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Abstract: Date palm (Phoenix dactylifera L.) is one of the most importan tree crops in the deserts which is a
tree high economic and commercial values. This study was performed to micro propagate of date palm cv.
Ghazal via somatic embryogenesis. Although, it was conducted to examine different concentration of silver
nitrate (SN) and silver thiosulfate (STS) for their effect on somatic embryogenesis development of date palm. In
this context, the obtained results indicated that, all silver treatments, whether nitrate or thiosulfate, had a
positive effect. The highest number, length and growth value of somatic embryos formed are obtained from
embryogenic celli cultured on Murashige and Skoog (MS) medium supplemented with 2.0 mg/l SN or 1.0 ml/I
STS. Moreover, the results have shown that the SN at 4.0 mg/l or 2.0 ml/l promoted the growth, proliferation,
maturation and germination of somatic embryos of date palm. 80 and 82.2% of embryos had differentiated and
germinated to plantlets when re-cultured on the same previously medium. While, the medium supplied with full -
strength MS medium with 1.0 mg/l IBA and 1.0 mg/l SN or 0.5 ml/l STS showed superiority in the number of
roots and their length in comparison with the other treatments. High frequencies of survival rates in greenhouse
conditions were obtained after acclimatized and transferred to pots containing a mixture of peat moss and
perlite at equal volume. Accordingly, these results suggest that adding silver nitrate or silver thiosulfate to the
culture medium of date palm cv.Ghazal may be beneficial to improve the somatic embryogenesis growth
performance and their developed for this cultivar.
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I.  Introduction

Micropropagation of date palm can be achieved through either somatic embryogenesis or direct
organogenesis. Somatic embryogenesis is characterized by the development of somatic cell into an embryo with
a bipolar structure, leading to shoot and root formation. It is considered as the most efficient regeneration
process for date palm Micropropagation (Al- Khayri, 2011 a). Several studies were conducted to optimize
somatic embryogenesis of date palm through the manipulation of culture medium ingredients including plant
growth regulators (kurup et al.,2014), folic and biotin (Diab, 2015); casein hydrolysate (Al-Khayri 2011b);
polyethylene glycol (AL-Khateeb and Ghazzawy, 2015) and silver nitrate as an inhibitor of ethylene (Al-Khayri
and Al- Bahrany, 2004). The role of ethylene in plant tissue culture is not clear, although it can change the
organogenic capacity of explants in vitro. Ethylene is a gaseous plant hormone involved in many aspects of
plant life cycle such as seed germination, tissue differentiation, the formation of shoot and root primordial
(Bleeker and Kende, 2000; Sridhar et al.,2011). Ethylene accumulation was found to be effected by tubes or jars
closure method, gases exchange level and flaming. Ethylene accumulation cause culture growth inhibition (Mele
etal., 1982).

Since silver ions inhibit the action of ethylene, both silver thiosulfate (STS) (Ag2S203) and silver
nitrate (SN) (AgNO3) are effective in preventing ethylene action although the last is much more effective
because it is reading translocated (Pierik, 1999). Kumar et al., 2009 indicated that silver ions were reducing the
ability of receptors to bind ethylene with this observations water solubility and the absence of plant toxicity in
an effective concentration led to its application in plant tissues. Silver nitrate (AgNO3) also induce growth,
improved callus proliferation, embryogenic callus initiation and enhanced somatic embryogenesis (Adkins et
al.,1993; Al- Khayri and AL-Bahrany, 2001 and 2004). Moreover, Silver nitrate was efficient plant regeneration
from leaf of rapeseed (Brassica napus) (Akasaka et al., 2005). However, the use of silver thiosulfate has not yet
been reported in date palm via indirect somatic embryogenesis. Therefore in this context, the aim of this study
was to examine the effect of silver nitrate (SN) and silver thiosulfate (STS) at different concentrations on
embryogenic callus growth and somatic embryogenesis of date palm cv. Ghazal.
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Il. Material And Methods

Explant preparation, sterilization processes and embryo formation of date palm cv. Ghazal were
implemented according to procedure described previously by Diab (2015). Surface sterilized explants were
inoculated onto initiation culture medium consists of Murashige and Skoog (1962) basal medium (MS)
supplemented with (per litre). 40mg adenine sulfate, 170mg sodium dihydrogen or the phosphate (Na H, PO,),
200mg glutamine, 0.5 mg thiamine- HCI, 1mg nicotinic acid, 30g sucrose and 2g gelrite. This basal medium
was used throughout the system with modification made according to each stage, the best medium for callus
induction was modified MS contained (per litre) 100 mg 2,4 — dichlorophenoxy acetic acid (2, 4-D), 3 mg 2-
isopentenyladenine (2iP), 0.1 mg folic acid (vitamin B9), 0.5 mg biotin (vitamin H) and 3g activated charcoal
(AC). This cultures were incubated at content temperature 27+ 2°C under complete darkness for eight months
and regular transfer to the same component fresh medium every 6 weeks. At the end of this period, the highest
value of embryogenic callus formed when was cultured on modified MS medium supplemented with (per litre)
10mg. 2,4-D, 3mg 2iP, 0.5 mg folic acid and 1.0 mg biotin. The embryogenic calli were formed and then
transferred to MS medium containing (per litre) 0.1 mg naphthalene acetic acid (NAA), 0.5 mg folic acid and
1.0 mg biotin to obtained somatic embryos formation. To test the effect of silver nitrate (SN) and silver
thiosulfate (STS) on somatic embryogenesis growth and development. For embryos formation, embryogenic
callus (0.3g) was cultured on MS medium (the same previously medium composition) containing AgNO3 at 0.0,
0.25, 0.5, 1.0, 2.0, 4.0 and 8.0 mg/l or Ag,S,0sat 0.0, 0.25, 0.5, 1.5, 2.0, 4.0 and 8.0 ml/l. Each treatment
consisted of three replicates and each one contained three jars. All cultures were incubated in a growth room at
27+ 2°C under 16-hours daily exposure to low light intensity of photoperiod (13.5 p mol m? s™ illumination.
After 6 weeks, average number of somatic embryo and their length and growth values of embryos were
recorded. For maturation and proliferation, a small cluster containing 3-4 embryos inoculated in the same
medium composition and incubated in a growth room at 27+ 2°C with 16-hours photoperiod (40.5 pu mol m?s™)
under cool white florescent lamps. Average number, length and growth value (GV) of embryos were recorded.

Final fresh weight - Intial fresh weight .
(Gv )= (Ziv ,1992 )
Initial  fresh weight

After 12 weeks of culturing, for germination of somatic embryos, the percentage of the germinated
embryos in response to AgNO; or Ag,S,0; at different concentrations 0.0, 0.25, 0.5, 1.0, 2.0, 4.0 and 8.0 mg/I
or ml/l, respectively were calculated based on the total embryos regenerated in each treatment.

For rooting stage, an individual shoot of cv. Ghazal, 7-9 cm in length with 2-3 leaves were cultured on
full-strength MS medium supplemented with the previously mentioned concentrations of AgNO; (SN) or
Ag,S,0; (STS) addition to 1.0 mg/l NAA. All culture tubes were incubated at 27+ 2°C for 8 weeks (4 weeks
intervals) in growth room under a 16 hours illumination of 40.5 u mol m™ s™. Nine glass tubes (replicates) were
used for each treatment. After eight weeks, average number of roots /shoot and average root length (cm) growth
were recorded. Plantlets resulted from the rooting previous stage were acclimatized on pots containing a mixture
of peat moss and perlit at equal volume.

Experimental Design and Statistical Analysis of Data:

The experiments were subjected to completely randomized design. Analysis of variance (ANOVA) and
Duncan’s multiple range test (Duncan, 1955), as modified by Snedecor and Cochran (1982), were performed to
analyze the obtained data. The differences among averages of the recorded parameters for all treatments were
tested for significance at 5% level, averages followed by the same latter are not significantly different at P<0.05.

I11. Results And Discussion
Effect of different concentrations of silver nitrate (SN) and silver thiosulfate (STS) on somatic embryo
formation (the number, length and growth value of embryos) of date palm cv. Ghazal after 6 weeks from culture
is presented in Tables 1 and 2. Embryogenic callus (0.3g), Fig.1, which produced from early stages of growth,
were transferred onto fresh medium supplemented with 0.1 mg/l NAA continued to differentiate embryogenic
callus, develop somatic embryos and its formation.

Figurel. Somatic embryogenic callus from shoot tip explants of date palm cv. Ghazal.
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Data in Table 1 and Fig.2B revealed that increase in the concentration of SN gradually to 2.0 mg/l led
to a marked increase in the number and length of the embryo compared to the control treatment. In this respect,
the embryos number gave the highest significant value (4.17 embryos/culture) and highest average length of
embryos (1.94cm) on MS medium supplemented with 2.0 mg/l SN compared with the other treatments. While,
the lowest number of embryos was recorded on MS medium containing 8.0 mg/l SN (0.67 embryos/culture) and
the lowest without significant average embryos length were 0.85 and 0.88 cm on the media containing 4.0 or 8.0
mg/l SN, respectively.

Table (1): Effect of different concentrations of AGNO; (SN) + 0.1 mg/l NAA on embryogenic callus
differentiation and development of date palm cv. Ghazal, cultured in vitro after 6 weeks

AgNO;(SN) Average Average length of Growth value
Concentrations number of embryo/ culture (GV)
(mg/l) embryos/ culture (cm)
0.0 2.33e 1.00e 1.66¢e
0.25 3.17d 1.30d 1.83d
0.50 350¢c 142¢ 2.20c
1.0 3.83b 1.67b 2.80b
2.0 417 a 194a 3.8la
4.0 1.17f 0.85f 112 f
8.0 0.67¢g 0.88 f 1.16 f

Means within a column followed by the same letters are not significantly different at p<0.05
Data presented in Table (1) also reveal the effect of 0.1 mg/l NAA and different concentrations of SN
on growth value (GV) of differentiated somatic embryos of date palm. The highest growth value was occurred
in response to 2.0 mg/l SN (3.81), followed by 1.0 mg/l SN where GV was 2.80 compared to the control (1.66).
Whereas, the high concentrations (4.0 or 8.0 mg/l) SN have not a significant differences among of them and
were less effective than SN treatments (1.12 and 1.16), respectively.

Figure 2. Somatic embryos formation of date palm cv. Ghazal.

A. Control treatment.

B. MS medium supplemented with 2.0 mg/l SN.

C. MS medium supplemented with 1.0 ml/I STS.

Although, data in Table 2 and Fig. 2C illustrated the similar trend in the results regarding the effect of
STS at different concentrations and 0.1 mg/l NAA on each of the number, length and growth value of embryos.
MS medium supplemented with 1.0 mg/l STS was recorded the best result compared with other concentrations,
where it was 4.33 embryos/ culture.
Table (2): Effect of different concentrations of Ag,S,03 (STS) + 0.1 mg/l NAA on embryogenic callus
differentiation and development of date palm cv. Ghazal, cultured in vitro after 6 weeks

Ag,S;03 (STS) Average Average length of
Concentrations number of embryo/ culture Growth value
(ml/) embryos/ culture (cm) (GV)
0.0 2.33d 1.13e 1.73f
0.25 2.83¢c 150¢c 1.93d
0.5 3.67b 1.75b 2.33¢c
1.0 4.33a 1.97a 3.86a
2.0 2.37d 1.32d 2.84b
4.0 150e 1.00 f 1.83¢e
8.0 117 f 0.96 f 1.88 de

Means within a column followed by the same letters are not significantly different at p<0.05

As well as, the average length of embryos was affected also by STS concentration, it ranged from 1.32
to 1.97 cm at concentrations lower than 4.0 ml/l and the control treatment, where it was 1.13 cm increasing STS
concentration to 8.0 ml/l decreased the average length. So, the MS medium supplemented with 1.0 ml/l STS was
the best greatest activity medium to improve the average length of embryo, which reached 1.97 cm and caused a
significant increase in the GV compared with control treatment (1.73).

Finally, from previously data in Tables (1 and 2), it could be concluded that the MS medium
supplemented with 0.1 mg/l NAA and 2.0 mg/l (SN) or 1.0 ml/I (STS) were suitable, more effective for embryos
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formation (differentiation) and which gave the best results for embryos number (4.17 and 4.33 embryos/ culture)
with average embryos length (1.94 and 1.97 cm) and GV (3.81 and 3.86) of date palm cv.Ghazal, respectively.
These results are in agreement with those found by Songstad et al., (1988) have shown that the plantlets number
of maize plant produced from embryogenic callus increased in response to increasing the concentration of SN.
Similarly, Roustan et al., (1990) have shown that SN increased the number of carrot somatic embryos. In a
study on date palm, Al-Khayri and AL-Bahrany (2001) also reported that embryogenesis increased in response
to low level of SN but at higher concentrations, the number of embryos decreased. Conversely, in another study
on the coffee, Hatanaka et al., (1995) have shown that embryo formation was completely absent in response to
the addition of SN. This suggests that the promotive action of SN is related to the plant species. The above
results indicated that SN or STS promote and growth of date palm in vitro. This might be due to the role of Ag*
ions which overcome the action and metabolism of ethylene (Beyer, 1979). Ethylene is known to inhibit and
sometime stimulate in vitro growth and morphogenesis depending upon the species and culture stage (Kumar et
al., 1998). Ag® ions play also major role in influencing somatic embryogenesis, shoot formation and efficient
root formation (Bais et al.,2001).Similar results have also been reported by Al-Khayri and Al-Bahrany (2001),
they found that SN promoted callus proliferation, increased embryogenic callus weight in the absence of
cytokinin, enhanced the formation and elongation of somatic embryos of date palm. They added, the action of
SN was clearly modified by the addition of 2iP. The number of resultant embryos was the highest and caused
maximum elongation on 25uM (4.3 mg/l) SN in combination with 0.5uM (0.1 mg/l) 2iP.

Effect of different concentrations of SN and STS on embryos growth and development (proliferation of
white embryos) of date palm cv. Ghazal after 12 weeks from culture is presented in Tables (3 and 4). From data
presented in Table 3 and Fig. 3B, it is clear that the increasing of SN concentration until 4.0 mg/l, the average
number and length of embryos increased.

Table (3): Effect of different concentrations of AgNoz (SN) + 0.1mg/l NAA on growth and development of
embryos (Proliferation and maturation) of date palm cv. Ghazal cultured in vitro after 12 weeks

AgNO; Average Average length Growth value
Concentrations number of of embryo/culture (GV)
(mg/l) embryos/ culture (cm)
0.0 3.44 f 1.93f 2.06 e
0.25 5.67¢ 2.35e 2.20d
0.50 6.56d 242d 240¢c
1.0 7.33¢c 5.46b 451b
2.0 7.89b 4.67c 4.55 b
4.0 8.44a 5.53a 4.86 a
8.0 317¢g 1429 1.83f

Means within a column followed by the same letters are not significantly different at p<0.05
The highest significant number (8.44 embryos) and highest average length of embryos (5.35 cm) with
the highest GV (4.86) were obtained on 4.0 mg/l SN, as compared to control treatment, where it was 3.44
embryos with the shortest embryo (with a mean length of 1.93cm). While, significant number, length and GV
were recorded on 8.0 mg/l SN which gave 3.17 embryos with average length 1.42 cm and low of GV(1.83).

Figure 3. Somatic embryos growth and development (embryos proliferation and maturation)
of date palm cv Ghazal.
A. Control treatment.
B. MS medium supplemented with 4.0 mg/lI SN.
C. MS medium supplemented with 2.0 ml/I STS.
Other treatments were more effective than control treatment, where the number and average length of
embryos ranged from 5.67 to 7.89 embryos and from 2.35 to 5.46 cm, respectively. Also, data presented in
Table 4 show the same trend in the results.
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Table (4): Effect of different concentrations of Ag,S,03+0.1 mg/l NAA on growth and development of
embryos (proliferation and maturation) of date palm cv. Ghazal, cultured in vitro after 12 weeks

AGoS,0s (S.TS) Average Average length of Growth
concentrations number of embryo/ culture value
(ml/1) embryos/ culture (cm) (GV)
0.0 3449 1.93f 2.19f
0.25 6.89d 2.36e 2.85e
0.5 767¢ 3.70¢c 2.94d
1.0 8.22b 4.92b 3.08¢c
2.0 8.78a 5.84a 452b
4.0 6.11e 3.00d 543a
8.0 4.78f 197 f 4.48b

Means within a column followed by the same letters are not significantly different at p<0.05

The addition of STS enhanced embryogenesis, the number of consequent embryos increased in
response to increasing STS concentration. The highest significant number and average length of embryos (8.78
embryos and 5.84 cm) were recorded on medium supplemented with 2.0 ml/1 STS (Fig.3C). While, the lowest
significant number of embryos was recorded on control treatment which gave 3.44 embryos with average length
of 1.93 cm. Other treatments were produced intermediate significant values between the highest and lowest
values. Regarding the growth value, higher significant of GV was obtained on 4.0 ml/l STS (5.43) followed by
2.0 and 8.0 ml/l STS where GV were 4.52 and 4.48, respectively, without significant difference in between.
While, the lowest significant GV of embryos was recorded on control treatment which gave value of 2.19. Other
treatments (from 0.25 to 1.0 mg/l STS) given intermediate values and it ranged from 2.85 to 3.08.

Generally, from the previous data in Tables, (3 and 4) it could be concluded that, the medium with SN
at 4.0 mg/l or STS at 2.0 ml/l improved the number, length and GV of embryos. AgNO3 is a potent inhibitor of
ethylene action and it is considered to suppress shoot organogenesis in vitro. Zhao and Davis (2005) considered
that the increased of shoot regeneration frequency by SN is caused by the interruption of an ethylene signal
transduction pathway. The positive effect of SN on shoot regeneration has already been reported for a number of
plant including black cherry (Lui and Pijut 2008); French plum cultivar (Petri and Scorza, 2010). sesame
(Abdellatef et al., 2010); tomato (Osman and Khalafalla, 2010); Potato (Sandra and Maira, 2013) and Cherry
rootstocks (Sarropoulou et al., 2016). Moreover, increase in shoot regeneration and leaf chlorophyll content
when SN was added to banana culture medium. The highest number of shoots per explant, shoot length and leaf
surface area were obtained when medium was supplemented with 10 mg/l SN (Tamimi, 2015). In the same
trend, Bekheet (2013) found that supplementation of culture medium with SN combined with 2iP enhanced
shoot bud multiplication of date palm cv. Zaghlool presented as number and length. The concentration of 5 mg/I
SN was the most effective in the induction of multiple shoot buds compared to other concentrations. Whereas,
Bader and Khierallah (2009) found that the addition of STS at 90 M to culture medium gave the best result for
adventitious bud formation and highest average of shoots number for cvs. Barhi and Maktom. In the same
direction, Panathula et al., (2014) reported that silver thiosulphate enhanced in vitro regeneration of Centella
asiatica L. when added to culture medium. Somatic embryos germination was observed in all examined silver
treatments either STS or SN and the germination percent varied from 51.1 to 82.2% (Table 5).

Table (5): Effect of different concentrations of AgNO; (SN) and Ag,S,05; (STS) on germination of
somatic embryos percentage of date palm cv. Ghazal

AgNOs; (SN) Embryo germination
concentrations (mg/l) percentage (%)

0.0 51.1¢

0.25 60.0 e

0.5 64.4d

1.0 66.7 c

2.0 75.6 b

4.0 80.0a

8.0 53.3f
Ag2S203 (STS)
concentrations (ml/1)

0.0 51.1¢

0.25 64.4d

0.5 68.9 ¢

1.0 77.8b

2.0 82.2a

4.0 62.2 e

8.0 55.6 f

Means within a column followed by the same letters are not significantly different at p<0.05
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The culture medium supplemented with SN at 2.0 mg/l and STS at 4.0 ml/l gave the highest percentages of
somatic embryos germination (80 and 82.2%), respectively, compared to the other treatments (Fig. 4).

——

Figure 4. Somatic embryos germination of date palm cv. Ghazal (enhanced germination percentage of
embryos with both silver compounants).

Nevertheless, the control treatment gave the lowest percentage of germination (51.1%). The embryo
germination percentage increased linearly with increasing concentration for both silver until treatment with 4.0
mg/l SN or 2.0 ml/I STS. Except for treatment with SN at 8.0 mg/l and STS at 4.0 or 8.0 ml/l were a significant
decrease of embryo germination. Whereas, the concentration above 8 mg/l SN or 8.0 ml/l STS gave negative
results and eventually embryos died (data not shown). At same time, the matured embryos were produced a
shoots dark green color (Fig.5) and few thin and weak roots after four weeks. This observed is in agreement
with these obtained by Hassanen and Gabr (2013) who observed that leaves of prcan became dark green color
add NS to MS medium. Removal of germinating embryos and the next experiment allowed fast growth of
individual embryos and their development into whole plantlets (7-9 cm in length) cultured in vitro after four
weeks, where transferred to rooting stage.

Figure 5. Matured somatic embryos showing shoots dark green color of date palm cv. Ghazal.

To improve in vitro rooting, data presented in Tables (6 and 7) clearly show the Effect of different
concentrations of SN and STS on the in vitro rooting for shoots of date palm cv. Ghazal after four weeks. The
response was more pronounced with rooting percentage, where all treatments resulted in 100% rooting (data not
shown). Data in Table 6 show the effect of seven concentrations of SN added to MS rooting medium
supplemented with 1.0 mg/l NAA on rooting measurements (average humber of roots/ shoot and average root
length). Data clearly show that SN at 1.0 mg/l gave the highest significant average roots number (5.78) with
significant average length (5.03 cm) (Fig. 6B), followed by 2.0 and 0.5 mg/l SN (4.44 and 3.78 roots/ shoot) and
(4.33 and 3.89 cm length of roots), respectively with in significant difference in between.

Table (6): Effect of different concentrations of AgNO; (SN) on average number and length of roots/ shoot of
date palm cv. Ghazal

AgNO; (SN) concentrations Average Average length of root
(mgl/l) number of roots/ shoot (cm)
0.0 1.67¢g 1.00g
0.25 1.78f 2.78 d
0.50 3.78 ¢ 3.89¢
1.0 5.78 a 5.03a
2.0 4.44 b 4.33b
4.0 2.11d 1.64f
8.0 1.89¢e 1.33 e

Means within a column followed by the same letters are not significantly different at p<0.05

While, the lowest significant values were observed by using medium without SN (control treatment) (1.67
roots/ shoot and 1.0 cm length). Other treatments were efficient than control treatment, where the number of
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roots ranged from 1.78 to 4.44 roots/ shoot and their length ranged from 1.33 to 4.33 cm with significant
difference in between. Roots number and length were increased by increasing the level of SN until 1.0 mg/I.

Figure 6. In vitro improved rooting (number and length of roots) of date palm cv. Ghazal.
A. Control treatment.
B. MS medium + 1.0 mg/l NAA + 1.0 mg/l SN.
C. MS medium + 1.0 mg/l NAA + 0.5 ml/l STS.
D. Shoots are vigor, dark green color and thickness of roots with increasing STS
concentrations.

Where they were 1.78, 3.78 and 5.78 roots/ shoot with lengths 2.78, 3.89 and 5.03 cm at 0.25, 0.50 and
1.0 mg/l SN respectively, then were decreased by increasing SN concentration. In the same direction, the data
tabulated in Table 7 revealed that, all investigated STS levels add to MS rooting parameters number and length
of roots over control treatment. However, MS medium containing 0.5 ml/l STS was statistically the superior and
the best medium, since the greatest number (6.22 roots/ shoot) and the tallest of root (4.83 cm) (Fig. 6C).

Table (7): Effect of different concentrations of Ag,S,03; (STS) on average number and length of roots/ shoot of
date palm cv. Ghazal

Ag,S,05(STS) Average number of Average length
concentrations (mi/l) roots/ shoot of root (cm)
0.0 1679 092f
0.25 244 149¢e
0.50 6.22 a 4.83a
1.0 5.11b 3.81hb
2.0 433¢c 3.33¢c
4.0 3.56d 2.89d
8.0 2.00f 154¢e

Means within a column followed by the same letters are not significantly different at p<0.05.

While, the lowest significant values (number and length of roots) were observed by using medium
without STS (control treatment) (1.67 roots/ shoot and their average length of 0.92 cm). Increasing STS
concentration from 0.5 to 8.0 ml/l decreased gradually average root number and their average length. In
addition, from the visual observation, shoot color became dark green and more vigor and thickness of roots with
increasing SN and STS concentrations (Fig. 6D).

Generally, it could be concluded that providing MS rooting medium with SN or STS improved rooting
measurements (number of roots/ shoot and their average length) of date palm cv. Ghazal. Plantlets regenerated
by culturing shootlets proliferated from the indirectly formed somatic embryos. However, the concentration 1.0
mg/l SN and 0.5 ml/lI STS were statistically the superior.

These results are in agreement with those obtained by Hassanen and Gabr (2013) who reported that,
SN at 1.5 mg/l had a significant effect on the rooting of pecan and increased the color of leaves and root
thickness. Also, Bais et al., (2000) who found that NS had positive effect on root formation of Decalepis
hamiltonii plants. The present results regarding the stimulative, effect of providing MS rooting medium with SN
or STS on investigated rooting measurement, may be attributed to the physiological role of Ag” ion could be
played as an anti-ethylene agent (Fjeld and Moe,1985).

Although, the present results regarding the beneficial effect of (STS) is in congeniality with the
findings of several investigators on some plant species. Depending upon the function of silver which appears
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uniqgue among the heavy metals acting as an ethylene antagonist (playing as an inhibitor of ethylene
biosynthesis) (Beyer, 1976 and Balletti et al., 1994). All suggested that beneficial effect may be attribute to such
reason. However, the STS complex was more preferable than the uncomplexed silver ion, may be attributed
mainly to the much greater mobility of the formers form (STS complex) in plant tissue than the mineral ion
(Veen and Van de Geijn, 1978). The beneficial effects of the ethylene inhibitor STS on organogenesis have been
widely reported (Bais et al., 2001; Steinitz et al., 2010 and Reddy et al., 2012). The Ag" ions inhibit ethylene
action in a wide variety of ethylene induced response in plants. The ethylene inhibiting effect of Ag™ is believed
to be due to an interference with ethylene binding (Beyer, 1979). The positive effect of Ag” ions in shoot
regeneration suggests that ethylene produced by cultured explants inhibits shoot organogenesis of those explants
(Chi et al., 1990).

Figure 7: Acclimatization stage of date palm cv. Ghazal. A. Successful acclimatized plantlets in the greenhouse
and B. Plantation in the field.

Plantlets resulted from the rooting previous stage were acclimatized and successfully transferred to the
greenhouse (Fig. 7A) and transplanted in pots containing a mixture of peat moss and perlite at equal volume
then plants were successfully cultured in the field (Fig. 7B). In conclusion, this study has demonstrated the
effectiveness of ethylene inhibitor, SN and STS in promoting somatic embryogenesis in date palm. Thus this
ethylene antagonist (SN or STS) may be useful as a medium supplement to develop efficient in vitro
propagation and rooting protocol so as to conservation this endangered date palm cultivar Ghazal. The
development of this effective micropropagation technology will be important step towards its conservation.
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