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ARTICLE INFO ABSTRACT

Extinction of traditional crop varieties is becoming a common scenario in the world due to adoption of hybrid/
improved varieties. Conservationists are very busy with protection of those verities for novel genes to develop
agriculture through molecular breeding. However conservation feasibility is always questionable for traditional
seeds because of recalcitrance and low viability in nature. This is the first report on the protection of traditional
deep water rice (Oryza sativa L.) cultivar, TNR1 from possible extinction using callus induction and regeneration
system. TNR1 is known for its traditional (antidiabetic) and genetic (salinity and submergence resistance genes)
importance. The matured embryos were inoculated on LS medium prepared with 2.5mgL~! 2, 4-D and
0.1 mgL~! KN showed 74.5% of embryogenic callus induction. The calli was regenerated on MS medium for-
tified with 1.5mg L~ NAA and 3.0 mgL~! BAP and obtained 83.4% of regeneration. Regenerated plants were
successfully acclimatized in the field with 100% survival. The germination percentage of tissue culture derived
seeds was found to be high (84.2%) compared to traditional seeds (36.4%). The outcome of this study revealed
that, tissue culture enhanced the viability of recalcitrant seeds. In future, this protocol will be an invaluable tool
for both transgenic plant production or conservation of threatened traditional rice germplasms.
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1. Introduction India are the top two countries in rice production and formerly they are

having local collections of 30,000 rice cultivars (Breiholz et al., 2011).

In ancient times, thousands of rice cultivars were cultivated in the
Asian continent because of its ability to grow in a wide range of lands
which are susceptible to various biotic and abiotic stresses (Jackson,
1995; Siwakoti and Tiwari, 2007; Al-Atawneh et al., 2008). Rice (Oryza
sativa L.) is the staple food for more than 3 billion people of the earth
and over 90% of rice is manufactured from Asia and still required for
ever rising population (Hossain and Narciso, 2004; Khush, 2005). Ac-
cording to FAO statistics, rice production has to be increased 50% by
2025 due to annually increasing 1.8% of new rice consumers (Khush
and Virk, 2000). To achieve this, an efficient rice production system is
required with least available resources such as land and water
(Karthikeyan et al., 2009). Rice grown in the deepwater environment
distinguishes itself from recent rice varieties by its capability to survive
upto one month in water depths of over 50cm (http://www.
plantphysiol.org/content/118/4/1105 Catling, 1992). China and

These traditional crops have evolved to survive in various environ-
mental anxieties by genetic variation and its seeds naturally, has good
grain quality, needs less cost for farming and resistance to multiple
stresses (Oka, 1988; Puckridge et al., 2000; Sommut et al., 2004; Song
et al., 2005). Wild and traditional crops are considered to be storehouse
of novel genes which are having yield promoting potential and multiple
stress resistance (Khush et al., 1990; Jena and Khush, 1990; Brar et al.,
1996; Siwakoti and Tiwari, 2007; Al-Atawneh et al., 2008). Plant
breeders have explored these genes from traditional genetic resources
for developing the new crop verities. For instance, SUB1 and Saltol
genes were notified from the traditional Indian rice cultivar for its su-
periority in submergence and salinity respectively. Then, the anti-flood
rice was developed from SUBI gene through breeding and it was suc-
cessfully introduced in inundate susceptible lands of India (Swarna
Subl), Bangladesh (Samba Mahsuri) and Philippines (IR64-Subl)
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(Septiningsih et al., 2009; IRRI, 2013). Another case, the grassy stunt
virus-resistant rice variety was produced from crop wild relative
(CWR), Oryza nivara (Khush, 1977). These two examples proved that,
the conventional cultivars having the genetic basis for rice agronomic
characters improvement through breeding or transgenic technology.
However, such important crops are under vulnerable condition and
unfortunately countless traditional cultivars are already extinct from
the nature (IRRI Better varieties, 2013). The UN was highly concerned
on ever decreasing global biodiversity therefore, it is noticed that the
year 2011-2020 as decade of biodiversity. As a result, the conserva-
tionists are working hard to conserve gradually vanishing biodiversity
of many crop varieties (Brown, 1997; Anupam, 2012).

In our research findings, the Cauvery delta region originated tra-
ditional deep water indica rice cv. TNR1 (Oryza sativa L.) was replaced
by modern cultivars. Deepwater rice cv. TNR1 (Thalainayar 1) is an
ancient popular local cultivar of Tamil Nadu Cauvery delta region
(India). TNR1 cv. is moderate yielding, submergence tolerance, salinity
resistant and irrigated lowland rice evolved by pure line parentage
(RKMP, 2011). In India, about 16.1 million ha of rice lands are purely
submerged by flooding and according to World Bank Report (2008),
about 19-40 million ha of geographic area marked as flood susceptible
(Radhakrishnan, 1983; World Bank, 2008). Especially, Tamil Nadu
(India) covers 43% of rice lands are under flood prone region
(Thiyagarajan and Kalaiyarasi, 2010). During monsoon season,
12000 ha of agriculture lands were submerged. At the time of sub-
mergence, pure line parentage, deepwater indica rice cv. TNR1 (long,
bold red rice and yield's 0.8-1.0 tons ha™1), alone survived and feeds
the farmers (Radhakrishnan, 1983). The brown rice has unique taste,
texture and nutrition than white rice. Normally, the presence and ab-
sence of bran layer decides the colour and nutritional content of rice
(IRRI Rice facts, 2013). Cooked TNR1 meal is red in colour and it
contains less sugar compare to other rice cultivars which are tradi-
tionally used as a food for diabetic patients (Farmers opinion, un-
published data). Nowaday's, cultivation of this rice cv. was stopped due
to low yielding and lack of new technologies for improving its pro-
ductivity. But low yielding ancestor cultivars are having great numbers
of stress resistant genes (Ali et al., 2006). This is one of the direct
evidence in departure of traditional rice farming from agriculture and it
is common observable fact in various countries also. For instance, in
Thailand, deep water rice cultivation was up to 88% in 1993 but in
2001 it was reduced to 52% similarly in Nepal Seti river valley of kaski
district previously used to cultivate above 75 traditional rice cultivars
but at present, only 11 traditional cultivars are on hand to cultivate
(Puckridge et al., 2000; Sommut et al., 2004). Balanced varieties were
restored with modern cultivars. Farmers frequently used new cultivars
instead of traditional cultivars as it leads to rapid depletion of ancestral
genetic resources from the nature. Since, the modern cultivars provide
higher yield through the support of two-fold fertilizers, pesticides,
herbicides and irrigation (Puckridge et al., 2000; Sommut et al., 2004).
Therefore, there is an urgent need to recognize and conserve vulnerable
crop cultivars for future food demand.

The aspiration of the current study was to develop efficient callus
mediated regeneration system and evaluation of seed viability between
in vitro derived seeds and natural seeds of TNR1. Through this protocol
with some modification we can regenerate other endangered or re-
calcitrant traditional rice cv. for crop improvement or conservation
approaches. Many wild cultivar are recalcitrant in nature and it is a
common feature of many riparian and tropical species (Hong et al.,
1998). Those seed materials are unsuitable for germplasm conservation,
so micropropagation is versatile tool to establish the recalcitrant ex-
plants into viable state. However, optimization of in vitro regeneration
protocol is a challenging task which is often limited by seed re-
calcitrant, explant's genotype and nutrient media composition (Mandal
and Gupta, 1995; Khanna and Raina, 1998; Ramesh et al., 2009). There
are several reports evidencing that rice can be regenerated from various
parts such as leaf bases, root segments, immature embryos and mature
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embryos (Li et al., 1993; Azria and Bhalla, 2000; Mandal et al., 2003;
Ramesh and Gupta, 2006; Ramesh et al., 2009). While plenty of lit-
eratures are available for rice tissue culture but indica rice culture is
always problematic due to its recalcitrant nature (Ramesh and Gupta,
2006; Karthikeyan et al., 2009; Zuraida et al., 2011). However, the
recalcitrance surmount through auxin 2,4-D treatment, it leads to em-
bryogenic callus formation and successive regeneration (Morita et al.,
1999; Lee et al., 2002; Ramesh and Gupta, 2006; Karthikeyan et al.,
2009). Seed germination analysis was further demonstrated that seeds
from in vitro grown plants having more than two-fold of viability than
natural seeds. The present study reveals that, recalcitrant TNR1 seeds
are the sufficient materials for germplasm conservation which can be
rejuvenated through micropropagation. From this protocol, we can
obtain healthy plantlets through callus induction and regeneration
system which gives viable seeds for farming or preserving ever de-
clining genetic resources through germplasm conservation.

2. Materials and methods
2.1. Plant material

Deep water indica rice cv. TNR1 (Thalainayar 1) seeds were ob-
tained from Agriculture Extension Centre, Thalainayar village,
Nagapattinam, India. After removing the seed coat, healthy, intact red
kernelled grains were used as starting material for culture initiation. In
order to reduce surface rigidity of the seeds, it was soaked in sterile
distilled water for overnight at 4 °C. Vernalized seeds were disinfected
with 70% (v/v) ethanol for 1 min and 0.1% (w/v) mercuric chloride for
4 min. Subsequently, seeds were rinsed thoroughly in sterile water four
to five times to remove chemical traces and blot dried using Whatman
No.1 filter paper.

2.2. Embryogenic callus induction

The surface sterilized seeds were transferred to Linsmaier and Skoog
(LS; Linsmaier and Skoog, 1965) medium which comprises of 1.0
mgL ™! thiamine-HCL, 30 gL' sucrose, 4.5 gL~ ! ClariGel™ with var-
ious combinations of 2,4-dichlorophenoxyacetic acid (2,4-D; 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 or 5.0 mg L™ !) and kinetin (KN; 0.1, 0.2,
0.3, 0.4 or 0.5mgL~ ") for embryogenic callus induction. Medium pH
was adjusted to 5.8 with the help of 0.1 N NaOH and autoclaved at
121°C for 15min. Initiated cultures were maintained in complete
darkness at 26 = 2°C for 21 days. After three weeks of incubation,
callus was subcultured on the for raising the callus mass and viability.
The callus induction efficacy was assessed based on the fresh weight
(FW) determination. Callus cultures were periodically subcultured on
the same medium for two weeks to maintain the proliferation rate of
the callus and monitored for every 3 days to observe any morphological
changes.

2.3. Plantlet regeneration

The seed derived embryogenic callus was laid on Murashige and
Skoog (MS; Murashige and Skoog, 1962) regeneration medium pro-
vided with different concentrations (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,
4.5 or 5.0 mg LY of 6-Benzylaminopurine (BAP) or incombination
with 1-Naphthaleneacetic acid (NAA; 0.5, 1.0, 1.5, 2.0, 2.5 or
3mgL™ 1Y), for shoot differentiation. Also, MS medium prepared with
30gL™"! sucrose and 4.5gL~! ClariGel™ as a sugar and solidifying
agent respectively. Cultures were maintained in 16 h light and 8 h dark
phase at 26 = 2 °C for 42 days. Coconut water (2, 4, 6, 8 or 10%, v/v)
was used as a natural additive in both callus induction and regeneration
phases to promote growth and freshness of cultures. Cultures were
periodically subculured on the same medium at once in two weeks for
multiple shoot induction with maturation. Further, calli derived shoot
cultures were maintained in same medium for rooting. After complete
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rooting, it was transfer for acclimatization.

2.4. Hardening

In vitro cultured plantlets with well developed roots were taken out
carefully from the container and washed with sterile distilled water to
remove traces of media on the root surfaces. The young plantlets were
transferred to plastic pots packed with autoclaved mixture of sand,
vermicompost and horticulture soil in 1:1:1 (w/w/w) ratio. These
plantlets were initially maintained in the plant growth chamber (Sanyo
versatile environmental test chamber, MLR 351H, Japan) with 16/8 h
(light/dark) at 25 + 1 °C for 2 weeks under cool white fluorescent light
lamp with 150 pmol photons m ™2 s~ ! and 60% relative humidity (RH).
Then, gradually plants were transferred to the shade house and main-
tained for 2 weeks with natural conditions. The well-adapted plants
were shifted to field conditions for establishment, maturation and vi-
able seed setting.

2.5. Collection of in vitro derived seeds and natural seeds

In order to assess the seed viability, field established plants were
noticed for seed set production. The healthy, viable seeds were har-
vested from randomly selected five micropropagated and traditional
crops of TNR1. For seed viability, Hay et al. (2013) protocol was fol-
lowed with slight modifications. Initially, 30 seeds from each micro-
propagated and traditional seeds were maintained in hot air oven for 7
days at 50 °C for ripening also to remove the moisture. Then these seeds
were kept in air tight container for further experiments.

2.6. Seed viability assay

In order to break the seed dormancy, both (micropropagated and
traditional) seeds were soaked in sterile distilled water for 16 h at 4 °C.
Then, seeds were spread over the two layers of Whatman No.1 filter
paper and placed in Petri plates. The plates were filled with 10 ml of
sterile water and maintained in a growth chamber (SANYO, Versatile
Environmental Test Chamber, Japan, Model No. MLR 351 H) with the
environmental parameters of 65% RH, 12h light/day and 30 °C.
Germination started on next day onwards and further continued up to
15 days. Plants with normal shoots with roots were scored as germi-
nated. After complete regeneration, germination percentage (GP) was
calculated by following formula:

GP = (number of seeds germinated) / (total number of seeds in-
oculated) x 100

2.7. Statistical analysis

All the experiments were carefully designed and performed in tri-
plicate manner with 150 explants per trial. The different growth vari-
ables including percentage of callus induction, callus fresh weight, re-
generation was evaluated after the second subculture. Further, seed
viability was tested after 15" day of seed germination. Finally, the data
were analysed using one-way analysis of variance (ANOVA), the sig-
nificance of variations within means was carried out at P < 0.05 using
Duncan's multiple range test with Statistical Package for Social Science,
version 17.0 for Windows, SPSS Inc. (SPSS Inc. 2003; IBM).

3. Results
3.1. Effects of 2,4-D and KN on embryogenic callus induction
Seeds were inoculated on LS medium augmented with different

concentrations of 2,4-D (0.5-5.0 mgL’l) and KN (0.1-0.5 mgL’l)
independently or in combination for embryogenic callus induction
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(Fig. 1 and Table 1). Friable, white to yellow embryogenic callus started
to produce from seeds after 14 days of dark incubation at 26 + 2 °C.
Among the different concentrations of 2,4-D and KN tested for em-
bryogenic callus induction, LS medium supplemented with 2.5 mgL ™!
2,4-D and 0.1 mgL~"! KN showed maximum percentage (74.4%) of
callus induction whereas 2.5mgL~! 2,4-D alone showed 63.2% of
callus induction after 28 days (Fig. 1 and Table 1). The callus induction
was observed after 14 days of dark incubation from the explants were
cultured on LS medium (Fig. 2a and b). Friable, white to yellow em-
bryogenic callus was produced after 28 days of dark incubation (Fig. 2c
and d). Addition of 2,4-D upto 2.5 mgL ™' showed increased callus in-
duction frequency however, above the optimum concentration of 2,4-D
(2.5mg L~ 1) reduced the callus induction percentage and became ne-
crosis (Fig. 1).

The effect of KN on callus induction was shown in Table 1. In
contrast to 2,4-D, increased concentration of KN showed poor callus
induction frequency. These experiments proposed that, LS medium
supplemented with 2.5mgL™" 2,4-D and 0.1 mgL~! KN was the best
for callus induction from mature seeds of TNR1 (Table 1). Additionally,
these results demonstrated that 0.5-2.5mgL ™! 2,4-D was the favour-
able concentration for inducing the regenerable, friable, white to
yellow embryogenic callus from the mature zygotic embryos of TNR1
(Table 1). Similarly, low concentration of KN also promotes the callus
induction frequency compared to 2,4-D alone (Table 1).

3.2. Effects of BAP and NAA on in vitro regeneration

The seed derived embryogenic callus was cultured on MS medium
supplemented with different concentrations BAP (0.5-5.0 mgL™!) and
NAA (0.5-3.0mg L™ ") individually or in combination for shoot differ-
entiation. Among the various concentrations of BAP tested, MS medium
containing with 3.0 mgL ™! BAP produced 66.2% of regeneration after
41 days of light incubation (Table 2). Compare to BAP alone, the
combination of NAA showed highest percentage of regeneration up to
83.4% (Table 2). Among the combinations of BAP and NAA, 3 mg L1
BAP and 1.5 mg L~ NAA showed high frequency regeneration through
direct organogenesis (Table 2). Above the optimum concentrations,
BAP (3.0 mg L™ Y and NAA (1.5 mg L™ 1) showed decreased percentage
of regeneration (Table 2). In the regeneration medium, greenish was
observed on 9™ day of light incubation (Fig. 2e) and white to yellow
embryogenic calluses were gradually developed into bright green
shoots (Fig. 2f). In vitro produced shoots were cultured in the same
regeneration media for six weeks then subcultured for another two
weeks for development of good rooting system (Fig. 2g). The well
rooted plants were initially hardened into pots (Fig. 2h) and maintained
in the shade house then transferred to the field. The combination of
3mgL~! BAP and 1.5mgL~! NAA was showing the most effective
regeneration, resulting in 83.4% of the tested calli developing into
shoots and roots (Table 2). The brief data point out that, mixture of
NAA and BAP and their concentrations and appropriate proportion was
important factor for shoot regeneration from embryogenic callus of
TNRI1.

3.3. Effects of coconut water on embryogenic callus induction and
regeneration

In order to increase the viability of the explants, coconut water was
examined in callus induction and regeneration medium. It decreases the
rate of browning and necrosis in cultured plant. Various concentrations
of coconut water (2, 4, 6, 8 and 10%, v/v) were supplemented in this
test. Among them, 10% (v/v) of coconut water increased the callus mass
and freshness than other concentrations. The addition of coconut water
to the callus induction medium promoted a quick response to micro-
propagation with increased activeness and survivability (Fig. 2d).
Above 10% (v/v) of coconut water, no significance was observed in
callus induction and regeneration phase (Data not shown).
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Fig. 1. Effect of 2,4-D on embyogenic callus induction in deep water rice cv. TNR1 on LS medium.

Table 1
Effect of 2,4-D and KN on embryogenic callus induction of Deep water rice cv.
TNR 1 on LS medium.

Plant growth
regulators (mg L™ 1)

Percentage of embryogenic
callus induction
(Mean * SD)

Fresh weight of callus
(mg) Mean + SD

KN 2, 4-D
0.1 2.5 74.47 + 0.42° 173.07 + 0.42°
0.2 2.5 67.23 + 0.55¢ 162.63 + 0.21¢
0.3 2.5 52.07 + 0.25° 152.37 + 0.31°
0.4 2.5 43.63 = 0.40° 140.80 + 0.50°
0.5 2.5 28.30 * 0.26% 128.10 * 0.36%

The data are presented as means ( = SD) of three independent experiments. The
150 explants per experiment were tried for optimum callus induction. Mean
values in each column followed by the same letters are not significantly dif-
ferent by Duncan's multiple range test at P < 0.05.

3.4. In vitro rooting

In vitro regenerated plantlets with 5-10 cm long roots were har-
dened to plastic pots filled with an autoclaved mixture of sand, ver-
micompost and horticulture soil in 1:1:1 (w/w/w) ratio (Fig. 2). The
regenerated young plantlets were maintained in the shade house with
100% of survival and they were allowed for seed setting. The field
acclimatized plants were looking healthy and produced panicles with
seeds.

3.5. Effects of germination in micropropagated and traditional seeds

Invitro plant derived seeds were harvested and used for germination
study. This experiment illustrated that, tissue culture seeds has more
than twofold of germination (84.2%) capacity than stored indigenous
seeds (36.4%) (Fig. 3). These viable seeds can be stored in germplasm
conservation bank or they can be used for farming.

4. Discussion

Numerous indigenous crops are in the threatened condition due to
the various natural and anthropogenic activities, the rice variety TNR1

is an one among them. In this study, the seeds have been used as a
explant to achieve a successful embryogenic callus induction and plant
regeneration in recalcitrant deep water indica rice cv. TNR1. The ef-
fective and rapid regeneration protocol reported here has the best re-
generation capability over the previously published reports of rice via
organogenesis. In earlier studies, rice regeneration have been achieved
by using various explants such as stem node, leaf base, anther and
mature seed (Furuhashi and Yatazuva, 1964; Guha-Mukerjee, 1973;
Genovesi and Magil, 1982; Karthikeyan et al., 2009, 2011; Priya et al.,
2011a,b; Krishnan et al., 2013). However, mature zygotic embryos has
also been efficiently used as an explant source for callus regeneration in
rice (Rueb et al., 1994; Lee et al., 2002; Karthikeyan et al., 2009; Saika
and Toki, 2010), sorghum (Rao et al., 1995), lawngrass (Asano et al.,
1996), maize (Huang and Wei, 2004), barley (Manoharan and Dahleen,
2002), oats (Choi et al., 2000) white pine (Tang and Newton, 2005),
wheat (Mendoza and Kaeppler, 2002; Moghaieb et al., 2010), finger
millet (Satish et al., 2016a) and foxtail millet (Satish et al., 2016b).
Embryogenesis and plant regeneration systems developed from mature
zygotic embryos of recalcitrant seeds of deep water indica rice cv. TNR1
through this study may beneficial for in vitro and transformation stu-
dies.

In vitro regeneration protocol was limited by several factors like
genotype, the source of the explant, nutrients, hormone composition
and type of explants (Ramesh and Gupta, 2006; Karthikeyan et al.,
2009). Most of the indica rice cultivars were less responded to tissue
culture conditions compared to japonica cultivars which are conquered
with our protocol (Karthikeyan et al., 2009). Thus, an attempt was
taken to rejuvenate the deep water indica rice cv. TNR1 through callus
mediated regeneration system. Auxin has been considered as an effi-
cient plant growth regulator affecting cell division, differentiation and
morphology in the induction of somatic embryogenesis (Pescador et al.,
2012). The exogenous supplementation of optimum levels of 2,4-D into
the medium resulted in prolific callus formation in various rice explants
(Morita et al., 1999; Lee et al., 2002). Generally, pale yellow embryo-
genic callus was initiated from a scutellar region of the zygotic embryo
of TNR1 (Wani et al., 2011). In our study, dry, compact and nodular
structured embryogenic callus was obtained in the LS media supple-
mented with 2,4-D. Similar results have been reported in rice
(Karthikeyan et al., 2011). In order to induce the efficient embryogenic
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Table 2
Effect of BAP and NAA on regeneration of embryogenic callus of Deep water
rice cv. TNR1 on MS medium.

Plant growth regulators Percentage of regeneration Average shoot length

(mg L™Y) (Mean + SD) (cm)

Mean *= SD
BAP NAA
0.5 - 21.57 + 0.51° 7.20 = 0.40°
1 - 27.97 + 0.35¢ 11.17 + 0.32¢
1.5 - 37.93 + 0.31° 14.80 * 0.20°
2 - 46.73 + 0.40% 17.90 + 0.36f
2.5 - 56.30 + 0.36' 21.73 * 0.31"
3 - 66.27 + 0.25 24.13 = 0.21°
3.5 - 52.17 + 0.32" 18.93 + 0.25%
4 - 44.23 + 0.45f 14.43 + 0.31°
45 - 26.73 + 0.45¢ 10.47 + 0.31¢
5 - 16.00 = 0.30% 8.50 * 0.26"
3 0.5 71.77 + 0.21™ 28.60 + 0.46
3 1 77.27 * 0.31" 34.83 + 0.40"
3 1.5 83.47 + 0.35° 42.37 + 0.45°
3 2 71.50 + 0.30™ 31.27 + 0.47™
3 2.5 64.83 + 0.55' 25.87 + 0.40%
3 3 52.23 + 0.40 18.73 = 0.25

The data are presented as means ( = SD) of three independent experiments. The
150 explants per experiment were tried for optimum callus induction. Mean
values in each column followed by the same letters are not significantly dif-
ferent by Duncan's multiple range test at P < 0.05.

callus, different concentrations of 2,4-D were studied individually also
in combination with KN. The embryogenic callus induction percentage
was higher in the LS medium augmented with 2,4-D and Kn. The ad-
dition of KN in combination with 2,4-D has been reported to improve
the embryogenic callus proliferation by influencing the cell division and
it increase cytoplasmic contents in some of the species (Bhaskaran and
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Fig. 2. In vitro developmental stages of Deep water rice cv.
TNR1 (a) Intact red mature embryos of TNR1 on LS media (b)
2nd week of embryogenic callus initiation (c¢) Subcultured
embryogenic callus (d) Enlarged view of friable pale to
yellow embryogenic callus (e & f) Emergence of green shoot
sprouts in embryogenic callus on MS media (g) Complete
plantlet regeneration after 41 days (h) Gardened TNR1 plants
in the shade house. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web
version of this article.)

Smith, 1990; Rao et al., 1988; Ceasar and Ignacimuthu, 2010; Verma
et al., 2011; Wani et al., 2011; Satish et al., 2016b). In accordance with
the previous reports, the current study showed a significant enhance-
ment on embryogenesis in recalcitrance seeds of deep water indica rice
cv. TNR1 on LS medium supplemented with 2.5mgL~! 2,4-D and
1mgL~! KN.

The higher level 2,4-D supplementation in the culture medium leads
to necrosis and the browing of callus. The addition of coconut water in
the medium helps to overcome the necrosis and callus browing during
the embrogenesis (McCann et al., 1988; Karthikeyan et al., 2011).
However, in the present study the improved embryogenic callus in-
duction and plant regeneration of recalcitrant indica rice cv. TNR1 was
stimulated by the inclusion of coconut water in the culture medium.
Similar results have been reported for enriched embryogenesis by the
addition of coconut water in plant species such as sugarcane (Ho and
Vasil, 1983; Desai et al., 2004), cacao (Pence et al., 1980), mango (Litz
et al., 1982), date palm (Al-Khayri, 2010).

The embryogenic callus was regenerated using MS medium sup-
plemented with various concentrations and combinations of auxin and
cytokinin. The combination of BAP and NAA showed maximum re-
generation frequency from seed derived callus as similar to previous
reports (Khush, 2005; Ramesh and Gupta, 2006). In our case, we got
high frequency regeneration at 3.0 mg L.~ BAP and 1.5 mg L ™' NAA in
MS media. BAP is the most effective cytokinin used for shoot re-
generation of monocot plants (Ramakrishnan et al., 2013). BAP along
with lower concentrations of NAA (1.5 mg L™ 1) showed the increased
regeneration frequency. In this current study, combination of BAP with
NAA increased the shoot induction, prolifiration and plant regenera-
tion. Similarly, BAP along with lesser concentrations of auxin promoted
a mass of green multiple shoots in finger millet (Satish et al., 2016a)
and foxtail millet (Satish et al., 2016b). In previous studies, a combi-
nation of BAP and NAA has been successfully used for efficient shoot
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Fig. 3. Comparison of germination percentage between indigenous and micropropagated seeds of deep water rice cv. TNR1.

induction and plant regeneration in various crops (Xu et al., 1984; Kaur
and Kothari, 2004; Khush, 2005; Ramesh and Gupta, 2006; Karthikeyan
et al., 2009; Wang et al., 2011).

5. Conclusion

In summary, we have developed a rapid and efficient regeneration
protocol for producing viable seeds in an indigenous Cauvery Delta
originated DWR rice TNR1. This study could be a important bio-
technological approach in conservation of endangered rice cultivars.
The presence of various stress resistance genes in this traditional crop,
will assist the developing technologies to produce new cultivars with
high yielding and multi-stress resistance.
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