14™ Conf. Agric. Develop. Res., Fac. of Agric., Ain Shams Univ.,
March, 2019, Cairo, Egypt
Special Issue, 27(1), 737 - 747, 2019
Website: http://strategy-plan.asu.edu.eg/AUJASCI/

DIRECT EMBRYOGENESIS AND INDIRECT ORGANOGENESIS OF
DATE PALM (PHOENIX DACTYLIFERA L.) CV. SEWI USING
IMMATURE FEMALE INFLORESCENCES

[68]

Mervat M.H. Malhat", EI-Wakeel H.?, Abd El-Hamid A.2, Khalil S.M.*
and Mona M. Hassan?
1. Genetic Engineering Research Institute, Agric., Res. Center, Giza, Egypt
2. Horticulture Dept., Fac. of Agric., Ain Shams Univ., P.O. Box 68, Hadyek Shoubral1241, Cairo,

Egypt

3. Central Laboratory for Date Palm Researches Development, Agric., Res-Center, Giza, Egypt

*Corresponding author: mervatT83@yahoo.com

Received 25 November, 2018,

Accepted 18 December, 2018

ABSTRACT

This study was achieved at the Tissue Culture
Laboratory of the Agricultural Genetic Engineering
Research Institute, Giza, Egypt during the period
from 2013 to 2017, Direct embryo initiation and
callus formation of date palm cv. Sewi from imma-
ture female inflorescences have been achieved on
modified MS medium supplemented with 4 mg I
Picloram plus 3 mg I 2iP and 2 g I PVP. Results
also showed that BA at 0.5 mg I produce the
highest number of differentiated embryos/culture,
while kinetin at 0.25 mg I"* significantly increased
the average number of adventitious shoots/culture.
NAA at 1.0 mg I induced the highest rooting per-
centage and micro-shoot length. On the other hand
the best survival percentage during the acclimati-
zation stage was observed with plantlets produced
from IBA at 0.5 mg " during the rooting stage.

Key words: In vitro, Phoenix dactylifera L., cv.
Sewi, Immature Inflorescence, Direct embryo-
genesis, Indirect organogenesis, callus formation,
Embryo formation

INTRODUCTION

Phoenix dactylifera L. is a monocotyledonous
and dioecious plant. It is considered as one of the
important strategic commodities and the cheapest
source of energy in the advanced and developing
countries producing their raw and manufactured

materials. It is the most important member of the
family Arecaceae for proper maturation of fruits;
Date palm requires a prolonged summer heat
without rain or high humidity during the ripening
(Badawy et al 2005). The date fruit contains nu-
merous chemical components that possess high
nutritional and medicinal values (Al-Khayri and
Naik, 2017). Tissue culture propagation method is
the most promising technique for production of
efficient plant materials with high quality (Sane et
al 2006). Somatic embryogenesis is considered as
the most efficient regeneration process for date
palm micropropagation (Fki et al 2003). It is re-
ported to be a quick and efficient method for large
scale propagation of date palm and could also be
highly useful for breeding programs. Embryogenic
callus induction in date palm is influenced by dif-
ferent factor such as genotype, explant type, in-
duction period and plant growth regulators. The
inflorescence explants proved promising alterna-
tive explants for micropropagation of the elite culti-
vars and rare male and female individuals of date
palm (Feki and Drira, 2007). Tissue, somatic em-
bryo and callus were induced, in many plant spe-
cies, by the addition of exogenous auxins such as
2,4-D, IBA and NAA to the culture medium. Most
tissue culture studies of palms have focused on
the effects of different auxin types such as IBA,
2,4-D, NAA, NOA, IAA and their concentrations on
various explants cultures (Eke et al 2005). Moreo-
ver, El-Hammady et al (1999) indicated that in the
rooting medium of date palm cv Sewi., the addition
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of NAA at concentration of 0.5 mg/l resulting in
higher rooting percentage.

Therefore, this study aimed to find propagation
protocol for large scale production of date palm cv.
Sewi plantlet through direct and indirect embryo-
genesis using immature female inflorescences.

MATERIALS AND METHODS

This study was achieved at the Tissue Culture
Laboratory of Agricultural Genetic Engineering
Research Institute, Agric. Res. Center, Giza,
Egypt, during the period from 2013 to 2017.

Plant Material.

Date palm cv. Sewi (Phoenix dactylifera L.)
was used throughout this study. The used explants
were immature female inflorescence (5-7 cm) tak-
en on late January to early February from mature
palm of 15 year old (Fig. 1a).

1- Sterilization procedure.

The immature female spathes were collected
from date palm cv. Sewi at the beginning of the
spathe appearance and then transferred to the lab.
The spathes were rinsed under tap water for about
two hours then, surface sterilization was performed
by mercuric chloride solution at 0.1% for 10 min.
Then rinsed by sterile distilled water for three
times.

2- Initiation stage

Spiklets were divided into small pieces (1-2 cm
in length). They were cultured on MS medium (Mu-
rashige and Skoog, 1962) supplemented with 100
mg/l glutamine, 100 mg/l myo- inositol, 1 mg/l bio-
tin, 5 mg/l thiamin HCI, 40 g/l sucrose, and 6 g/l
agar .The pH was adjusted to 5.7-5.8 before add-
ing agar to the media. The media were dispensed
into jars, where each jar contained 20 ml medium.
Sterilization of the medium was achieved by auto-
claving at 1.1 kg/cm2 and 121° C for 20 minutes.

3- Incubation condition

All cultured explants, for all different experi-
ments, were incubated under dark conditions at
27+2°C at the initiation stage. For direct embryo-
genesis and indirect organogenesis, cultures were
incubated under 16 hours light (cool white fluores-
cent lamps). For the rooting experiments, all cul-

tured tubes were incubated under light intensity of
3000 lux 16 hours light for 12 weeks.

In this stage, the effect of three antioxidants (1
g/l activated charcoal, 2 g/l PVP, or 2 g/l PVP +
19/l activated charcoal) with three auxin types (2, 4
-D, Picloram or NOA) at three concentrations (1, 2
or 4 mg/l) for each were investigated.The 27 treat-
ments [(3antioxidants x (3 auxin types x 3 concen-
trations)] were distributed in a factorial experiment.
Each treatment had three replicates with three
explants for each. All media during the initiation
stage ware supplemented with 3 mg I* 2iP. Callus
formation percentage and embryo formation per-
centage were recorded at the end of sixth subcul-
ture.

4-amino-3,5,6 trichloro-2-pyridinecarboxylic acid

O
Cl /N| OH
c” Y el
NH,
4- Picloram

5- Differentiation stage.

In this stage, clusters of direct somatic embryos
(3-4 embryos) were used as explant materials.
Clusters were cultured for three subcultures (one
month interval) on 3/4 MS strength supplemented
with 40 g/l sucrose, 0.1 mg/l NAA, 100 mg/l glu-
tamin, 100 mg/l myo- inositol, 1 mg/l biotin, 5 mg/l
thiamin HCI, 1 g/l activated charcoal and 6 g/l agar
and the media were supplemented with one of the
following cytokinins .

1- Control (without cytokinin)
2-0.25mg /I BA

3-0.5mg /I BA

4- 0.25 mg /I kinetin

5- 0.5 mg /I kinetin

6-0.25mg/l 2 ip
7-0.5mg/l 2ip

This experiment contained 3 cytokinin types x
3 concentrations = 9 treatments in a factorial ex-
periment. Each treatment contained 3 replicates,
and each replicate contained three jars, each jar
contained one cluster. After three months, embryo
number/ culture, number of adventitious shoots /
culture, shoot length were recorded.
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5- Rooting stage

During this stage, shoots of 5-7cm in length
resulting from the differentiation stage were cul-
tured on 1/2 MS media containing 40 g/l sucrose, 6
g/l agar. The auxins of NAA , IBA, or IAA each at
0.0, 0.5 or 1.0 mg/l were added to the rooting cul-
ture media. The prepared media were dispensed
into glass tubes (2.5 x 15 cm) at rate of 20 ml.
Each treatment had three replicates and each rep-
licate contained three tubes and each tube con-
tained one shoot. There were 3 auxin types x 3
concentrations =9 treatments in a factorial experi-
ment. After three month, the rooting percentages,
root number /shoot, root length (cm) and plantlet
length were recorded.

In- vivo acclimatization stage

The effect of in vitro rooting treatments on sur-
vival percentages, plant length, number of leaves
per plant during the acclimatization stage. Plantlets
from different auxin treatments of NAA, IBA or IAA
each at 0.0, 0.5 or 1 mg/l were transplanted and
grown under the ambient temperature 27C + 2,
humidity at 80-90% and natural light under plastic
tunnel inside saran house. Each treatment had
three replicates which contained three torpedo
(each torpedo 5x18 cm) had one plantlet with 2-3
leaves, 2-3 roots and 7-9 cm length. Perlite +
Peatmoss (1:2 v/v) mixture was used as planting
medium for all treatments. Survival percentage and
Plantlet length were recorded after 12 weeks.

Experimental design and statistical analysis of
data

The experiments were subjected to a complete-
ly randomized design. Analysis of variance (ANO-
VA) and Duncan's multiple range test (Duncan,
1955), as modified by Snedecorand Cochran
(1982), were performed to analyze the obtained
data. The differences among means of the record-
ed parameters for all treatments were tested for
significance at 5% level. Means followed by the
same letter are not significantly different at p<0.05.

RESULTS AND DISCUSSION
1. Callus formation percentage
Data in Table (1.a and Fig. 1b) show the effect

of antioxidant type and showed that the highest
significant callus formation percentage was ob-

tained with AC 1 g I + PVP 2 g I (18.87%) but
the lowest significant was obtained with AC 1 g I
(10.03%).

Data in Table (1.b) show the effect of auxin
type and showed that the higher significant callus
formation percentages were achieved by 2,4-D or
Picloram (19.530r 19.40% ) than NOA (4.57%).

Data in Table (1.c) show the effect of auxin
concentration results which showed that the high-
est significant callus formation percentage was
recorded by 4 mg I (21.50%) but the lowest signif-
icant percentage found by 1 mg rt (7.66%).

Data in Table (1.d) show the effect of antioxi-
dant type and auxin type results which showed that
the highest significant callus formation percentage
was recorded by PVP at 2 g I"" with Picloram
(26.36% ) but AC 1 g I'* with NOA had the lowest
significant callus formation percentage (2.61%).

Data in Table (1.e) show the effect of antioxi-
dant type and auxin concentration results which
showed that PVP at 2 g I"or AC at 1 g I'* +PVP at
2 g I'* antioxidant type with 4 mg I of auxin con-
centration treatment gave the highest significant
callus formation percentages (24.50 & 25.14 %)
respectively but the lowest significant callus for-
mation percentage found by AC 1 g I or PVP 2 g
It with 1 mg I of auxin concentration (5.94 &5.58
% ), respectively.

Data in Table (1.f) show the effect of auxin
type and concentration results which  which
showed that the highest significant callus formation
percentage was found by Picloram at 4 mg "
concentration (31.52 %) but NOA at 1 mg " had
the lowest significant one (1.48%).

Data in Table (1.g) show the effect of antioxi-
dant type, auxin type and concentration results
which showed that the highest significant value
was recorded by PVP 2 g I with Picloram at 4 mg
I'* concentration (50.13%) but AC 1 g I" with NOA
at 1 mg I did not give callus.

Table 1. Effect of antioxidant type, auxin type and
concentration on callus formation percentage of
date palm cv. Sewi using female immature inflo-
rescence explants during the initiation stage.

1.a. Effect of antioxidant type.

AC1gl?t 10.03C
PVP2g ™ 14.59 B
AC1lgl'+PVP2gl* 1887A

Means having the same letter (s) in each column, are
insignificantly different at 5% level.

AC : activated charcool

PVP : polyvinyl pyrrolidone
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1. b - Effect of auxin type.

1.e- Effect of antioxidant type and auxin concentra-

2,4-D 19.53 A tion.

Picloram 19.40 A

NOA 457 B Antioxidant Aluxin concer;tration .
Means having the same letter (s) in each column, are insignifi- 1mgl 2mg I’ 4mgl’
cantly different at 5% level. AC1lg 1t 594 ¢ 9.29 f 14.87 ¢
AC : activated charcool PVP : polyvinyl pyrrolidone 1

PVP2gl 5.58 ¢ 13.70d 24.50 a

1.c - Effect of auxin concentration. AC1gl™PVP2gl" 11.47e 20.01b  25.14a

1mg I'i 7.66 C Means having the same letter (s) interaction are insignifi-

2mg | 14.34 B cantly different at 5% level.

4mg It 21.50 A

Means having the same letter (s) in each column, are insignifi-
cantly different at 5% level.
AC : activated charcool PVP : polyvinyl pyrrolidone

1.d - Effect of antioxidant type and auxin type.

Antioxidant Auxin type
2,4-D Picloram  NOA
AC1gl? 21.18¢c  6.32e  2.61g
PVP2g It 1261d  26.36a  4.81f
AC1g I+ PVP2glI* 24.81 b 25.53ab 6.28e

Means having the same letter (s) interaction are insignificantly
different at 5% level

AC : activated charcool PVP : polyvinyl pyrrolidone

1.f - Effect of auxin type and concentration.

Auxin concentration
Auxin type 1mgl? 2mg It 4mglt
2,4-D 13.70d 19.67 c 25.23b
Picloram 7.79 e 18.89 ¢ 31.52a
NOA 148 g 4.45 f 7.76 e

Means having the same letter (s) interaction are insignificantly
different at 5% level.

AC : activated charcool PVP : polyvinyl pyrrolidone

1.g -Effect of antioxidant type, auxin type and concentration.

2,4-D Picloram NOA
img!* 2mgl* 4mgl? 1mgl!* 2mgl* 4mgl* 1mgl* 2mgl* 4mgl?
AC1g ™ 1557g 21.20f 26.77d 2.25n 4.47m 1223h 0.000 222n 560 Im
PVP2g It 8.90 ij 13.33h 15.60g 5.60lm 23.33e 50.13a 223n 443m 777}k
AC1gl'+PVP2gl" 16.63g 2447e 33.33b 1553y 28.87c 32.20b 223n 6.70kl 9.90i

Means having the same letter (s) interaction are insignificantly different at 5% level.

AC : activated charcool PVP : polyvinyl pyrrolidone

Effect of antioxidant type, auxin type and con-
centration on embryo formation percentage of
date palm cv. Sewi using immature female in-
florescence explants during the initiation stage.

Data in Table (2.a and Fig. 1c) show the effect
of antioxidant type and showed that the highest
significant embryo formation percentage with PVP
at 2 g I'* (22.83%) but the lowest significant one
was obtained with AC at 1 g I + PVP at 2 g I
(7.64%).

Data in Table (2.b) show the effect of auxin
type and showed that the highest significant em-
bryo formation percentage with was obtained 2,4-D
(16.00%) but the lowest significant one was
acheived with NOA (12.58%).

Data in Table (2.c) show the effect of auxin
concentration results which showed that the high-
est significant embryo formation percentage was
noticed with 2 mg I* of auxin concentration

(18.38%) but the lowest significant one was shown
with 1 mg I"* (7.40%).

Data in Table (2.d) show the effect of antioxi-
dant type and auxin type results which showed that
the highest significant embryo formation percent-
age with PVP at 2 g I'* and Picloram (26. 67 %) but
the lowest significant one was observed with AC 1
g I'" with NOA (4.06%).

Data in Table (2.e) show the effect of antioxi-
dant type and auxin concentration results which
showed that the highest significant embryo for-
mation percentage was obtained with AC 1 g It
with 2 mg I'* of auxin concentration (21.82%) but
the lowest significant one was recorded with AC at
1 g™+ PVP at 2 g I'" with 1 mg I of auxin concen-
tration (6.29%) compared to the other treatments.

Data in Table (2.f) show the effect of auxin
type and concentration results which showed that
the highest significant embryo formation percent-
age was showed with Picloram at 4 mg I*
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(30.03%) but the lowest significant one was no-
ticed with NOA at 1 mg I'* (2.58%)).

Data in Table (2.g) show the effect of antioxi-
dant type, auxin type and concentration results
which showed that the highest significant value
was found by PVP 2 g I™ with Picloram at 4 mg I'™*
(42.23%) but the lowest significant values recorded
by AC 1g I NOA 1 mg/l (0.0 %) or PVP 2 gl™ with
2,4-D 4mg I'* (1.11%).

Table 2. Effect of antioxidant type, auxin type and
concentration on embryo formation percentage of
date palm cv. Sewi using immature female inflo-
rescence explants during the initiation stage.

2. a - Effect of antioxidant type.

741
2.d - Effect of antioxidant type and auxin type.
Antioxidant type. Auxin type
2,4-D  Picloram NOA
AC1gl™* 19.89c 24.06b 4.06i
PVP2gl? 555 h 2667a 11.11f
AClgl*+PVP2gl* 12.23e 17.76d 7.76g

Means having the same letter (s) interaction are insignificantly
different at 5% level.

2. e - Effect of antioxidant type and auxin concen-
tration.
Antioxidant type.

Auxin concentration

AC 1glI™ 12.56 B imgl* 2mgl* 4mgl?
-1
PVP2gl 22.83 A AC1gl? 851f 21.82a 17.67c
-1 -1
AClgl™+PVP2gl 7.64 C PVP2g It 740g 19.62b 16.30d
Means having the same letter (s) in each column, are insignifi- AC 1g L+ PVP 2 g E 6.29 h 13.69e 17.77¢C

cantly different at 5% level.

2.b - Effect of auxin type.

2,4-D 16.00 A
Picloram 14.44 B
NOA 12.58 C

Means having the same letter (s) interaction are insignificantly
different at 5% level.

2. ¢ - Effect of auxin concentration.

1mgl™ 7.40 C
2mgI* 18.38 A
4mgl* 17.25 B

Means having the same letter (s) in each column, line or interac-
tion are insignificantly different at 5% level.

Means having the same letter (s) interaction are insignificantly
different at 5% level.

2. f - Effect of auxin type and concentration.

Auxin type Concentration

imgl*  2mgl*  4mgl*
2,4-D 6.69 ¢ 17.80 ¢ 13.18 d
Picloram 12.93d 2551 b 30.03 a
NOA 258 h 11.82 e 852 f

Means having the same letter (s) interaction are insignificantly
different at 5% level.

2. g- Effect of antioxidant type, auxin type and concentration.

2,4-D Picloram NOA
imgl*|2mgl™ | 4mgl* |1mgl*|2mgl*|4mgl | 1mgl* |2mgl*|4mgl™*
AC1g I 8.87] 27.80c | 23.00d | 16.67g | 34.33b | 21.17e | 0.00 o 3.33n 8.83]
PVP 2 gl'l 4.43mn | 11.10i 1.110 14.43h | 23.33d | 42.23a| 3.33n 24.43d | 5.57Im
AC1lgl*+PVP2g ! 6.77kl | 14.50h | 15.43gh | 7.70jk | 18.87f | 26.70c | 4.40mn | 7.70jk | 11.17i

Means having the same letter (s) interaction are insignificantly different at 5% level.

AC : activated charcool

From the previous results the highest, callus
formation and embryo formation percentages were
recorded by PVP 2 g I + Picloram 4 mg I". These
results are in a harmony with those found by
Steinmache et al (2007) using picloram , dicam-
ba and 2,4-D with peach palm inflorescence. They
found that picloram enhanced the embryogenic
induction rate more than 2,4-D and dicamba, piclo-

PVP : polyvinyl pyrrolidone

ram at 300 yM enhanced the induction percent-
age. Both the type and level of auxins had the
greatest influence on in vitro responses. Kysely
and Jacobsen (1990) found that somatic embryo-
genesis was dependent on the type and concen-
tration of auxin in the medium. Somatic embryos
were never observed in the absence of exogenous
auxin. Picloram was found to be the most suitable
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callogenic agent for both types of explants, leaf
and inflorescence of arecanut (Areca catechu L.)
as well as for the varieties studied (Karun et al
2004). Zayed (2011) found that callus formation
induced from spike explants of spindle palm was
significantly affected by the addition of different
picloram concentrations to culture media.

Differentiation stage.

Data in Table (3 and Fig. 1d) show the effect
of different cytokinin type, concentration and their
interaction on embryo number of date palm cv.
Sewi cultured on the differentiation media for 12
weeks. Results showed that BA had the highest
significant embryo number/culture while, 2iP had
the lowest significant value. Regarding the cytokin-
in concentration, 0.5 mg I had higher significant
value than both other concentrations. The interac-
tion between the studied factors, showed that the
highest significant values were gained by BA or
kinetin at 0.5 mg I, while the lowest significant
value was found 2iP at 0.25 mgl*

Table 3. Effect of different cytokinin type, concen-
tration and their interaction on embryo num-
ber/culture of date palm cv. Sewi cultured on dif-
ferentiation media for 12 weeks.

studied factors, the highest significant values were
gained by kinetin at 0.25 mg It ,while the lowest
significant value was found with BA at 0.0 concen-
tration.

Table 4. Effect of different cytokinin type, concen-
tration and their interaction on number of adventi-
tious shoots /culture of date palm cv. Sewi cultured
on differentiation media for 12 weeks.

cytokinin cytokinin concentration (mg 1™
type 0.00 0.25 0.50 Mean
BA 0.75f 10.00c 8.00d 6.25B
Kin 0.75f 14.01a 7.01le 7.26 A
2iP 0.75f 7.01e 13.02b 6.92 A
Mean |0.75C'| 10.34A' | 9.34B'

Cytokinin Cytokinin concentration (mg I'l)
type
0.00 0.25 0.50 Mean
BA 32.70d | 36.04c 45.02a 37.93A
Kin 32.70d | 33.00d 45.00a 36.90 B
2iP 32.70d | 31.00e | 42.00b 35.23C
Mean 32.72B' | 33.35B' | 44.01A'

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

Data in Table (5) Show the effect of different
cytokinin type, concentrations and their  interac-
tion on average shoot length of date palm cv. Sewi
cultured on the differentiation media for 12 weeks

Concerning cytokinin type, Kintein had higher
significant shoot length than the other cytokinin
types , Regarding the cytokinin concentration,
(0.25 or 0.50 mg I'l) had higher significant values
(3.35 & 4.04) respectively than the control. As for
the interaction between the studied factors,
showed that the the highest significant values were
gained by kinetin at (0.25 & 0.50 mg I'™"),

Table 5. Effect of different cytokinin type, concen-
trations and their interaction on average shoot
length of date palm cv. Sewi cultured on differen-
tiation media for 12 weeks

Means in each column, row and interaction with the same letter
(s) are not significantly different at 5% level.

Data in Table (4) show the effect of different
cytokinin type, concentration and their interaction
on number of adventitious shoots/culture of date
palm cv. Sewi cultured on the differentiation media
for 12 weeks. Results showed that Kin and 2iP
had the highest significant number of shoots (7.26
& 6.92) while BA had the lowest significant value
(6.25). Regarding the cytokinin concentration, 0.25
mg I had the highest significant value (10.34) but
the control had the lowest significant value concen-
trations (0.75).As for the interaction between the

Cytokinin | cytokinin concentration mg I™*
type 0.00 0.25 0.50 | Mean
BA 2.50c 2.01c 3.00bc |2.50B
Kin 2.52c 5.01a 5.04a 419 A
21P 2.50c 3.05bc 4.07ab |3.20B

Mean 2.51B' 3.35A' 4.04A11

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

From the previous results, BA had the highest
significant embryo number with 0.50 mg I'* These
results are in a harmony with those found by
Karun et al (2004) they reported that . BA was
found to be the best cytokinin form the germination
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of somatic embryos. Different levels of BA (0, 5,
10, 20, 30 and 40uM) were studied for somatic
embryos derived from inflorescence explants of
arecappnut (Areca catechu L.). MS medium sup-
plemented with 20 uM BA was found to be the
best. Furthermore, Kin and 2iP had the highest
significant number of shoots. These results are in a
harmony with those found by Al-Khateeb (2006)
who he observed that low hormone concentrations
promoted the formation of buds and shoots while
high hormone concentrations inhibited their for-
mation.

Rooting stage.

Data in Table (6 and Fig. 1e) show the effect
of different auxin types, concentrations and their
interaction on rooting percentage of date palm cv.
Sewi shoots during in-vitro rooting stage. Concern-
ing auxin type, the highest significant rooting per-
centage was found by NAA (63.01%) but IAA had
the lowest significant value (55.58%). Regarding
the auxin concentration, 1.00 mg I'* gave the high-
est significant value (77.80 %) than other auxin
concentrations. As for the interaction between the
studied, factors, the highest significant values were
gained by NAA at 1 mg I (88.92%) while the low-
est significant value was found by control treat-
ment with all auxin type (33.33%) .

Table 6. Effect of different auxin types, concentra-
tions and their interaction on rooting percentage of
date palm cv. Sewi shoots during in-vitro rooting
stage.

Auxin type Auxin concentration (mg 1™
0.0 0.5 1.0 Mean
NAA 33.33d | 66.80c |88.92a| 63.01 A
IBA 33.33d | 77.80b | 66.70c| 59.27 B
IAA 33.33d | 55.60d |77.80b|55.58 BC
Mean 33.33C' | 66.73B' | 77.80A'

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

Data in Table (7) show the effect of different
auxin type, concentrations and their interaction on
average number of roots of date palm cv. Sewi
during in vitro rooting stage. Concerning auxin
type, the highest significant average number of
roots value was found by IBA (2.24) but NAA or
IAA had lowest significant values . Regarding the
auxin concentration, 1.00 mg I"* had higher signifi-
cant value (2.78) than both other auxin concentra-
tions. The interaction between the studied factors

showed that the highest significant values were
gained by IBA at 1 mg I (3.31), meanwhile, the
lowest significant value was found by control
treatment with all auxin type (1.01).

Table 7. Effect of different auxin type, concentra-
tions and their interaction on average number of
roots of date palm cv. Sewi during in vitro rooting
stage.

Auxin Auxin concentration (mg ™)

type 0.0 0.5 1.0 Mean
NAA 1.03d | 2.05 bcd 2.67 ab 1.92 AB
IBA 1.04d | 2.37 abc 33la 224 A
1AA 1.01d 1.35cd 2.35 abc 1.57B

Mean | 1.02C'| 1.92B' | 278A

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

Data in Table (8) show the effect of different
auxin type, concentrations and their interaction on
average root length of date palm cv. Sewi .Auxin
type had insignificant effect on average root length.
Regarding the auxin concentration, 0.50 mg I"* had
the highest significant value (1.03) than other auxin
concentrations . As for the interaction between the
studied factors, showed that the highest significant
values were gained by IBA at 1.40 mg I however,
the lowest significant value was found by IBA at
1.00 mg I *(0.36).

Table 8. Effect of different auxin type, concentra-
tions and their interaction on average root length
(cm) of date palm cv. Sewi during in-vitro rooting
stage.

Auxin Auxin concentration (mg I™")
type 0.0 0.5 1.0 Mean
NAA | 0.51bc | 0.76bc | 0.53bc | 0.60 A
IBA 0.51bc | 1.40a | 0.36¢c | 0.76 A
IAA 0.51bc | 0.94ab | 0.76 bc | 0.74 A
Mean | 0.51B' | 1.03A' | 0.55B'

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

Data in Table (9) show the effect of different
auxin type, concentrations and their interaction on
plantlet length of date palm cv. Sewi during in vitro
rooting stage. As for the auxin type, NAA or IBA
had higher significant plantlet length values (16.52
&16.03) respectively than IAA. Regarding the aux-
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in concentration, 1.00 mg I"* had the highest signif-
icant value (18.14) than both other auxin concen-
trations. Concerning the interaction between the
studied factors, showed that the highest significant
values were obtained by NAA at 1.00mg I'1(19.37),
while the lowest significant value was found by the
control treatment (13.00).

Table 9. Effect of different auxin type, concentra-
tions and their interaction on microshoot length
(cm) of date palm cv. Sewi during in-vitro rooting
stage.

the highest significant values were recorded by
IBA at 0.5 mg It (66.67%) while the lowest signifi-
cant value was found by control treatment
(33.33%).

Table 10. Effect of pre acclimatization in-vitro root-
ing tretmentes on survival percentage of date palm
cv. Sewi after three months of acclimatization
stage .

Auxin concentration ( mg |™)
Auxin type 0.0 0.5 1.0 Mean
NAA 33.33d 4440 c 55.56b |44.43B
IBA 33.30d | 66.67a | 55.56b |51.84 A
IAA 33.33d | 33.33d | 55.57b |40.74C
Mean 33.32C' | 48.13B' | 55.56 A'

Auxin concentration (mg ™)
Auxin type
0.0 0.5 1.0 Mean
NAA 13.07d 17.13bc 19.37a |16.52A
IBA 13.10d 16.60c 18.40ab | 16.03A
I1AA 13.00d 13.07d 16.67c |14.24B
Mean 13.06 C' | 15.60B' | 18.14 A'

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

From the previous results, the highest rooting
percentage found by NAA with the concentration of
1 mg/l. These results are in a harmony with those
El Hammady et al (1999) and Khierallah & Ba-
der (2007) who indicated that in rooting medium of
date palm cv Sewi. the addition of NAA led to an
increase in rooting percentage, with the concentra-
tion 0.5 mg/l which result in the best rooting per-
centage. Many researchers have mentioned the
importance of NAA in the rooting of date palm
shoots in vitro (Al-Maari and Al-Gamdi, 1997).
Usually in vitro grown micro- shoots are rooted in
an auxin -enriched medium to give rise to plantlets.
(Bekheet, 2013).

Acclimatization stage

Data in Table (10 and Fig. 1f) showed the
effect of pre acclimatization in vitro rooting
tretmentes on survival percentage of date palm cv.
Sewi after three month of the acclimatization stag .
Concerning the auxin type, the highest significant
survival percentage was found by IBA (51.84%)
but IAA had the lowest significant value (40.74%).
Regarding the auxin concentration, 1.00 mg "
gave the highest significant value (55.56 %) than
both other auxin concentrations . As for the inter-
actions between the studied factors, showed that

Means in each column, row and interaction with the same
letter (s) are not significantly different at 5% level.

Data in Table (11) show the effect of pre accli-
matization in vitro rooting tretmentes on plantlet
length of date palm cv. Sewi after three month of
the acclimatization stage . Results showed that the
highest significant plantlet length found by NAA
(18.97) but IAA gave the lowest significant value
(17.15) .Regarding the auxin concentration, 1.00
mg I'* had higher significant value (20.61) than
both other auxin concentrations. As for the interac-
tion between the studied factors, showed that the
highest significant values were gained by NAA. at
1 mg " (22.60), whereas the lowest significant
value was found by control treatment (15.00).

Table 11. Effect of pre acclimatization in-vitro root-
ing tretmentes on plantlet length (cm) of date palm
cv. Sewi after three months of acclimatization
stage.

Auxin concentration mg I*

Auxin type| 0.0 0.5 1.0 Mean
NAA 15.00e 19.30c 22.60a 18.97A
IBA 15.10e 18.65¢ 20.30b 18.02B
IAA 15.21e | 17.33d 18.92c 17.15C
Mean 15.10C | 18.43 B[] | 20.61A[]

Means in each column row, and interaction with the same
letter (s) are not significantly different at 5% level.

Results concerning the acclimatization stage
showed that micro-shoots obtained from 0.5 mg "
IBA treatment exhibited the highest survival per-
centage after 3 months in vivo. This result was in
an agreemen with those obtained by Al-Mana et al
(1996) who reported that rooting medium was an
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Direct embryogenesis and indirect organogenesis of date palm (Phoenix dactyliferalL.) 745
cv. Sewi using Immature female inflorescences

important factor in determining the extent of root perlite: peat moss (3:1) medium. lbrahim et al
formation of off shoots. The highest rooting per- (2017) reported that root formation of date.
centages were obtained using the following media,

Fig. 1. In vitro propagation of date palm cv. Sewi (a) Immature female inflorescences (b) Callus for-
mation (c) Direct embryo formation on 4 mg I* Picloram + 3 mg I* 2iP and 2 g I PVP. (d) Differentiat-
ed embryos obtained on medium supplemented with BA at 0.5 mg I (e) Rooting of microshoots on
half strength MS. medium containing NAA at 1.0 mg r (f) Acclimatizated plantlets produced from IBA
at 0.5 mg I treatment
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palm "Medjool and Khalas" shoots enhanced on
MS medium supplemented with 1mg I IBA in vitro.
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