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ABSTRACT

The aim of this work was to develop a protocol for rapid micropropagation of an elite F1 hybrid watermelon
cultivar using shoot tip of field-grown plants. Maximum frequency (73%) of shoot tip showed growth response in
MS medium supplemented with 5 mg I™* benzyl adenine (BA) and 0.1 mg I™* indole-3 acetic acid (IAA). Upon transfer
to cytokinin-enriched medium, the cultures produced multiple shoots and 2.0 mg I™* BA was optimum in this respect.
Addition of gibberellic acid (GAg) in the multiplication medium resulted in better growth of shoots. Rooting rate was
100% when shoots were obtained from second subculture were cultured in medium with 1.0 mg I indole-3 butyric
acid (IBA). The shoots produced more roots with increasing number of subcultures. About 72% of the regenerated
plantlets acclimatized successfully and survived in the soil condition.
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INTRODUCTION al. 2004). Tomatoes and tomato products provide
most of the dietary intake of lycopene in Western
Watermelon Citrullus lanatus) is an economically diets. However, red-fleshed watermelon contains
important major fruit grown in the warmer regionmore lycopene per unit fresh weight than fresh
of the world and ranked sixth in world productiontomatoes and is equally bioavailable to humans
of fruit crop. It is globally popular as sweet cool(Edwards et al. 2003). Watermelon flesh has
dessert and as cooked vegetables (Moerman 1998jgredients that deliver Viagra-like effects to the
It is an excellent source of vitamin C. Red-fleshedbody’s blood vessels and may even increase libido
watermelon contains significant amounts of(Patil 2008). Watermelon is also a rich source of
lycopene, a carotenoid pigment, which is a highly¥non-essential) amino acids such as citrulline
efficient free radical scavenger (Perkins-Veazie efRimandoand Perkins-Veazi2005). Citrulline is an
al. 2006). High dietary lycopene consumption (Zefficient hydroxyl radical scavenger and a strong
mg or more/day) may be beneficial in reducing thentioxidant (Fang et al. 2002).
incidence of prostate and oral cancers and in tHexcessive number of seeds in watermelon flesh is
prevention of oxidative damage to the cellsan undesirable trait. Fruits of interploid hybrate
(Mohanty et al. 2006; Zhao et al. 2006; Mayne etirtually seedless and sweeter in taste. Tetraploid
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plants are commonly sterile and yielded loweteaves, shoot tips were thoroughly washed in 1%
number of seeds per fruit. Therefore, rapidv/v) solution of Savlon® (contains 0.1%
improvements of the watermelon cultivars arechlorhexidine HCI; ACI, Bangladesh) with two
difficult through conventional breeding. Geneticdrops of Tween-20 for 20 min, followed by rinsing
approaches such as tissue culture andith sterile distilled water. All the subsequent
biotechnology offer potential routes of improvingoperations were carried out inside a laminar air-
the fruit harvest by offering higher quality flow cabinet. Surface sterilization was carried out
products, seedless fruit or generating somaclonalith 0.1% (w/v) mercuric chloride solution for 5
variants, with improved resistance to biotic omin after a brief rinse in 90% ethanol for 30
abiotic stresses (Compton et 2004). The use of seconds. After washing for five times with sterile
shoot tip explants for rapid clonal propagation hadistilled water, the tips were slightly trimmed at
potential application for the propagation of diploi the cut-end to expose the fresh tissue, and planted
as well as F1 hybrid breeding lines. The clonabn different nutrient media. Different kinds of
propagation is the favorite method for manygrowth regulators, namely benzyl adenine (BA),
species, because it allows the production of morkinetin (Kin), 2-isopentenyladenine (2ip), indole-
uniform offsprings (Radmann et al. 2011). In3-acetic acid (IAA), indole-3 butyric acid (IBA),
addition, an efficienin vitro regeneration system napthalene acetic acid (NAA) and gibberellic acid
is essential for utlizing the gene transfer(GA;) were tested in MS basal medium
technology (Ulisses et al. 2010). The use of mangMurashige and Skoog 1962) for shoot growth and
triploid watermelon cultivars showed difficulties multiplication from the initial explants.
in their seed germination. High seed cost of hybrid
cultivars is generally associated with difficulties Physical culture condition
obtaining a sufficient number of tetraploid plantsThe pH of the tissue culture media were adjusted
as they exhibit low fertility and generally requre to 5.8 with 0.1 N NaOH or 0.1 N HCI. The media
at least 8-10 years of self pollination beforewere gelled with 0.7% (w /v) agar. Finally, media
enough plants are obtained for commercial triploidvere sterilized at 121°C for 20 min under 1.06
seed production (Compton and Gray 1993)kgcm” pressures. The cultures were incubated in a
Micropropagation of hybrid cultivars has potentialgrowth chamber at 25+1°C under 16 h photoperiod
use in the vegetable industry as it ‘fix’ hybrid regimes provided by cool white fluorescent lights
vigor especially when seeds cost high price andith 40-45 umol riis® illumination (Alam et al.
low germination rate. Thus, development of &010a).
commercially feasible micropropagation system , , , o
for triploid and tetraploid watermelon would Rootingand transplantation to soil condition
reduce the production cost and increase theorroot inductionjn vitro grown shoots (~3 cm in
availability of seedless watermelon lines to thdength) were excised, and transferred to the MS
growers. Plant regeneration from cotyledonmedium containing different concentrations of
hypocotyls and seedling shoot apices has be@pAA or IBA (Table 3). Four-week-old rooted
reported in watermelon (Chaturvedi and Bhatnagashoots were acclimatized as described previously
2001; Compton and Gray 1993; Compton et aliAlam et al. 2010a). Briefly, the plantlets with
2004; Dong and Jia 1998). In this work, a rapidvell-developed roots (4-6 roots/shoot) were
micropropagation protocol of an elite hybridwashed carefully to remove agar and then
watermelon cultivar from field-grown explants transferred to the pots containing a mixture of
was developed. autoclaved vermiculite, perlite and garden soil
(4:1:4). The pots were covered with polythene
bags to maintain high humidity for 6-7 days. The
MATERIALSAND METHODS plantlets were maintained in a growth chamber at
_ _ _ 25+1°C under 16 h illumination (145-150
Plant material and establishment of aseptic | ;mol ni? s%) with fluorescent lamps. The bags
cultures , were progressively opened weekly. After 10-15
Watermelon shoot apices were collected from @ays, the polythene bags were removed and the

commercial field of a F1 hybrid population 5cclimatized plants were transferred to a shaded
(cultivar 'Bengal Tiger'). After removing the large 5rea under natural condition.
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Statistical analysis considered to be established when the leaf blades
For each experiment, 15-20 explants were usegdlere expanded accompanied with elongation of
and each experiment was repeated twice. Standapétioles and internodes within 2-3 weeks of culture
error of the mean was calculated and representéditiation. The survival rate of explants at
as bars in the graph. All the investigatedd.1 mg I" IAA increased significantly with
parameters were analyzed using the analysis ofcreasing level of BA. Maximum number of
variance (ANOVA) and significance level wassurviving explants (73%) and growing cultures
determined atp<0.05. Significant differences (60%) were recorded at 5 migBA and 0.1 mg'
among the mean values were tested usinglA (Table 1). A combination of cytokinin and
Duncan’s Multiple Range Test (DMRT). auxin in regenerating shoots has been described
earlier (Dibax et al. 2010). In some cases, elittl
amount of callus was found at the base of the
RESULTSAND DISCUSSION explant. Within four weeks, a large number of
axillary and adventitious buds were developed
The shoot apices cultured on media supplementdtbm the nodal and internodes areas of the explant.
with different concentrations of BA in Later on, significant morphological changes were
combination with IAA showed different responseobserved and the shoot buds attained a maximum
during primary establishment. New growth wassize and started sprouting.
visible with unfurling of leaves. The explants were

Table 1 - Effect of BA and IAA on the establishment of shapices. Each value is an average of two replication
and 16 explants were used for each replication.nVigsparation in columns by Duncan's Multiple Ragst
(p<0.05 % level). Data were recorded after 6 weelautifire

Growth regulators (mg1™) Shoot apices response
BA IAA Survival (%) Growth (%)
1 0.1 41d 22 ¢

3 0.1 54 b 30b

5 1.0 73a 60 a

1 0.5 50 bc 27 bc

3 0.5 40 d 20c

5 0.5 42 cd 23 bc

After six weeks of culture in establishment(3-4 cm in length) with larger leaves and
medium, the basal portion of the explants were cutecreased number of shoots. Although the number
and transferred to the multiplication media forof shoots decreased significantly, the plants could
multiple shoot production. Among the threebe handled more easily than those plants grown in
cytokinins tested, BA was suitable for multiplewithout GAgs Positive effect of GA on stem
shoot formation (Table 2). Maximum number ofelongation has also been reported in many plant
shoots within a month of transfer was obtained ispecies, including sweet potato castor and
medium containing 2 mg'IBA (Fig. 1b). Operculina turpethum (Alam et al. 2010a, b, c).
Although extensive multiplication occurred, theThe regenerated shoots were excised and
shoots were compact with short internodes anttansferred to either rooting medium for
small leaves. The inclusion of GAin the adventitious rooting or transferred to same
proliferation medium resulted elongation of shootsnultiplication medium for further multiplication.
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Table 2 - Effect of cytokinins and GA on the multiplication and growth of shoot afteartsferring from
establishment media. Data were recorded after 4svekculture. Each value is an average of thrpéaaions and
8 explants were used for each replication. F validsdegrees of freedom (DF) are indicated

Growth regulators (mg ™) No. of shootg/explant Shoot length (cm)
Kin GA3
1 0 6.3+t1.4 2.1+0.2
1 1 4.3+0.8 4.0+0.2
2 0 8.4+1.1 3.2+0.3
2 1 7.2+0.9 4.040.3
BA
1 0 8.2+1.1 2.0+0.5
1 1 5.4+0.4 3.940.1
2 0 16.0+0.8 2.4+0.2
2 1 10.1+0.9 3.840.2
2ip
1 0 3.1+0.9 2.9+0.2
1 1 3.0+0.7 4.0+0.4
2 0 5.1+0.8 3.9+0.3
2 1 4.2+1.0 4.0+0.3
ltem DF F F
Replication 2 4.89NS 3.54 NS
Cytokinins 2 18.77** 5.00 NS
GA3 1 4.10* 3.87*

Figure 1 - In vitro clonal propagation of watermelon by axillary steoptoliferation from shoot tips.
(a) Inoculation of shoot tip in initial culture madh supplemented with 5 mg BA and
0.1 mg 1* IAA (b) multiple shoot formation on shoot apicesNlS medium supplemented
with 2 mg I' BA, after 5 weeks in culture, (c) adventitious ramluction on MS medium
containing 1 mgt IBA, after 3 weeks in culture, (d) a potted plahbwing growth under
ex vitro condition at the "8 weeks of transfer.
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An average multiplication rate of 4-5-folds perincreasing the subcultures. IBA is one of the most
subculture was obtained at an interval of fivecommonly used plant growth regulator for root
weeks. Root induction was more prominent in thénduction in watermelon (Krug et al. 2005) and
medium containing NAA (0.5 mg") or IBA (1.0  other cucurbits, including summer squash (Pal et
mg ") alone. Shoots from initial cultures andal. 2007), ash gourd (Thomas and Sreejesh, 2004)
those from subsequent subcultures were rootezhd interspecific hybrid o€ucurbita (Sarowar et
(Fig. 1c) on rooting medium and best result wasl. 2003).In vitro-rooted plantlets were transferred
observed in MS medium containing 1.0 iigBA  to soil pot for acclimatization (Fig. 1d), and then
(Table 3). Maximum (100%) rooting with 12 roots exposed to natural environmental condition. About
per shoot was recorded in this medium whe2% of the regenerated plants survived and
shoots from second subculture were used. Th&howed normal growth. This practice of
shoots and were more prone to rooting bycclimatization confirmed earlier studies.

Table 3 - Effect of different concentration of NAA and IBA anoting from regenerated shoot@itrullus lanatus.
Data were collected after 21 days of culture.

Growth regulators Daysto root Rooting frequency No. of Root length
(mg 1™ initiation (%) roots/shoot (cm)
NAA
0.1 20-21 30 3.0 34
0.2 10-12 50 6.1 4.2
0.5 8-9 80 9.0 6.0
1.0 10-11 60 6.7 6.1
1.5 15-20 50 4.8 3.5
IBA
0.1 20-22 50 4.5 4.5
0.5 10-11 57 7.0 4.9
1.0 7-8 100 12.0 7.0
15 9-10 80 11.0 6.0
2.0 15-20 70 6.5 3.7
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