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In vitro germination of somatic
embryos in date palm: Effect of auxin
concentration and strength of MS salts

Jameel M. Al-Khayri
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Al-Hassa 31982, Saudi Arabia

To characterize the germination behaviour of somatic
embryos in date palm (Phoenix dactylifera 1L.), embryos
derived from callus cultured on hormone-free medium
were inoculated on full- or half-strength Murashige
and Skoog (MS) medium supplemented with 0, 0.2,
04, 0.6, 0.8, and 1 mg ! naphthaleneacetic acid
(NAA) or indole-3-butyric acid (IBA). The embryos
either developed complete plantlets, or only shoots or
roots. The results indicate a significant interaction
between the experimental factors and response. Addition
of IBA to the culture medium generally induced
higher percentages of complete plantlets compared to
NAA at any given concentration. The optimum treat-
ment that maximized the percentage of complete plant
formation (86%), consisted of half-strength MS medium
containing 0.2 to 0.4 mg I'' IBA. Somatic embryos that
formed only shoots ranged from 2 to 26% and were
associated with NAA-containing treatments. Gene-
rally, NAA enhanced the percentage of embryos that
formed only roots, irrespective of medium strength,
whereas IBA was inhibitory particularly on half-
strength MS medium. Regardless of the germination
treatment, 80% of plantlets (192 plants) survived in
soil. This study demonstrates the possibility of reduc-
ing the length of tissue culture protocols for date palm
by merging the germination (shoot formation) and
rooting to a one-step procedure.

DATE palm (Phoenix dactylifera L.), an economically
important commodity, is a monocotyledonous tree widely
cultivated in arid regions of the Middle East and North
Africa. In vitro micropropagation is increasingly becom-
ing an attractive alternative for large-scale propagation
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of date palm. In vitro plant regeneration of date palm
occurs through organogenesis and somatic embryogene-
sis depending on genotype and hormonal manipulations.
Explants, including zygotic embryos, shoot tips and late-
ral buds appear to be most responsive for in vitro culture
of date palm'. Somatic embryogenesis from shoot tip-
derived callus has been viewed as the most appealing
process for date palm regeneration2’7. This method has
proved feasibility and agronomic acceptability justifying
scale-up of micropropagation for commercial purposes®.
A typical somatic embryogenesis protocol for date palm
involves a series of consecutive stages beginning with cal-
lus induction, embryogenic callus multiplication, somatic
embryo formation, somatic embryo germination (shoot
formation from embryos) and finally rooting. The com-
plexity of the system is magnified by the requirement for
different hormonal compositions and lengthy incubation
periods associated with each stage, which can be three
months. The total incubation translates to periods reach-
ing up to a year or more in some cultivars, to obtain com-
plete plantlets. In addition, another six to 12 months are
required in greenhouse nursery before transplanting to the
field. Therefore, it is of paramount importance to eva-
luate the potential of reducing this period so as to enhance
the feasibility of commercial micropropagation. This
study therefore was conducted to examine the potential of
germinating somatic embryos directly on rooting medium.
This would allow merging the lateral two stages of cul-
ture system, shoot development and rooting.

Previous studies have shown that maturation of somatic
embryo, germination, in vitro rooting and plant estab-
lishment can be influenced by various in vitro factors,
including solidifying agent, auxin concentration and
medium strength in tissue culture systems of numerous
plant species’ . Limited studies, however, addressed
factors affecting the formation and germination of somatic
embryos in date palm such as temporary sucrose starva-
tion’ and augmenting the culture medium with silver
nitrate'* or biotin’. The current study characterized the
germination behaviour of date palm somatic embryos and
plant establishment in response to salt strength of the
medium and various concentrations of indole-3-butyric
acid (IBA) and naphthaleneacetic acid (NAA).
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Shoot-tip explant preparation, callus initiation and
somatic embryogenesis were conducted according to pre-
viously described procedures”'*. Callus maintained on a
medium containing 10 mg 1" NAA (53.7 uM) and 1.5 mg
"' 2iP (7.4 uM) was induced to form somatic embryos by
culturing on a hormone-free medium. The medium con-
sisted of Murashige and Skoog (MS)" salts supple-
mented with (in mg ") 170 NaH,PO,, 125 myo-inositol,
200 glutamine, 100 ascorbic acid, 100 citric acid, 1 thia-
mine-HCI, 1 nicotinic acid, 1 pyridoxine-HCI, 2 glycine,
1 calcium pentothenate, 1 biotin, and 30 gl’1 sucrose.
The medium was solidified with 30 g I agar (purified
agar-agar/gum agar; Sigma), adjusted to pH 5.7 with 1 N
KOH, dispensed in 125 ml flasks (25 ml per flask),
capped with aluminum foil and autoclaved for 15 min at
121°C and 1x 10’ Pa (1.1 kgcm ™). The cultures were
incubated at 24 + 3°C in 16-h photoperiods (50 pmol m™
*s7!) and transferred to a fresh medium every four weeks
for 12 weeks.

The resultant embryos, 1 to 2 cm long, were collected
from regeneration cultures and inoculated vertically on
the germination treatments. The germination media con-
sisted of either full- or half-strength MS salts supple-
mented with 0, 0.2, 0.4, 0.6, 0.8, and 1 mg I'' of either
NAA (0, 1.07, 2.15, 3.22, 4.28, 5.37 uM) or IBA (0, 0.98,
1.97, 2.96, 3. 94, 4.93 uM). Other additives added to the
germination medium were identical to those described
above, but solidified with 2 g I"' phytagel (Sigma).

The experiment was set up as a 2 x 2 x 6 factorial
design with salt concentration, auxin type and auxin con-
centration as main factors. Each germination treatment
consisted of 50 embryos (10 embryos per flask). The res-
ponse was assessed 12 weeks later, including number of
embryos that formed complete plantlets, those that
formed only shoots and those with only roots. Data were
subjected to analysis of variance (ANOVA) and the means
were separated, where appropriate, using the least signi-
ficant difference (LSD) at 5% significance. Transforma-
tion of the proportion data was not necessary. Observations
were confirmed by repeating the experiment twice.

Whole plantlets were transferred to soil to detect any
correlation between in vitro germination treatments and
survivability ex vitro. For acclimatization, the plantlets
were removed from the tubes, the agar was carefully
washed from the roots, placed in a beaker containing
enough water to keep the roots submerged, and covered
with plastic bags to maintain humidity. After five days,
the covering was removed and after another three days,
they were treated with 500 mg I"' Benlate fungicide and
planted in S5-cm plastic pots containing potting mix (1
soil : 1 peat moss: 1 vermiculite). The plantlets were
watered weekly with 100 mg ™' N-P-K fertilizer (20—
20-20) and kept in the culture room for eight weeks after
which they were transferred to a greenhouse. The number
of plants survived in relation to the germination treat-
ments was noted.

Somatic embryogenesis and germination leading to plant
establishment in monocotyledonous species is usually
accomplished on hormone-free medium, where both shoots
and roots develop simultaneously'®. In date palm, how-
ever, embryos cultured on a hormone-free medium often
produce shoots only and require another step for rooting
and shoot elongation, usually on a medium enriched with
NAA™" In the current study, embryos cultured on
germination media responded by forming either complete
plantlets, shoots only or roots only. Germination com-
menced within four weeks, but the cultures were main-
tained for additional eight weeks to maximize the number
of responding embryos.

The percentage of embryos that formed complete plant-
lets ranged from 12 to 86% depending upon the treatment.
When the medium was devoid of growth regulators, the
strength of MS salt had no significant effect on germi-
nation, since full- and half-strength produced 48 and 43%
plantlets respectively. The addition of auxins modified
this effect causing a significant interaction between MS
salts, auxin type and auxin concentration (Table 1). In
general, data have shown that IBA resulted in higher per-
centages of complete plantlets compared to NAA, and
that half-strength MS salt was superior to full strength

Table 1. Analysis of variance for the effect of MS medium strength, auxin type (IBA and NAA) and
auxin concentration on germination response of date palm somatic embryos
Embryos Embryos Embryos
that formed plantlets that formed shoots only  that formed roots only
Factor df MS P-value MS P-value MS P-value
MS medium strength 1 300.83 0.0047 187.50 0.0056 13.33 0.5479
Auxin type 1 37807.50 0.0001 4440.83 0.0001 16333.33 0.0001
Auxin concentration 5 461.50 0.0001 388.83 0.0001 495.33 0.0001
MS strength x auxin type 1 5200.83 0.0001 440.83 0.0001 2613.33 0.0001
MS strength x auxin concentration 5 150.83 0.0017 71.50 0.0131 271.33 0.0001
Auxin type x auxin concentration 5 2037.50 0.0001 488.83 0.0001 1323.33 0.0001
MS x auxin type X auxin concentration 5 666.33 0.0001 120.83 0.0003 883.33 0.0001
Error 96 35.83 - 23.33 - 36.67 -

P-values less than 0.05 are significant.
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salt (Figure 1 a). When full-strength MS medium was
used, the percentage of complete plantlets decreased as
the concentration of NAA increased. At low NAA con-
centration, 0.2 mg 1", germination inhibition was not sig-
nificant; however, as the concentration was increased to
0.4 mg 1", a significant reduction in the number of com-
plete plants was observed. Further, increase of NAA to
0.6 mg 1" caused no further reduction, but at 0.8 mg 1
NAA additional decrease occurred and then levelled-
off at 1 mg I". These observations suggest that NAA
was inhibitory to the germination processes of date-
palm somatic embryos at the levels tested. It may be
necessary to test NAA concentrations lower than
0.2mgl'. Germination inhibition associated with
NAA was also observed with half-strength MS medium
(Figure 1 a).
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Figure 1. Effect of MS salt strength and auxin (NAA and IBA) con-
centration on germination of somatic embryos of date palm (Phoenix
dactylifera). Percentage of embryos that formed complete plants {(a),
shoots only (b), and roots only {(c).
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In contrast, stimulation of embryos to produce com-
plete plants was observed in response to increasing IBA
concentration with full-strength MS salt (Figure 1 a).
Adding 1 mg "' IBA caused no significant change in the
percentage of complete plant formation. The best results
were obtained when half-strength MS medium was aug-
mented with 0.2 to 0.4 mgl"' IBA (Figure 1a). Com-
pared to the hormone-free control, addition of 0.2 mg 1™
IBA resulted in a significant increase in the formation of
whole plants. Further, increase in the concentration of
IBA to 0.4 slightly increased the percentage of complete
plant formation reaching a maximum of 86%. However,
beyond this IBA concentration a reduction in the percen-
tage of complete plant formation was observed. Data
on the germination percentage of date-palm somatic em-
bryos are unavailable in most previous literature. Never-
theless, Tisserat® obtained germination rate of 5 to 15%,
and Veramendi and Navarro® reported 10%. Compared to
previous rates, the current study clearly demonstrated a
significant improvement in the germination of date-palm
somatic embryos.

A proportion of somatic embryos failed to germinate
into complete plantlets. Instead, they formed either shoots
or roots. According to ANOVA, these two responses were
significantly influenced by an interaction between MS
salt strength, auxin type and auxin concentration (Table
1). Somatic embryos that formed only shoots without
root systems ranged from 2 to 26% of the total embryos
cultured (Figure 15b). These shoots can be routinely
rooted by subsequent transfer to a medium supplemented
with 0.2 mg "' NAA"". The majority of the embryos
forming shoots were associated more with NAA-contain-
ing treatments compared to IBA-containing treatments.
In comparison to the NAA-free control, NAA at 1 mg 1
caused a significant increase in shoot formation when
full-strength MS was used. With half-strength MS, NAA
at 0.2mgl" significantly increased the percentage of
embryos that formed shoots. Results have shown that
at any given NAA concentration, except 1 mg 1", half-
strength MS stimulated more embryos to develop shoots
compared to the full-strength medium. In contrast, IBA
had significant effect on shoot formation only at 0.8
and 1 mgl"' when added to half-strength MS medium
(Figure 1 b).

The remaining somatic embryos that failed to form
complete plantlets or shoots developed roots only. These
ranged from 12 to 70%, depending upon the hormonal
supplement and MS salt strength. Generally, NAA en-
hanced root formation irrespective of medium strength
(Figure 1 ¢). In contrast, IBA reduced the percentage of
embryos that formed roots, particularly on half-strength
medium. Since no shoot growth developed from these
embryos, they were considered unviable.

Embryos that germinated into complete plants exhi-
bited well-developed shoot and root systems. They requi-
red 2 to 3 months to reach 8 to 10 cm, a suitable size for
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transfer to soil. Acclimatization conditions yielded 80%
survivable rate (192 plantlets), irrespective of the germi-
nation treatment. The plants grew normally in soil and
appeared to exhibit normal phenotype.

In conclusion, this study has demonstrated the possibi-
lity of reducing the length of the date-palm tissue culture
protocols by merging the germination and rooting stages.
This eliminates the need to transfer shoots obtained from
somatic embryos to rooting medium. The optimum treat-
ment suitable to produce maximum number of complete
plants consists of half-strength MS salt supplemented
with 0.2 to 0.4 mg "' IBA. Examining the effectiveness
of this procedure in other date-palm genotypes is worthy
of future research.

1. Omar, M. S., Hameed, M. K. and Al-Rawi, M. S., Biotechnology
in Agriculture and Forestry, Protoplast and Genetic Engineering
(ed. Bajaj, Y. P. S.), Springer-Verlag, Berlin, 1992, vol. 18,
pp- 471-492.

2. Sharma, D. R., Dawra, S. and Chowdhury, J. B., Indian J. Exp.
Biol., 1984, 22, 596-598.

3. Dass, H. C., Kaul, R. K., Joshi, S. P. and Bhansali, R. R., Curr.
Sci., 1989, 58, 22-24.

4. El Hadrami, R. C. and Baziz, M., Biol. Plant., 1995, 37, 205—
211.

5. Veramendi, J. and Navarro, L., Plant Cell Tiss. Org. Cult., 1996,
45, 159-164.

6. Tisserat, B., Euphytica, 1982, 31, 201-214.

7. Al-Khayri, J. M., In Vitro Cell. Dev. Biol. — Plant, 2001, 37, 453—
456.

8. Smith, R.. J. and Aynsley, J. S., Principes, 1995, 39, 47-52.

9. Huang, F. H., Al-Khayri, J. M. and Gbur, E. E., In Vitro Cell. Dev.
Biol. — Plant, 1992, 30, 70-74.

10. Klimaszewska, K. and Smith, D. R., Physiol. Plant., 1997, 100,
649-957.

11. Kooi, L. T., Keng, C. L. and Hoe, C. T. K., In Vitro Cell. Dev.
Biol. — Plant, 1999, 35, 396-400.

12. Sha Valli Khan, P. S., Hausman, J. F. and Rao, K. R., Biol. Plant.,
1999, 43, 321-480.

13. Pretto, F. R. and Santarem, E. R., Plant Cell Tiss. Org. Cult.,
2000, 62, 107-113.

14. Al-Khayri, J. M.. and Al-Bahrany, A.. M., Sci. Hortic., 2001, 89,
291-298.

15. Murashige, T. and Skoog, F., Physiol. Plant., 1962, 15, 473-497.

16. Swati, J., Alok, V., Kothari, S. L., Jain, S. and Varshney, A.,
Cereal Res. Commun., 2001, 29, 313-320.

17. Tisserat, B., HortScience, 1984, 19, 230-231.

18. Omar, M. S. and Novak, F. J., Plant Cell Tiss. Org. Cult., 1990,
20, 185-190.

ACKNOWLEDGEMENTS. I thank Mr Mohammed A. Abu-Ali for
technical assistance and Dr Abdulaziz M. Al-Bahrany for scientific
collaboration. This project was supported by a grant from Deanship of
Scientific Research, King Faisal University, Saudi Arabia.

Received 21 May 2002; revised accepted 16 November 2002

CURRENT SCIENCE, VOL. 84, NO. 5, 10 MARCH 2003

ISSR and SSR markers based on AG
and GA repeats delineate geographi-
cally diverse Oryza nivara accessions
and reveal rare alleles
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Oryza nivara is one of the closest wild progenitors of
O. sativa. Genetic diversity among 24 accessions of O.
nivara from 11 states of India and four O. sativa varie-
ties one each from Glaszmann’s isozyme groups I, II,
V and VI were analysed using ISSR- and SSR-PCR.
The primers based on AG and GA repeats were in-
formative; their resolving power ranged from 4.2 to
10.8 and polymorphism information content from 0.64
to 0.89. They could together enable grouping acces-
sions on a geographical basis. Ten alleles out of 40
amplified at 6 loci were unique to an accession. Two
accessions each from UP and Bihar and one from
Madhya Pradesh were distinct from other accessions.
O. nivara alleles in common with Jaya, Dular, Basmati
370 and Taipei 309 were identified. The use of such
informative primers helps reduce time, cost and
labour involved in studies on phylogeny and germ-
plasm management.

ORYZ4 nivara Sharma et Shastry (syn O. rufipogon
annual form, AA, 2n = 24) is the closest wild relative and
progenitor of O. sativa. It grows around rice fields and in
seasonal ponds in South and Southeast Asia'. In India, it
grows abundantly in the Central Gangetic Plain and the
Deccan plateau, sparsely in southern states and is rare in
the northeastern states’. O. nivara has contributed sub-
stantially to rice improvement programmes. It provided a
rare major dominant gene for resistance to grassy stunt
virus® and is a new source of cytoplasmic male sterility”.
The genetic diversity of Indian O. nivara is estimated to
be high based on morphological characters’. Based on
crosses and F, pollen sterility among different popula-
tions of Indian O. nivara and aus, aman, japonica and
Jjavanica ecotypes of O. sativa, it was proposed that aus
and japonica types originated directly from two different
populations of O. nivara, and introgression of rufipogon
characters into aus might have given rise to aman eco-
type®. There is no molecular evidence to support this
hypothesis. On one hand, the diversity in O. nivara con-
tinues to be enriched by intercrossing with cultivars and
other hybrid swarms (spontanea), all of which frequently
grow around rice fields'. On the other hand, there is
increasing concern about their extinction from native
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