In conclusion, the present results substantiate the fact that nodal segments
is an excellent explant source and are available throughout the year especially in
grape where choice of explants is limited due to non-availability of seeds. The
present study shows that nodal segment explants of grape carry a high potential
for rapid multiple shoot regeneration and subsequent micropropagation. Utilizing
our regeneration system and existing transformation technologies in grape
breeding program could provide an additional strategy for the enhancement of
elite cultivar.
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