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ABSTRACT: The effect of L-proline at different concentrations 0, 25, 50,
100 and 200 mg/l on callus growth, callus globulrization degree, embryo
formation and embryo germination of date palm (Phoenix dactylifera L.)
cultivars (Zaghloul, Amry and Sakkoly) was studied. Friable callus of
different cultivars was obtained when shoot tip explants were cultured on MS

medium supplemented with 10 mg/l 2,4-D +3mg/l 2IP +1.5g/l activated '

charcoal (AC} for thirty two weeks with regular transformation to fresh
medium every four weeks. Pieces of friable calli (1x1cm) were cultured on MS
basal nutrient medium supplemented with 0.1 mg/l NAA +30 g/l sucrose +6 g/l
agar and different concentrations of L-proline for eight weeks. Different
concentrations of L-proline were added to MS medium supplemented with
0.5mg/l BA +0.5mg/l kinetin, 1g/l A C+40 g/l sucrose to study their effects on
growth and development of somatic embryos resulted from maturation stage.
The present study shows that, L-proline has several beneficial effects on
tissue culture system of date palm cvs during maturation stage. The highest
significant value of callus growth and globulrization of callus cultures were
observed when 200 mg/l L-proline was added to culture medium followed by
the addition of 100 mg/l L-proline. The highest number of embryo was
observed when L-proline was added to the culture medium at the
concentration of 200 mg/l. All concentrations of L-proline added to
germination medium increased significantly the number of germinated
embryos compared to control medium. The lowest values of all studied
parameters were obtained when culture medium devoid of L-proline.
Germinated embryos were rooted well on half strength MS medium + 0.1 mg/|
NAA + 0.05mg/i BA.

Key words: Phoenix dactylifera, L-proline, maturation, globulrization,
germination.

INTRODUCTION

Date palm, Phoenix dactylifera L.., belongs to Order: Palmales, Family:
Palmae (Areaceae) is one of the oldest fruit trees in the world and is
mentioned in the Qur'an and Bible. The genus Phoenix is named due to the
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purple colour of the dates that is similar to the purple dye the Phoenicians
were renowned for making. Dactylifera is Greek for ‘finger-bearing’ and
alludes to the shape of the dates. Areaceae family is contains over 200
genera and over 2500 species (Corner, 1966 and Tomlinson, 1961).

L-proline synthesis is implicated as a mechanism of alleviating
cytoplasmic acidosis, and may maintain NADP'/NADPH ratios at values
compatible with metabolism (Hare and Cress, 1997). Rapid catabolism of L-
proline upon relief of stress may provide reducing equivalents that support
mitochondrial oxidative phosphorylation and the generation of ATP for
recovery from stress and repair of stress-induced damage (Hare and Cress,
1997; Hare et al, 1998). L-proline is a major amino acid; the physiological and
biochemical role of L-proline in plant tissue culture is unclear. In intact
plants, L-proline is thought to have several protective functions against
stress since plant tissue subjected to stress accumulates endogenous L-
proline. The exact role of proline accumulation in intact plants is also unclear
but functions proposed includes osmoprotection (Delauney and Verma,
1993), enzymatic regulator functions (Stewart and Boggess, 1977) or the
storage of nutritional nitrogen and carbon reserves to be used during
recovery from stress (Jager and Meyer, 1997). Many studied stated that
proline functions in intracellular osmotic adjustment between cytoplasm and
vacuole (Sharp et al., 1990). Other hypothesis suggest that proline is a
protective agent of enzymes (Bandurska,1993) and intracellular structures, a
free radical scavenger or a storage compound of carbon and nitrogen for
lipid recovery from stress. Other investigators suggested that proline
overproduction in stressed conditions is an attempt to regulate cytosolic pH
(Binzel et al., 1989).

Several workers have been published describing some culture media for
organogenesis or somatic embryogenesis of date- palm (Al-Khayri and Al-
Bahrany 2004) & (Al —khayri and Abu-Ali 2006). The present study aimed to
investigate the effects of various concentrations of exogenous L-proline on
callus growth, callus globulrization, number of formed embryos during
maturation stage and somatic embryos growth and development during
germination stage of date palm genotype.

MATERIALS AND METHODS

This study was carried out during 2005-2007 at The Central Laboratory for
Research and Development of Date Palm at Giza- Egypt.

Plant material:

The propagation process started with the selection of healthy offshoots
from mother date palm (Phoenix dactylifera L.) of the three cultivars
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Zaghiloul, Amry grown in Rashid city and Sakkoty grown in Aswan, Egypt.
Selected young offshoots of 5-7 kg in weight and about 50-70 ¢cm in height
were carefully separated from adult date palm.

Sterilization of plant material:

Explants were surface sterilized under aseptic conditions. At first, they
were immersed in 70% ethanol for 30 sec. then lmmersed in 0.5 g/l mercuric
chloride (HgCl,) for 5 min. and thoroughly washed wlth sterilized distilled
water. After that, additional outer ieaves primordial Were removed from the
sterilized explants. These explants were then exposed to double surface
sterilization by commercial Clorox (5.25 % Sodlum hypochlorite) first one by
50% Clorox for 25 min then thoroughly washed with sterilized water. The
second one was by 50% Clorox for 25 min and then washed with sterilized
distilled water for three times. Some surrounding leaf primordial were
carefully removed and shoot tip explants with 4-6 leaf primordial were sliced
longitudinally into 4 sections and inoculated onto culture medium

Culture medium:

Murashige and Skoog medium (MS 1962) was used in this investigation.
Culture medium was supplemented with 10mg/l 2,4-D, 3mg /I 2iP, 40g/
sucrose, 100 mg/l glutamine and 1.5 g/l activated charcoal ( AC ) solidified
with 2.5 g/l phytagel. Prepared medium was adjusted to pH 5.7 + 0.1 and
distributed into small jars (200 ml); each one contams 35 ml of prepared
medium and then autoclaved at 121 °C and 1.5cm fins? for 25 min. Sterilized
shoot tip slices were cultured on previous medium for thirty two weeks with
regular transfer to fresh culture medium of the same composition every four
weeks to form callus (establishment stage). Cultures were incubated at 25 12 .
°C under complete darkness. This experiment was conducted to investigate
the effect of L-proline at concentrations of 25, 50,100 and 200mg/l in addition
to control medium (amino acid-free medium) on maturation and germination
stages.

Maturation stage:

Friable cailus resulted from establishment stage was divided into pieces
(1cm x1cm) and cultured on three—quarter MS medium supplemented with
0.1mg/l NAA (Mater 1986) in addition of activated charcoal and different
concentrations of L-proline. Jars were incubated at 25+ 2°C and light
intensity 1000 lux for eight weeks (four weeks interval). Callus -growth,
globularization of callus and number of mature embryos were recorded.

Callus growth and globularization of callus (embryogeneic callus
formation) were estimated visuaily according to Pottino (1981) as follows:
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Negative result (-) =1 Below average results (+) =2
Average results (++) = 3 Good results (+++) = 4

Germination stage (embryo growth and development):

In this stage, somatic embryos formed on previous stage was cultured on
3/4 MS medium supplemented with 0.5mg/l BA +0.5mg/l Kinetin, 1g/l AC+40
g/l sucrose (Hassan, 2002) in addition to different concentrations of L-proline
for eight weeks (four weeks interval) and incubated at 25%2 °C and light
intensity 2000 lux. After eight weeks the following data were recorded:

1-number of embryos 2- number of germinated embryos

The effect of L-prolin on previous stages was studied using 3
different genotypes of date palm Zaghloul cv. as a soft cultivar, Amry cv. as a
semi-dry cultivar and Sakkoty cv. as a dry cultivar.

Statistical analysis:

Data obtained were subjected to the analysis of variances of randomized
complete design Snedecor and Cochran (1980). LSD at 5% level of
significance was used to compare between means according to Steel (1960).

RESULTS

L-proline, at all concentrations used in this study, had an overall
beneficial effect on the date palm different cultivars. It promote the callus
growth, globulrization, increase number of embryos formation and number of
germinated embryos.

Effect of L- proline on callus growth of date palm different cultivars

Results in Table (1) indicated that mean of callus growth was significantly
increased by increasing concentration of L-proline in culture medium. The
highest significant value of callus growth was observed when 200 mg/l L-
proline was added to culture medium followed by the addition of 100 mg/l L-
proline (3.66 and 3.39 respectively) Fig.(1). No significant difference was
observed between the addition of 25 mg or 50 mg/l L-proline. While the
lowest significant value of callus growth was noticed by using medium
without L- proline. The effect of different cultivars of date palm reflected that
Zaghloul cv. produced the highest significant value of callus growth mean
(3.40), this value was reduced significantly to 2.93 or 2.87 with Amry and
Sakkoty cvs respectively. Interaction between the proline concentrations and
cvs of date palm had no significant differences. However the highest same
values (3.83) were achieved when Zaghloul cv cultured on medium with (50
or 100 mg/l) L-proline and Amry cultured on 200 mg/l L-proline.
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Table (1): Effect of L-proline on callus growth of date Ealm different cultivars

L-proline con. Date palm cultivars (B)
{(mg/l) A Zaghloul Amry Sakkoty Mean
Control(0) 2.50 2,33 2,17 233d
25 317 2.67 2.50 278 ¢
50 3.83 2.67 3.00 3147¢
100 3.83 3.17 3.17 3.39 ab
200 3.66 3.83 3.00 3.66a
Mean 340a 293b 2.87b
e

L.S.D (A) at 0.05 = 0.42
L.S.D (B) at 0.05 = 0.33
L.S.D (AB) at 0.05 = NS

Effect of L-proline on globularization of callus culture

The addition of L-proline significantly affected globularization of callus
cultures of date palm cultivars at different concentrations compared with
control medium. Table (2) shows that, when high concentrations of
exogenous L-proline (200 or 100 mg/l) were applied to culture medium
caused an increase in globularization degree (3.56 or 3.28 respectively) Fig.
(1). Also the addition of 50 mg/l L-proline to culture medium Improved
significantly globularization degree compared with the addition of 25 mg/l as
the values were (2.67 and 2.05 respectively). In respect to the cuitivar
response to L-proline data in Table (2) shows that no significant differences
were noticed among different cultivars. However Zaghloul and Amry cvs.
produced the highest same value (2.80), while Sakkoty cv. produced the
lowest value of globularization degree. Interaction between L-proline and
different cultivars had no significant effect in this respect.
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Table (2): Effect of L-proline on globularization of date palm callus

L-proline con. Date palm cultivars (B)
(mg/l) A Zaghloul Amry Sakkoty Mean
Control(0) 1.83 1.67 1.67 1.72d
25 2.16 2.00 2,00 2.05 cd
50 2.83 2.50 2.67 267b
100 3.50 3.33 3.00 3282
200 3.67 3.50 3.50 3.56 a
Mean 2.80 2.80 2.57

L.S.D T(A) at 0.05 = 0.501
L.S.D CV(B) at 0.05 = NS
L.S.D (AB) at 0.05 = NS

Effect of L- proline on somatic embryos formation during maturation
stage.

Data in Table (3) and Fig.(2) revealed that, number of embryos formation
in maturation stage was affected significantly by the addition of L-proline to
culture medium. Increasing the concentration of L-proline in culture medium
form 25 to 200 mg/! significantly increased the mean of formed embryos
compared with control medium. The highest mean of embryos
(7.67embryo/explant) was observed when L-proline added to the culture
media at 200 mg/l. While the lowest significant value in this respect was
noticed (1.0 embryo/explant) when cuilture medium devoided of L-proline
(control medium). Variations in number of formed embryos as an indicator of
different tested date palm cultivars are clearly pronounced in Table (3).it
appeared that Zaghoui cv. over exceded Amry and Sakkoty cultivars
.Furthermore proline concentrations and different cultivars affected
significantly the number of formed embryo during maturation stage
pronounced in this Table.
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Table (3): Effect of L-proline on number of embryos formation of date palm
cultivar during maturation stage

—
L-Proline con. » Date paim cultivars(B)

(mgl/l) A Zaghloul Amry Sakkoty Mean

Control(0) 2,00 1.00 0.00 100e

25 3.00 3.00 200 267d

50 ~ 6.00 3.00 3.00 4.00c

100 8.00 6.00 3.00 5.67b

200 9.00 7.00 7.00 7.67a
Mean 5.60 A 4£ B 3.00C

L.S.D (A) at 0.05 = 0.95
L.S.D (B) at 0.05 = 0.74
L.S.D (AB) at 0.05 = 1.64

Effect of L-proline on growth and development of date palm
somatic embryos during germination stage:

Number of embryos formation:

Data in Table (4) shows the number of embryos that appeared during
germination stage as affected by L-proline and cvs. of date palm. L-proline
concentrations improved significantly the mean of formed embryos during
germination stage. Furthermore increasing the concentration of L-proline in
culture medium from 0.0 to 100 mg/l significantly increased the mean of
formed embryos from 20 to32 embryos/explant. However increasing the
concentration of L-proline from 100mg/l to 200 mg/l decreased significantly
the mean of formed embryos from 32 to 24.67 embryos/explant. L-proline free
medium produced the lowest significant value.

From the same Table data shows that the mean of formed
embryos/explant was affected by date palm genotype significant values 25.2
and 25.4 embryos/expiant respectively compared with Sakkoty cv. which
produced the lowest value. Interaction between L-proline concentrations and
date palm cultivars appeared to affect significantly the mean of formed
embryos. The highest significant values were obtained when either Amry or
Zaghloul were cultured on medium supplemented with 100 mg/l L-proline as
the values were 35 or 34 embryos/explant respectively.
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Table (4): Effect of L-proline concentration on date paim secondary somatic
embryos number during germination stage

L-Proline con. Date palm cultivars (B)
(mgll) (A) Zaghloul Amry Sakkoty Mean
Control(0) 14.00 21.00 20.00 2000 e
25 24.00 26.00 26.00 2533 ¢
50 28.00 22,00 24.00 26.33 b
100 34.00 35.00 27.00 32.00 a
200 31.00 32.00 11.00 24.67 d
Mean 25.20 a 25.40 a 20.60 b

L.S.D (A) at 0.05 = 0.99
L.S.D (B) at 0.05 = 0.76
L.S.D (AB) at 0.05 =1.72

Number of germinated embryos

Data in Table (5) revealed the number of germinated embryos of date
palm different cultivars as affected by L-proline concentrations. Results
show that all concentrations of L-proline used improved significantly the
number of germinated embryos/explant compared with control medium.
Medium containing 100 mg/l L- proline produced the highest significant value
of germinated embryos/explant followed by medium containing either 200
ma/l or 50 mg/l L-proline (21.0, 17.67 and 12.0 germinated embryos/explant
respectively). No significant difference could be observed between media
containing 50 or 25 mg/l L-proline. The lowest significant value was obtained
with medium lacking L- proline.

Table (5): Effect of L-proline on number of germinated embryos of date palm
cultivar during germination stage

L-Proline con. Date palm cultivars (B)
(mg/l) A Eghloul Amry Sakkoty Mean
Control(0) 9.00 5.00 8.00 7.33 e
25 12.00 9.00 13.00 11.33 cd
50 15.00 13.00 9.00 12.00 ¢
100 20.00 28.00 15.00 21.00a
200 18.00 26.00 9.00 17.67 b
Mean 14.80 a 16.20 a 10.80 b

L.S.D (A) at 0.05 = 3.13

L.S.D (B) at 0.05 = 1.54

L.S.D (AB) at 0.05 = 3.49
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In regard to the effect of date palm genotype Table (5) showed that
Zaghoul and Amry cvs produced significant value of germinated embryo
means compared with Sakkoty cv. which produced the lowest significant one
as the mean values of germinated embryos/explants were (14.8, 16.2 and 10.8
respectively). Interaction between L-proline concentrations and date palm
genotype had a significant effect on mean of germinated embryos/explant.
Amry cv. cultured on media supplemented with 100 mg/l or 200 mg/l L-proline
produced the highest significant value of germinated embryos/explant (12.0
and 17.67 germinated embryos respectively) without significant difference in
between. While the same lowest significant value 9.0 germinated
embryos/explant was observed when Zaghoul cv. cultured on control
medium or Amry cv. cultured on medium with 25 mg/l L-proline and finally
when Sakkoty cv. was cultured on media supplemented with 50 or 200 mg/|
L-proline. Generally germinated embryos were rooted well on half strength
MS medium + 0.1 mg/l NAA + 0.05 mg/l BA (Hassan 2007) as shown in Fig. (4).

DISCUSSION

The present study shows that L-proline has several beneficial effects on
the tissue culture system of tested date palm (Phoenix dactylifera L.)
cultivars. During maturation stage of date paim somatic embryos protocol,
the highest significant values of callus growth and globulrization degree of
callus cultures were observed when 200 mg/l L-proline was added to culture
medium, followed by the addition of 100 mg/l L-proline without significant
difference in between. Also the highest number of embryos was observed
when L- proline added to the culture medium at 200 mg/l. The lowest
significant value in this respect was noticed when culture medium devoiced
of L- proline.

Also data in this investigation showed the beneficial effect of L-proline on
growth and development of date palm somatic embryos during germination
stage . L-proline at different concentrations improved number of somatic
embryos and also enhanced the number of germinated embryos compared
with control medium which produced the lowest significant values.

These results are in agreement with Brisibe et al., (1994) which stated
that, on sugarcanes the addition of 300 mM proline to the MS callus induction
and suspension media supported the formation of embryogenic callus and
the proliferation of suspension aggregates with very high plant regeneration
capacities. This may be due to proline at 300 mM decreased water potential
of the media considerably, indicating that the cells might be osmotically
stressed. Osmotic stress mediated increase in plant regeneration has been |
observed in cultures of several species and was found to be associated with
an increased accumulation of storage reserves that present in cells of
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zygotic embryos. Ehsanpour and Fatahian, (2003) stated that, on Medicago
sativa, the addition of exogenous proline to the culture medium increased the
dry weight and free proline content of callus. In suspension cultures of
orchard grass, somatic embryogenesis was only stimulated by the addition
of proline in combination with serine (Trigiano and Conger, 1987). In alfalfa,
L-proline was found to have little effect on somatic embryogenesis without
the inclusion of ammonium in the medium (Stuart and Strickland, 1984). In
fact increment of embryogenic callus cultures due to Prolin presence have
been decommented in different plants as malze and sugarcane (Vasil and
Vasil, 1986; Fitch and Moore, 1993). These results reflect that proline might
act on growth as an additional nitrogen supply. Britikov et al., (1970) applied
radioactive labeled proline to leaves and inflorescences of plants and
obtained evidence that proline is an important nitrogen source in plant
metabolism. Holme et al., (1997)stated that ,on Miscanthus x ogiformis Honda
Giganteus the addition of L-proline at the concentrations 0, 12.5, 25, 50, 100
or 300 mM to the callus induction and suspension culture media ( containing
MS or N6 )for shoot apices and leaves from in vitro-propagated shoots,
~ affected the formation of embryogenic callus and the growth of suspension
cultures. Improvements depended on the L-proline concentration and the
basal salts of the medium. Addition of 12,5 to 50 mM proline to callus
induction medium with MS salts increased embryogenic callus compared
with N6 saits. Increased growth with increasing L-proline concentration was
obtained in suspension aggregates growth in medium with N6 salts, whereas
L-proline only increased growth of suspension aggregates grown in medium
with MS salts at concentrations of 12.5 or 25 mM. A stimulating effect of L-
proline on plant regeneration was observed in short-term cultures of callus
as well as in long-term cultures of suspension aggregates. An optimum L-
proline concentration for plant regeneration was found at 12.5 mM. This
concentration is similar to the optimum L-proline concentration found for
plant regeneration in rice and barley (Chowdhry et al., 1993; Rengel and
Jelaska, 1986). However, at these concentrations, L-proline seemed to
stimulate the growth of larger amounts of soft non-embryogenic callus within
the embryogenic callus resulting in fewer regenerated plants per callus. The
development of soft callus within the embryogenic callus has been observed
in other culture systems and is usually preceded by active growth of
embryogenic callus (Chandler and Vasil, 1984) indicating that fast
proliferation and growth are not necessarily beneficial for the attainment of
an optimal embryogenic response.
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200 meg/L 100 mg/L

Fig. (1): Effect of higher concentrations of L-Proline on callus growth and
globularization during maturation stage.

Control

S0 mu/L

200 mg/l.

Fig. (2): Effect of L-Proline concentrations on embryos formation during
maturation stage.
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Fig. (3): Root formation of germinated embryos of date palm cultivars
(Zaghloul, Amry and Sakkoty) resulting form L-Proline treatments.
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