Effect of sucrose and abscisic acid on in vitro growth and
development of date palm during rooting stage
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+  ABSTRACT —

A typical somatic embryogenesis protocol for date palm involves a series of consecutive
stages beginning with somatic embryo induction, maturation, germination and ending with rooting
stage. One of the main problems of in vitro propagation is acclimatization of derived plantlets.
Rooting and subsequently acclimatization stages were considered the most important stages in the
comriercial scale. This study was carried out to overcome the problems through rooting stage.
Shootlets (5-7 cm in length) of date palm cv. Bartamuda were cultured on rooting MS medium
(three quarters or half strength ) supplemented with ABA (0.0, 0.25, 0.50, and 1.0mg /1), sucrose
(15, 30 and 45 g/l) to study their effects on root number, root length, length of plantlets, growth
vigor, plantlet and root thickness. This study showed that, sucrose at the highest concentration
(45g/1) and ABA at 0.25 mg/l increased significantly root formation during rooting stage. Using %
MS ralt strength medium supplemented with ABA at 0.25 mg/l and sucrose at 45 g/l increased
significantly the number of roots, plantlet length, growth vigor, plantlet and root thickness, while
control MS medium (ABA free medium) recorded the highest value of plantlet lengt « Y2 MS medium
increased significantly the root length.
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| INTRODUCTION ] facilitate easier transfer ex vitro (Tisserat,
. 1981 and 1982).
artamuda is one of the most famous Robbins et al., (1996) showed that
dry date palm cultivars grown in although ABA stimulated growth in Lotus
Egypt. Aswan is one of the important corniculatus, tannin  content  decreased.
areas in Egypt for producing dry cultivars. The Similarly, Vanhata et al., (1998) demonstrated
dried dates have a high percentage of sucrose that exogenous application of ABA inhibited
(up to 80%) of the flesh date, whereas the soft hyoscyamine accumulation in hairy root
dates are rich in glucose and fructose. There is culture of H. muticus with adverse effect on
a smalll amount of f.iber, protein, fat, vitamins biomass. Root initiation is a critical stage in
and minerals (Hussein ez al.. 1979). date palm micropropagation, as it governs the

Date palm plantiets from callus have subsequent success of production of free living
poor root system due to the lack of date palm plants (Shaheen, 1990). The
adventitious roots. However, the initial concentration of inorgamic salts plays an
primary root was unnecessary for further important role in root induction (Ibrahim,
plantlet growth in date and other palms, and 1999) who reported that reduction of M$S salts
should be trimmed to 1-2 ¢cm in length to strength to % of the original concentration
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stimulated root formation in date palm tissue
culture. In Quercus suber, sucrose and glucose
were the best carbon sources during
proliferation and rooting phases, respectively
(Romano et al., 1993). Rizogenesis in vitro is
an energy-demanding process where glucose
being a faster and effective metabolizer as
compared to sucrose: may induce high mitotic
activity (Rolland er al.. 2006).

The continuous formation of lateral roots
1s a vital part of establishing a root system and
enables plants to react with developmental
plasticity to changing soil conditions.
Evidence is accumulating that abscisic acid
(ABA), which is known to be involved in
stress responses, has an important role in
lateral root formation. Interestingly, ABA
seems to have distinct roles at different stages
in lateral root development. The emerging role
of ABA in lateral root development fits well
with its general functional properties as a
stress hormone, including its role in dormancy
(Tve, De Smet ez al., 2006).

The present study aimed to investigate
the effect of various concentrations of ABA
(0.0. 0.25, 0.50 and 1.0 mg /1), sucrose (15, 30
and 45 g/I) and MS salt strength on in vitro
rooting of date palm cv.Bartamuda.

[ MATERIALS AND METHODS |

The present study was performed
throughout the period from 2007 to 2008 at the
Central Laboratory of Date Palm Researches
and Development, Giza, Egypt.

Plant material

Shootlets of date palm (Phoenix
dactylifera L.) cv. Bartamuda at 5-7 c¢cm in
length and with 2-3 leaves resulted from direct
somatic embryogenesis as described by
Hassan {(2007) were used as a source for
plantlet formation.

Experiment design and culture mediumn

Shootlets of cv.Bartamunda were cultured
in vitro using the treatments presented in Table
(1). The following effects were studied in vitro
on growth during rooting stage:
1- Effect of salt strength (34 or half strength) of
MS (Murashig & Skoog, 1962) medium.
2- Effect of abscisic acid at concetration (0.0,
0.25.0.5 and 1.0 mg/1).
3- Effect of sucrose concentrations (15, 30 or
45 em/l).

All culture media were supplemented
with 0.1 mg/l NAA (naphthalene acetic acid) +
2 mg/l glycine+ 5 mg/l thiamine HCI+ 1.0
mg/] biotin

Each treatment contained 12 jars
(replicates), which were incubated in a growth
room at 27+2°C in 16 hr illumination of <000 -
6000 lux  (white fluorescent lemps).
Subcuituring the explants was done on:o the
same medium every four weeks and three
subcultures were done on each treatment.

Statistical analysis

Data obtained were subjected to the
analysis of  variances of comrletely
randomized design as recommended by Steel
and Torre (1980), LSD at 5% leval of
probability was used to compare means for
number of roots, root length, plantlets length
and plantlet vigor plantlet and root thickness
were scored visually as following, according
to (Pottino, 1981):
1=Thin thickness. 2=Below average thickness.
3=Average thickness.  4=Good thickness.
5=Very good thickness.

| RESULTS |

Effect of sucrose, ABA and MS salt
strength on the number of roots and root lzngth
of date palm cv. Bartamuda after 12 weeks
during root formation stage are presentzd in
Tables (1 and 2).
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R:garding the effect of ABA data in
Table (1) clearly indicated that, using ABA at
0.25 mg/l increased the number of roots to
(2.5) compared with control medium (2.4).
Howevar, data showed that there was a
gradually significant decrease the root length
with increasing the concentration of ABA
from 0.0 to 1.0 mg/l (5.9 cm to 4.7 cm),
respectively (Table2).

Conceming the effect of sucrose, data
indicated that the average number of roots and

root length increased with increasing the
concentration of sucrose from 15 g/l which
recorded (2.3 roots/explant of 4.8 ¢cm length)
to 45mg/1 (2.8 roots/explant of 6.1cm length).
In general data indicated that using %
MS medium which gave (3.0 roots/explant of
4.9 cm root length) was the preferred medium
as compared with ¥ MS medium which gave
(1.8 roots/explant of 5.8 cm length) with
significant  differences between  them,
regardless sucrose and ABA concentration.

Table (1): Effect of sucrose, ABA and MS salt strength on the number of roots of date palm cv.
Bartamuda after 12 weeks during root formation stage.

MS Sucrose ABA concentration (mg/l) (A)
strength concen. Mean (C)  Mean (B)
_(© (g/1}(B) 0.0 0.25 0.50 1.0
15 1.0 1.3 2.0 2.2
2.3
5 MS 30 2.0 3.0 2.5 1.5 1.8
45 1.7 1.3 1.7 2.3
21
15 3.0 4.1 2.0 3.0
% MS 30 3.0 2.0 2.0 1.5
3.0 78
45 4.0 4.0 4.0 40
Meani A) 2.4 2.5 2.3 2.4
LSD{Ay=0.11 LSD((BY=0.10 LS5DAB)=0.20 LS.D(C)=0.82

L.S.D(AC)=0.16

Regarding the interaction betwezn ABA
and sucrose concentrations, data indicated that
the highest number of roots/explant was
obtained by using ABA at 1.0 mg/l and 45 g/l
sucros¢, while the longest root was obtained
by using 0.25 mg/l ABA+ 45 g/l sucrose
followed by using 0.5 mg/l ABA+ 45 g/l
sucrose or medium without ABA+15 g/l
sucrose. The interaction between ABA and
MS strangth indicated that the highest number
of roots was obtained by using 34 MS medium
~(with .25 mg/l ABA or without) with no
significant difference between them and the
longest root was obtained by using % MS
medium without ABA.

The interaction between sucrose concent-
rations and MS strength, data indicated that the

LSD(BC)=0.14 L.S.D(ABC)=0.28

highest significant mean number of roots was
obtained by using 3% MS medium+ 45g/1
sucrose. Whereas, the highest significant mean
root length was obtained by using %% MS
medium+ 45g/l sucrose followed by % MS
medium+ 45g/l sucrose with a significant
difference between them Data in Table (3)
revealed that, the mean plantlet length (cm) as
affected by different concentrations of ABA,
sucrose and MS salt strength.

With respect of the effect of ABA
concentrations, data showed that the highest
significant mean of plantlet length (cm) was
obtained by using control medium ABA-free
medium) as the value was 12.97cm, followed
by adding 0.25 and 0.50 mg/1 .
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Table (2): Effect of sucrose, ABA and MS salt strength on root length (cm) of date palm cv.
Bartamuda after 12 weeks during root formation stage.

Sucrose ABA concentration (mg/l) (A)
MS it(r;;ngth cOncen. Mean {C) Mean B)
(g/1(B) 0.0 0.25 0.50 1.0
15 8.0 4.7 5.2 3.0 58
4.8
14 MS 30 6.2 6.0 3.7 57
45 7.5 6.5 7.2 57
15 5.0 6.0 3.5 3.0 >
2 MS 30 4.0 4.0 45 7.0 49
45 5.0 7.0 6.0 4.0 61
Mean(A) 5.9 5.7 5.0 4.7
LSD(A)=0.17 LSD(B)=0.15 LS.D(AB)=030 LS.D(C)=0.12

L.$.D (AC) =0.24

ABA to culture medium (11.85% and
11.51 em, respectively), with no significant
difference between them. While the lowest
value was obtained by adding 1.0 mg/l ABA to
culture media as the value was 10.38 cm.

Regarding the effect of sucrose concen-
tration , data clearly showed that the highest
significant mean of plantlet iength (cm) was
observed when adding 45 g/l sucrose to culture
medium, followed by adding 30 g/l sucrose
with a significant difference between them, as
the values were (12.72 and 11.94 c¢m,
respectively), while the lowest significant

LSD(BC) =021 1.S.D(ABC)=042

mean (10.36 cm) was obtained by adding 15
g/l sucrose to culture medium.

The interaction between different ABA
and sucrose concentrations showed that, ABA
free medium supplemented with 45 g/1 sucrose
produced the highest significant mean of plantlet
length, followed by adding 0.25 mg/l ABA with
45 g/l sucrose and ABA free medium with 30 g/l
sucrose with no significant differences between
them, while the lowest mean was observed by
using the medium of adding 1.0 mg/l ABA with
15 g/l sucrose.

Table (3): Effect of sucrose, ABA and MS media strength on mean plantlet length (cm) of date

palm cv. Bartamuda after 12 weeks during root formation stage.

Sucrose ABA concentration (mg/1) (A)
MS stécngth Cconcen. Mean (C) Mean (3)
(© (g/1)(B) 0.0 0.25 0.30 1.0
15 11.5 10.5 10.3 9.20 11.30
10.36
b MS 10 12.0 11.0 11.25 11.0
45 13.0 125 125 10.7
15 11.8 10.0 10.4 9.0 11.94
¥ MS 30 14.0 12.6 12.0 11.7 12.50 12.72
45 155 14.5 12.4 10.7 )
Mean(A) 12.97 11.85 1£.51 10.38

LSD(A)=0.4169 L.S.D(B)=0.3610
L.S.D (AC) =0.5895 L.S.D (BC)=0.5106

L.S.D (AB)=0.7220
L.S.D (ABC) = 1.021

L.S.D{C)=0.2948
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Concerning the effect of MS salt strength
on plantlet length (cm), data in Table (3)
showed that the highest significant mean
(12.05) of plantlet length was observed when
culturing explants on % strength MS medium as
comparec. with %2 MS which recorded the lowest
significant mean 11.30 cm).

The interaction between ABA
concentrations and MS salt strength showed that
% MS without ABA produced the highest
significant mean of plantlet length, followed by
% MS + 0.25 mg/l ABA and 4 MS without
ABA, with no significant differences between
the, whil: the lowest mean were observed by
using % MS or 2 MS+ | mg/l ABA with no
significant  differences between them. The
interaction between sucrose concentrations and
MS salt strength showed that, %4 MS + 45 g/l
sucrose produced the highest significant mean
plantlet length, followed by % MS + 30g/1
sucrose and 4 MS+ 45 g/l sucrose with no
significant differences between them, while the
lowest mean were observed by using 3% MS orls
MS+ 15 g/l sucrose with no significant
differences between them.

Data in Table (4) and Fig.(1) represented
the thickness of plantlet as affected by
different concentrations of ABA, sucrose and
MS salt strength.With respect of the effect of
ABA concentrations, data showed that the
highest s:gnificant mean of plantlet thickness
(4.13) was obtained by adding 0.25 mg/l ABA
to culture medium followed by adding 0.50
mg/l ABA 4.0, with significant differences
between them. While the lowest mean (3.61
and 3.54 were obtained by adding 1.0 mg/l
ABA to culture medium and using control

medium (ABA free medium) without
significant differences in between.
Regarding the effect of sucrose

concentrations, data clearly showed that the
highest significant values of plantlet thickness
(4.03 and 3.98), was observed when adding 30

and 45 g/l sucrose to culture medium, without
significant differences between them, while
the lowest significant value (3.46) was noticed
by adding 15g /1 sucrose to culture medium.

The interaction between ABA and
sucrose concentrations showed that adding ABA
at 0.25 mg/l and 30 or 45 g/l sucrose to culture
medium produced the highest significant values
of plantlet thickness without significant
differences between them, while the lowest
values were observed by using media containing
1.0 mg/l ABA with 45 or 15 g/l sucrose, with a
significant difference between them.

With respect of the effect of MS salt
strength on plantlet thickness, data in Table (4)
showed that the highest significant mean of
plantlet thickness (3.92) was observed when
culturing explants on % MS as compared with 12
MS 3.73.

The interaction between ABA concent-
ration and MS salt strength showed that the
addition of ABA at 0.25 mg/l to Y2 MS produced
the highest significant mean of plantlet
thickness, followed by 34 MS without ABA;
0.25 mg/l ABA or % MS + 0.50 mg/l ABA and
15 MS+ 0.5mg/l ABA which produced the same
mean, while the lowest value was observed with
2 MS free of ABA .

The  interaction  between  sucrose
concentrations and MS salt strength, showed
that 34 MS + 30 or 45g/] sucrose produced the
same highest significant value of plantlet
thickness; this value was reduced significantly
when using 2 MS+ 30 or 45 g/l sucrose
respectively, while the lowest significant values
were observed by Yor 34 MS with no significant
differences between them.

Datg in Table (5) revealed that the mean
thickness of roots as affected by different
concentrations of ABA, sucrose and MS salt
strength.

Concerning the effect of ABA
concentration, data showed that the highest
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significant mean of root thickness (2.82) was
obtained by adding 0.25 mg/l ABA to culture
medium followed by adding 0.50 and 1.0 mg/l
ABA (269 and 2.33, respectively) with
significant differences among them. The
lowest value (2.07) was obtained by using
ABA -free medium.

Regarding the effect of sucrose concen-
trations, data clearly showed that the highest

n et al.

significant mean of root thickness (2.74) was
observed when adding 45g/1 sucrose t> culture
medium, followed by adding 30g/l sucrose to
culture medium (2.63) with significant
differences between them, while the lowest
significant mean (2.06) was noticed by adding
15g/1 sucrose to culture medium.

Table (4): Effect of sucrose, ABA and MS salt strength on plantlet thickness (score) of date palm
cv. Bartamuda after 12 weeks during root formation stage.

. Sucrose ABA concentration {mg/1} (A)
MS ?tcre):ngth congcen, Mean (C) Mean (B)
: (/B 0.0 0.25 0.50 1.0
15 2.00 4.50 4.00 3.20 3.73
3,413
1 MS 30 3.75 4.00 4.00 4.00 ’
45 3.50 4.00 4.00 3.50
s 3.50 3.50 4.00 3.00 4.03
45 4.50 4.00 4,00 4.00 38
Mean(A) 3.54 4.13 4,00 3.61

L.S.D(A) =0.084
LSD(AC)=0.120 L.S.D(BC)=0.103 L.8.D (ABC) =0.207

LSD (B)=0073 L.5.D(AB)=0.147 L.S.D (C) =0.060

Table (5): Effect of sucrose, ABA and MS salt strength on the root thickness (score) of date palm
cv. Bartamuda after 12weeks during root formation stage.

MS Sucrose ABA concentration (mg/1) (A)
strength concen. Mean (C) Mean (B)
) (g/(B) 0.0 0.25 0.50 1.0
15 1.50 3.25 2.50 1.80 2.46
¥,
14 MS 30 2.00 2.67 2.67 2.25
45 2.25 3.00 3.00 267
v
15 1.20 2.00 2.00 2.00
34 MS 30 3.00 3.00 3.00 2.50 7.49
Y,vi
45 2.50 3.00 3.00 2,50 ‘
Mean(A) 2.07 2.82 2.69 2.32

L.SD (A) =0.079
LS (AC)=0.112

The interaction between ABA

concentration and sucrose concentration
showed that adding ABA at 0.25mg/l with 30

L.S.D(B)=0.068 L.5.D(AB)=0.137L.8.D{C)=0.056
L.5.D(BC)=0.097 L.S.D (ABC) =0.194

and 45 g/l sucrose to culture medium produced
the highest significant values of root ‘hickness
without significant differences between them,
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while the lowest mean was observed by the
medium of adding 1.0 mg/l ABA + 15 g
sucrose (Table3).

‘With respect of the effect of MS salt
strength on root thickness, data in Table (5)
showed that no significant difference could be
observed when culturing explants on medium
containing % or %2 MS salt strength.

The interaction between ABA concen-
tratior. and MS salt strength showed that adding
ABA at 0.25 mg/l to 2 MS produced the highest

significant mean of root thickness, while the
lowest significant mean was observed on 2 MS
without ABA.

The  interaction  between  sucrose
concentration and MS salt strength revealed that
adding 30 g/l sucrose to % MS produced the
highest significant mean of root thickness,
followed by adding 45 g/l sucrose to Y2 MS or #
MS salt strength without significant differences
between them, while the lowest mean was
observed by using 3% MS + 15g/1 sucrose.

Table (6): Effect of sucrose, ABA and MS salt strength on plantlet growth vigor of date palm cv,
Bartamuda after 12 weeks during root formation stage.

M strength g:)ls:;(;;e ABA concentration (mg/1) (A) Mean () Mean (B)
(€) (2/1)(B) 0.0 0.25 0.50 1.0
5 250 400 125 3.00 3.87

V MS 30 4.25 4.00 4.00 375 363
45 4.00 4,50 425 4.00

15 3.60 4.00 4.00 3.60 408

% MS 20 4,00 4.30 4.40 4.20 4.14 .
45 4.50 5.00 4.00 4.00
Mean(A) 381 4.30 219 372

8D (A)=0.1602 L.S.D(B)=0.1387 L.S.D (AB) =0.2775
L.5.D (ABC) =0.3924

L.S.D (AC) =0.2265 L.S.D(BC)=0.1962

Data in Table (6) revealed that the
plantlet growth vigor as affected by different
concentrations of ABA, sucrose and MS salt
strength.

With respect of the effect of ABA
concentrations, data showed that the highest
significant values of plantlet growth vigor
(4.30 and 4.19) were obtained by adding 0.25
or 0.50 mg/l ABA to culture medium
respectively, without significant differences
between them. While the lowest values (3.81
and 3.72) were obtained by using control
medium (ABA free medium) and by adding
1.0 mg/l ABA to culture medium respectively,
without significant differences between them,

Date concerning the effect of sucrose
indicated that the plantlet growth vigor

LSD(C)=0.1133

increased with increasing the concentration of
sucrose from 15 g/l (3.62) to 45g/1 (4.31).

The interaction between ABA concen-
tration and sucrose concentrations showed that
adding ABA at 0.25 mg/l+ 45 g/l sucrose to
culture medium produced the highest significant
mean of growth vigor followed by medium
without ABA + 45 g/l sucrose and 0.50 mg/l
ABA with 45 and 30 g/ sucrose, while the
lowest mean were observed by using medium
supplemented with 1.0 mg/l ABA + 15 gl
sucrose and with 0.0 mg/l ABA + 15 g/l
sucrose.

Concerning the effect of MS strength on
growth vigor, data in Table (6) showed that the
highest significant mean of growth vigor was
observed when culturing explants on 3% MS salt
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as compared with 2 MS (4.14 vs. 3.87
respectively).

The interaction between ABA concen-
tration and MS salt strength showed that adding
ABA at (.25 or 0.50 mg/1 to % MS produced the
highest significant mean of growth vigor
without significant differences between them,
while the lowest significant mean were observed
on ¥ MS without ABA and 1.0 mg/l ABA.

Finally, the interaction between sucrose
concentration and MS salt strength revealed that
adding 45 g/l sucrose to ¥ MS produced the
highest significant mean of plantlet growth
vigor, followed by adding 45¢/1 sucrose tols MS
and 30g/l sucrose to % MS or 4 MS salt
strength without significant differences among
them, while the lowest mean was observed by 12
MS+ 15g/l1 sucrose. In general thick plantlet
which have a thick roots were successfully
transferred to soil in greenhouse with a high
survival percentage.

i DISCUSSION \

Root initiation is a critical stage in date
palm micropropagation. as it governs the
subsequent success of production of free living
date palm plants (Shaheen, 1990). ABA,
sucrose and MS salts affect the formation of
roots in date palm and subsequent successful
transfer to soil.

Effect of ABA

There are some interesting studies
suggesting that plant hormones can play
important roles in altering root growth/
morphology and secondary metabolism. For
example: abscisic acid (ABA) can inhibit
secondary product accumulation, but not hairy
root growth (Ive,De Smet er al., 2006) Results
under discussion showed that, ABA at
0.25mg/l in the presence of NAA in root
culture medium increased the number of roots,
plantlet growth vigor, plantlet and root thick-
ness .These results are on line with those

reported by Ive.De Smet er al., (2006) who
found that ABA acts on root branching by
mediating stress responses and by functioning
as an endogenous developmental signal. The
continuous formation of lateral roots is a vital
part of establishing a root system and erables
plants to react with developmental plasticity to
changing soil conditions. Evidence is accumu-
lating that ABA, which is known to be
involved in stress responses, has an important
role in lateral root formation. Interestingly,
ABA seems to have distinct roles at diferent
stages in lateral root development.

The emerging role of ABA in lateral root
development fits well with its general func-
tional properties as a stress hormone, inclading
its tole in dormancy. ABA acts as a root-to-
shoot signal that controls closure of stomata
and briefly stimulates elongation of the main
root in response to drought (Hose, 2002 and
Davies and Bacon, 2003). ABA is considered
to be a ‘stress hormone’ that has a rcle in
response to biotic and abiotic stresses
{MacRobbie, 1998and Verslues and Zhu,
2005), but is also important in non-stress-
related regulatory functions (Cheng, 2002 and
Sharp, 2002). ABA is recruited as an endog-
enous signal in many plant develop-mental
processes, Including seed maturation and
dormancy (Koornneef, 2002 and Gubler
(2005), heterophylly (leaves of different
shapes on the same plant) (Hsu, 2001) and root
growth (Sharp and LeNobic, 2002). The effect
of ABA is difficult because of the enormous
complexity of the signalling steps invclved,
the inability to make a distinction between
primary and secondary effects and the
apparent post-transcriptional control (H.mm-
elbach, 2003), there is no strong evidence: of a
direct relationship between ABA and lateral
root initiation. However, some exaraples
suggest Interplay between ABA and auxin
during lateral root initiation, with ABA as a
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repressing agent and auxin as a promoting agent.

Fig. (1): Well rooted and thickness of plantlet of date palm on 3/4MS medium containing 45g
sucrose +0.25mg/l ABA+0.1mg/l NAA.

Arab I, Biotech., Vol, 11, No., (2) July (2008):281-292
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Effect of sucrose

Carbohydrate source plays an important
role as a source of energy and for maintaining
osmoticum {(Cuenca and Vieitez, 2000). Dey
and Harborne, (1997) showed that sucrose has
a role in controlling the expression of several
important enzymes and other proteins. For
example, sucrose acts as an inhibitor for
proteinase to stimulate plant growth and high
level of sucrose and invertase are often
characteristic of growing and differentiating
tissues. Data about the effect of sucrose on
date palm rooting showed that increasing
concentration of sucrose in culture medium to
45 g/l increased the number of roots, root
length, plantlet length, plantlet growth vigor,
plantlet and root thickness. These results are
on line with those reported by  Abdel Satar,
(2005), who stated that on date palm, the
number of roots as well as root and stem
length of piantlets induced from shootlets were
significantly high when cultured on MS
medium supplemented with 0.1mg/l NAA,
50g/l sucrose. Abo-El-Souad er al., (2002)
showed that in date palm mass propagation,
plantiets produced from rooting medium
supplemented with 50g/1 sucrose under light
intensity of 9000 lux had achieved the best
survival percentage in greenhouse. In date
palm micropropagation, sucrose plays an
important role in the iniation of roots. The
addition of sucrose to culture medium caused
an increase in the number and length of
adventitious roots per shoot as compared with
either glucose or fructose. Concentration of 30
or 40g/1 sucrose gave the highest average
number of adventitious roots per shoot (Al-
Dawayati, 2000). In Quercus suber, sucrose
and glucose were the best carbon sources
during proliferation and rooting phases
respectively (Romano et al., 1995).Shoots of
Rosa grown in media containing high sucrose
concentrations (146.07--262.93 mM) produced

more and longer roots than those grown in
media containing 0-87.64 mM sicrose
(Hyndman ef al., 1981). Data also showed
that, the highest number of roots was noticed
with medium containing 45g/1 sucrose +I1mg/1
ABA and the highest root length was recorded
by medium containing 45g/1 sucrosc+(0.25
mg/l ABA. In this respect, relationship
between ABA and sugars is crucial for the root
system (Ive,De Smet et al., 2006),

Effect of MS salt strength

Data about MS salt strength also showed
that % MS salt strength increased the number
of roots, plantlet growth vigor, plantlet length
and plantlet thickness. These resuits are in
agreement with those reported by Ibrahim
(1999) who found that, the concentration of
inorganic saits plays an important role in
rooting induction, and that reduction of MS
strength to 3% of the original concentration
stimulated root formation in date palm “issue
culture. While using % MS incrzased
significantly root length, in this respect. JFaisal
et al. (2005) on Tyophora indica reported that,
the in vitro-regenerated shoot induced roots
when transferred to full- and half strength MS
medivm. Half-strength growth regulato-free
medium was found superior to full-strength
MS medwum for root development. The
number and length of roots increased when the
shoots of Rosa were grown in media with the
nitrogen concentration of the Murashige-
Skoog (MS) salt formulation reduced.
(Hyndman et al., 1981). On the other hand,
Zong et al. (2005) showed that % or full
strength MS medium inhibited root elongation
of Incarvillea sinensis and shoot turned brown,
but shoot browning was greatly decreased on
Y4 strength MS medium.
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