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Abstract. In vitro micropropagation of date palm produced single-root-shoot plantlets on media contain-
ing activated charcoal. To produce vigorous multiple-root-shoot plantlets, structural modifications have
been done by induction of adventitious rooting and axillary shoot growth through the reculture of somatic
embryos to media devoid of charcoal but containing various combinations of NAA and BA. Four mea-
surements were conducted through this study, and revealed the presence of significant interactions
between auxin and cytokinin.

Average number of adventitious roots per plantiet was 6.2-6.4at0.1-1 mg/ANAA and 0 mg/ BA. This
optimum range decreased drastically when NAA was changed to higher or lower concentration or BA
increased to 1 mg/l. Higher levels of BA suppressed root formation at all levels of NAA combinations.

Average number of shoots per plantlét was 3.0-3.2 at 0-0.01 mg/l NAA and 0 mg/l BA. This optimum
range decreased sharply when NAA or BA concentrations were increased.

Optimum growth as expressed by average fresh weight attained per plantlet ranged from 2.650 g at
0.01 mg/l NAA with 0 mg/l BA to 2.812 g at 1 mg/l NAA with 1 mg/l BA. Differences between averages
at 0 and 1 mg/l BA changed in magnitude and direction as NAA was increased from 0 to 10 mg/l. Growth
was almost inhibited at higher levels of BA with higher levels of NAA.

Average number of proliferating embryos per original plantlet was 13.0-10.4 at 0.01-0.1 mg/l NAA
and 0 mg/i BA. This range decreased sharply at the higher levels of both factors.

Introduction
During the last two decades, extensive attempts have been made to propagate date

palm by means of tissue culture [1-8}. A substantial success has been reported by the
discovery of asexual embryogenesis in callus tissues of date palms [4].
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However, the source of callus tissue was the immature seeds and not derived
from vegetative parts of the palm. Later on, the most successful vegetative micro-
propagation was experimented by Tisserat [5]. Along with other investigators, they
succeeded to produce date palm plantiets from embryogenic nodular callus tissue
originated from offshoots [9]. Histological studies on the development of adventive
embryos from the callus proved that callus nodules were the precursors of the vegeta-
tive proembryos. They were forced to originate from single meristematic cells
located in the epidermal portion of the calius aggregates grown on basal medium sup-
lemented with 100 mg/1 2,4-D, 3 mg/l 2ip and 3 g/l activated char COAL [10].

In 1986, Mater [11] confirmed the resuits of Tisserat et al. [9] concerning plantlet
production in vitro. He used quarters of the shoot tips (fragmented shoot tips) iso-
lated from date offshoots to produce the embryogenic callus on a medium containing
high level of the auxin 2,4-D (10-100 mg/1); 2 mg/l of each of the cytokinins BA and
kinetin and 3 g/l activated charcoal. The plantlets were produced first; by subcultur-
ing the embryogenic callus to a medium containing 0.1 mg/t NAA and second; by
transfering the mature callus nodules to fresh medium where they germinated and
produced whole date palm plants {11]. Young leaf pieces excised from the heart of
offshoot without destroying the source material were also used as leaf explants.
When cultured on medium containing 100 mg/l 2,4-D with charcoal they usually
turned brown and died. However, occasionally few cell layers of callus were formed
at the wounded margins. If such callus cells were cultured in agitated liquid medium
before browning of the pieces; they initiated cell suspensions from which a large
number of somatic embryos were differentiated and subsequently produced plantlets
[12].

Tisserat [13] studied the factors involved in the production of plantlets from date
palm callus cultures, in order to find a suitable procedure for rapid propagation of
free living date plantlets from callus tissue. He observed that plantlet initiation from
embryogenic callus was related to auxin pretreatments. He also found that adventiti-
ous rooting of the plantlets in vitro could be improved by subculturing the isolated
embryos to a medium containing (-10 mg/l NAA or IAA devoid of charcoal. The
optimum adventitious rooting responses and survival in free living conditions were
obtained by reculturing the embryos on a medium containing 0.1 mg/l NAA for 8-16
weeks.

Axillary shoot growth were found to be common on a variety of media [13]. In
a recent study, plantlets 2-4 months old produced additional shoots in 30-40% of the
cultures. Two to three shoots per plantlet were the most common when grown on a
medium supplemented with 0.1 mg/l NAA. Attempts to increase the number of
shoots with cytokinin were not significant. Histological examination revealed that
these additional shoots were derived from lateral bud proliferations [14].
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It appeared that the most important factor limiting the in vitro date palm pro-
duction was the plantlet survival in free living conditions. This was obviously related
to vigor of rootshoot system or density of adventitious rooting and axillary shoot
growth in plantlets. Since the previous reports provided almost no information con-
cerning the quantitative measurements of this density as influnced by auxins and
cytokinins. The present study is a continuation to the previous qualitative study [15].
The objective was to investigate the effects of NAA, BA and their possible interac-
tions on number of roots, number of shoots per somatic embryos and other related
parameters during the in vitro micropropagation of the date palm.

Materials and Methods

Production of somatic embryos

Dissected offshoots of the date palm Phoenix dactylifera L. cv. Hallawi were
used as a source for isolating shoot tips. Segment explants consisting of quarters of
the shoot tip were employed for generating embryogenic nodular white callus tissue.
The callus was propagated and maintained on a medium containing high level of 2,4-
D (10 mg/l) with charcoal in the dark. Initiation of somatic (vegetative) embryos
were promoted by subculturing the callus to a medium containing low level of NAA
(0.1 mg/1) with charcoal in the light. Uniform embryos averaging 5 mm long were
harvested periodically from the cultures [11].

Induction of adventitious roots and axillary shoots

Harvested embryos were recultured individually on a fresh medium containing
NAA and charcoal to produce single-root-shoot plantlets, and on media containing
various combinations of the auxin NAA with the cytokinin BA without charcoal to
produce multiple-root-shoot plantiets. In the latter, NAA was used as one factor at
0,0.01,0.1, 1, and 10 mg/l concentration levels in combination with BA as a second
factor at the levels of 0, 1, 10 and 100 mg/1; and the procedure was continued accord-
ing to the previous study of Mater [15].

After three months of incubation in the light, fresh weights of plantlets were
recorded, and number of adventitious roots (including the primary root) and
developing shoots (including the main shoot) per plantiet were counted in all cultures
of the various NAA-BA combinations. In some cultures where original embryos pro-
duced callus which in turn produced further proliferating embryos, number of those
extra embryos per culture were also counted.

Data collected from this experiment were subjected to factorial analysis of vari-
ance at the 5% level of probability. The auxin NAA was considered as the A-factor
at 5 levels and the cytokinin BA as the B-factor at 4 levels. The main effect of each
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factor and their interactions were calculated and expressed in term of F A’ FB, F AB
values respectively, and the simple effects were tested by LSD values according to

Steel and Torrie [16, pp. 194-231].

The research was conducted at the Department of Horticulture., College of
Agriculture, University of Basrah.

Results

Growth on a media containing activated charcoal

Embryogenic callus tissue was produced after an incubation period of 8-10
months from the beginning of the original culturing of explants on a medium contain-
ing 3 g/l activated charcoal and 100 mg/ 3,4-D. This period was found to be essential
for the initial callus to be converted to an embryogenic one. Callus aged less than 6
months had no embryonic structures. Propagation of callus was best when cultured
on a medium containing 10 mg/l 2,4-D in the dark. Differentiation of somatic
embryos from the embryogenic callus on a medium containing 0.1 mg/l NAA in the
light produced few embryos (averaging 5 mm long) per culture every one and half
months. Reculturing of individual embryos to a fresh medium resulted in elongation
of cotyledenary sheath and growth of primary roots (Fig.1). Entire signle-root-shoot
plantlets were produced after 2-3 months where they became ready for transplanting
to free living conditions (Fig. 2).

Growth on a media devoid of charcoal, containing NAA-BA combinations

Reculture of somatic embryos (averaging 5 mm long} on a media without char-
coal but containing various combinations of NAA and BA resulted in different
developmental patterns of growoth. Adventitious root formation and axillary shoot
development were obtained in different treatment combinations (Fig. 3).

The effects of 5 levels of NAA combined with 4 levels of BA, on number of
roots/somatic embryo were summarized in Table 1. Criterion test of significance
revealed that both factors are not independant from each other as indicated by the
presence of significant interaction between NAA and BA (F, , = 2. 190}, The main
effect of the cytokinin BA was also significant (F, = 10.260"), while the effect of
auxin NAA was not significant (F, = 2.178 ns). The significant interaction between
NAA and BA indicates that the effect of NAA on number of roots/embryo depended
on BA level and vice versa. BA at high concentrations (10 and 100 mg/1) suppressed
root formation at all levels of NAA (mean=0.000) while BA at 1 mg/1 allowed for
very little rooting (mean=0.120 roots/embryo). Meanwhile BA at 0 mg/l gave the
highest average number of rootsfembryo (mean=3.000}. In the absence of BA, aver-
age number of roots/embryo depended on NAA levelsi.e. 6.4 and 6.2 roots/embryo
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Fig. 1. Somatic embryos resulting from germination of callus nodules showing elongation of
cotyledons and growth of primary roots.

Fig. 2. Single-root-shoot plantlet (3 months oid) produced from reculturing individual somatic
embryo on a medium containing 0.1 mg/l NAA with charcoal in the light .
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Fig. 3. Multiple-root-shoot plantlets (3-months old) produced from reculturing individual soma-
tic embryos on a media containing 0.1 mg/l NAA and 0-1 mg/l BA without charcoal in the
light.
at I and 0.1 mg/l NAA respectively. These values were significantly different from
these obtained at higher or lower concentrations of NA A as indicated by LSD value.
Thus they represent the preferable range for root formation.

The effects of NAA and BA combinations on number of shoots/embryo
revealed signficant main effects (F A=24.061:" and F, = 34.392*%) and exerted signif-
icant interaction on each other (F, .= 3.936 ) (Table 2). BA at the highest concen-
tration (100 mg/l) suppressed shoot growths at all levels of NAA (mean = 0.000
shootsfembryo).

Likewise, NAA at the highest concentration used (10 mg/l) suppressed shoot
growth at all levels of BA (mean = 0.000). In general, number of shoots/embryo
increased as the level of BA or NAA decreased. The significant interaction between
the two factors showed that differences between average numbers of shoots/embryo
at 0 and 1 mg/l BA increased in magnitude as NAA levels increased from 0 to 0.1.
Also the differences between these averages at low levels of NAA changed in mag-
nitude (increased then decreased) as BA level increased from 0 to 1, and from 1 to
10 mg/l respectively. Differences between average numbers of shoots/embryo (sim-
ple effects) at the low levels of the two factors (BA at Oand 1 mg/l, and NAA at 0 and
0.01 mg/1) were not significant. However, averages of these four combinations were
significantly different from most of the averages in the other combinations as indi-
cated by LSD value. Thus they represent the preferable ranges of hormonal balance
for shoot growth.
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Table 1.  Effects of NAA and BA combinations on number of roots per somatic date palm embryo recul-
tured on a media devoid of charcoal.

Number of roots per embryo

NAA (mg/l)
BA mean F
(mg/) 0 0.1 0.1 1 10
0 1.00 1.40 6.20 6.40 0.00 3.00 A=2.178ns
B=10.260*
1 0.20 0.20 0.20 0.00 0.00 0.12 AB=2.190*
10 0.00 (.00 (.00 0.00 0.00 0.00
100 0.00 .00 0.00 .60 0.00 0.00
mean (.30 0.40 1.60 1.60 .00 LSD 2.91

Table2.  Effects of NAA and BA combinations on number of roots per somatic date palm embryo recul-
tured on a media devoid of charcoal.

Number of shoots per embryo
NAA (mg/)
BA mean F
(mg/l) 0 0.01 0.1 1 10
0 3.00 320 2.20 0.40 0.00 1.76 A=24.061*
B=34.392*
1 2.40 1.60 0.00 0.00 0.00 0.80 AB=3.936*
10 0.20 0.00 2.00 0.00 0.00 0.44
104 0.00 0.00 0.00 0.00 0.00 0.00
mean 1.40 1.20 1.05 0.10 0.00 LSD 1.96

The effects of NAA and BA combinations on fresh weight attained per embryo
after three months of incubation in the light indicated that the main effects of both
factm:s and their interaction were significant (F A= 6.571", FB: 13.947", and F AR =
3.678 ) (Table 3). The growth of somatic embryos as expressed by fresh weight/
embryo was inhibited by treatment combinations of high concentrations of BA (10
and 100 mg/1) with high concentrations of NAA (1 and 10 mg/1) as compared to other
combinations of low concentrations of BA (0 and 1 mg/l) with low concentration of
NAA (0, 0.01 and 0.1 mg/1). Thus, the later BA/NAA combinations represent the
proper ranges of hormonal balance for attaining optimum fresh weight per embryo.

Significant interaction between the two factors at their low levels revealed that
the differences between averages of fresh weight/embryo at 0 and 1 mg/l BA were
changed in both magnitude and direction as NAA concentration increased from 0 to
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Table3.  Effects of NAA and BA combinations on fresh weight of somatic date palm embryo recultured

on a media devoid of charcoal,
Fresh weight of embryos(g)
NAA (mg/M)
BA mean F
(mg/M) 0 0.01 0.1 I 10
0 0.990 2.650 1.036 0.666 0.100 1.088 A=6571"
1 1.012 1.150 1.350 2.812 0.442 1.353 B=13.947*
10 0.088 0.986 0.438 0.362 0.124 0.400 AB=3.678*
100 0.328 0.320 0.266 0.178 0.078 0.234
mean 0.604 1.276 0.772 1.004 0.186 LSD 0.905

10 mg/l. With the absence of BA (0 mg/l), average fresh weight/embryo attained its
highest value at 0.01 mg/l NAA. This value (2.650g) was significantly different from
these values obtained at higher or lower concentrations of NAA. This simple effect
of NAA was changed and the highest value occurred at 1 mg/l NAA when BA was
increased to 1 mg/l. The latter average of fresh weight/embryo was also significantly
different from those at higher or lower concentrations of NAA.,

The effects of NAA-BA combinations on the number of proliferating embryos
per original somatic embryo showed that the main effect was significant for both fac-
tors (F, = 9.710" and Fp = 24.959") (Table 4). Number of proliferating embryos/
original embryo decreased as BA concentrations increased from 0 to 100. The signif-

Table 4.  Effects of NAA and BA combinations on number of proliferating embryos from somatic date
pailm embryo recultured on a media devoid of charcoal.

Number of proliferating embryo

NAA (mg/l)
BA mean F
(mg/M) 0 0.01 0.1 H 10
0 3.60 13.00 10.40 0.40 0.20 5.52 A=9180*
1 2.00 1.40 1.80 0.20 0.00 1.08 B=24.959*
10 0.40 1.00 0.20 0.00 0.00 0.32 AB=6.107*
100 0.00 0.00 0.40 0.00 0.20 0.12
mean 1.50 385 3.20 0.15 0.10 LSD 7.156

icant interaction between the two factors(F, , = 6.107") revealed that diffrences
between averages of these extra embryos proliferated at 0 and 1 mg/l BA increased
in magnitude to a maximum value as NAA increased from 0 to 0.01 mg/l, and
decreased thereafter when NA A was further increased to 10 mg/l. The highest value
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attained at the combination of 0.01 mg/l NAA and 0 mg/l BA (13.000 embryos/orig-
inal embryo) was significantly different from those values obtained at lower or higher
than 0.01 mg/l NAA. Nevertheless, the differences were insignificant when BA con-
centration was increased to 1 mg/l or higher.

Discussion

Results of culturing somatic date embryos at an early stage of development
(when cotyledonary sheath reached about 5 mm long) on media devoid of charcoal
but containing different combinations of NAA with BA showed distinct growth and
developmental responses as combinations changed from one treatment to another.
Measuring the four observed responses (number of adventitious roots, axillary
shoots, proliferating embryos, and fresh weight) at 5 levels of NAA combined with
4 levels of BA tevealed the presence of an interaction between NAA and BA at all
the four measured parameters.

The auxin NAA proved to be an important plant hormone for induction of
adventitious rooting in date palm plantlets [13-15]. The cytokinin BA, which is well
known to enhance shoot growth in plants, was not as critical as NAA in its effect on
axillary shoot growths in date palm plantlets [13,14].

The significant interaction between NAA and BA on adventitious rooting of
embryos indicated a severe suppression of adventitious rooting at high concentra-
tions of BA or NAA. This was expected to occur since high concentrations of auxin
or cytokinin or both inhibited vegetative growth and shifted the culture to callus
growth [9,11].

However, at low concentrations the highest average number of roots per
embryo occurred when BA was at 0 mg/l and NAA kept between 0.1-1 mg/1 (Table-
1). This result indicates that BA must be excluded if the objective is to attain
maximum rooting regardles of shoot growth.

The interaction effect on axillary shoot growth also showed that any of NAA or
BA at its highest concentrations used suppressed shoot growth at all levels of the
other factor. This complicated relationship restricted normal shoot growth to those
combinations at the lower concentrations of NAA and BA (Table 2). Highest aver-
age number of shoots per embryo occured whenBA concentration was between 0-1
mg/l and NAA between 0-0.01 mg/l. This result indicates that NA A must be lowered
to the range 0-0.01 mg/l if the objective is to attain maximum shoot growth within BA
range of 0-1 mg/l.

-Accordingly, combined optimum of adveatitious rooting and axillary shoot
growth could be obtained at NAA concentrations between 0,01-1 mg/l and BA
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excluded from the media. Practically small amounts of NAA or BA are always
absorbed and carried by the recultured embryos from the last culture vessels to the
fresh media. This may sufficiently account for the interpretation of the uncertained
results or the contradictory observations about the BA effects in the previous reports
[13-15].

A third significant interaction between NAA and BA levels as measured by
embryo fresh weight indicated embryo growth was inhibited by those combinations
at high levels of both factors. The optimum fresh weight was reached at BA combina-
tions between 0-1 mg/l and NAA between 0-0. 1 mg/l (Table 3). These wide ranges of
concentrations for obtaining average fresh weights paralleled the former range of
concentrations for obtaining optimum adventitious rooting and axillary shoot
growth. Such results ascertain the fact that the highest fresh weight per embryo could
be expected from the densely multipled-root-shoot plantlet.

The fourth significant interaction detected between NAA and BA was on the
number of extra embryos proliferating from original recultured embryo. With the
increased levels of both factors the number was decreased. When BA concentrations
were between 0-1 mg/l and NAA between 0-0.1 mg/l, number of proliferating
embryos per original embryo reached their highest values (Table 4). Since these
accompanied embryos are structurally weaker and nutritionally competing with the
original one, they were considered undesirable.

It is obvious that NAA concentrations between 0.01-0.1 mg/l and BA at 0 mg/I
which were shown to be the optimum ranges for multiplication of root-shoot growths
were also encouraging the proliferation of undesired embryos. The latter was very
much minimized when BA concentration was shifted from 0 to 1 mg/l which was
shown to be less optimized for root-shoot multiplication in date palm plantlets.
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