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Abstract.Plantlets derived from shoot-tips of
seedlings from five cultivars of date palm, Phoenix
dactylifera L., were subjected to polyethylene glycol
in liquid medium. Comparisons of water loss of
detached leaves among in vitro-grown, polyethylene
glycol-treated and greenhouse-grown plants showed
significant differences with treatment for all cultivars
studied. For each freatment, significant differences
were also found among cultivars. The common result
was that the percent of moisture loss of non-treated in
vitro-grown plantlets was almost twice that of
greenhouse-grown plants. Polyethylene glycol-treated
plantlets showed a water loss of approximately 27%,
similar to that of greenhouse plants as compared to an
average of 40% in control plants. This demonstrates
the possibility of using polyethylene glycol as an
osmoticum for in vitro acclimatization of plantlets
prior to transfer to soil.

Abbreviations : EW, epicuticular wax; MS,
Murashige and Skoog (1962) medium; NAA, o
naphthalene acetic acid; PEG, polyethylene glycol;
PPFD, photosynthetic photon flux density.

Introduction

One of the major obstacles to the practical application
of plant tissue culture to mass propagation has been
the difficulty of successful transfer of plantlets from
in vitro conditions to a soil medium (Boxus and
Quoirin, 1977; Preece and Sutter, 1991). Even when
gradual acclimatization has been used, poor survival
and slow growth of plantlets have been commonly
reported (Lee ef al.,, 198S; Pierik, 1987; Crane and
Hughes, 1990). This is unfortunate because the
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ultimate success of plant tissue culture as a
commercial means of plant propagation depends on
the ability to transfer plantlets out of culture on a
large scale, at low cost, and with a high survival rate.
Acclimatization presents challenges at least equal to
those posed by the initiation of cultures because it
marks the end of artificial control and the beginning
of autonomous plant growth. Approximately 20 years
ago, Murashige (1974) stated that research concerning
the preparation of in vitro plantlets for transfer to soil
had been neglected. Since that time many scientists
have become interested in the effects that the transfer
process has on tissue cultured plantlets (Grout and
Crisp, 1977; Sutter and Langhans, 1982; Ziv, 1986;
Zaid, 1990; Debergh, 1991; Preece and Sutter, 1991).
PEG has only recently been used in vitro to reduce
desiccation and death ex vitro. (Short et al., 1987,
Dami and Hughes, 1991; Safadi, 1992). Hence, the
need for expensive and time-consuming
acclimatization procedures in the greenhouse could be
eliminated or at least reduced. The objective of the
present study was to determine the effect of PEG on
moisture loss of in vitro-grown date palm plantlets.

Materials and Methods

Seedling shoot tips from five date palm cultivars (Majhool, Deglet
Nour, Khadraoui, Zahidi and Sayer) were cultured in vitro as
described by Zaid and Tisserat (1983). Six-month old tissue
cultured plantlets with one pair of expanded leaves and three roots
which where approximately five cm in length were used for this
study as controls. Shoot-tip-derived plantlets were cultured on 50
ml liquid MS medium with 0.1 mg/l of NAA and 20% (w/v) of
PEG 8000 (Sigma Co.) with a molecular weight of 7000-9000.
The water potential provided by the PEG augmented media was -
1.1614 MPa. Culture conditions were 26 + 3°C with 16 hours light
supplied by cool fluorescent lights at 80pumol m? s PPFD. The
plantlets were supported by filter paper bridges and grown for one
week before transfer to soil.  Each treatment consisted of 10
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replicates of one plant per jar (200 x 50 mm). Greenhouse-grown
seedlings were six-months-old and were grown under ambient
temperature (25° + 5°C) and natural light.

Leaves from the in viro-control, in vitro acclimatized (PEG
treated) and greenhouse-grown plants were examined for rate of
moisture loss when detached and allowed to air-dry (approximately
10% relative humidity) with time. All expanded leaves were six-
months-old. Twenty leaves for each treatment were weighed
immediately after excision from plants and then every 30 minutes
thereafier for 4 hours. Dry weights were obtained after oven
drying (70° +2°C) for 24 hours. The percentage moisture loss was
calculated using the following formula:

(W, -DW) - (FW, - DW,)
FW, - DW)

x 100

Where FW,, = fresh weight at time zero, FW, = fresh weight after
time, DW, = dry weight.

The moisture loss data were analyzed by SAS (1985) using analysis
of variance for repeated measurements and student-Neuman-Keuls
test for mean separation at the 5% level of significance.

Results and Discussion
The Percent Moisture Loss Study

Six-month old greenhouse-grown seedlings from the
five date palm cultivars lost an average of 20 to 30%
water after the first hour and 50 to 60% after 4 hrs
(Table 1). *Majhool’ seedlings had the lowest percent
moisture loss (22 and 52 after 1 and 4 hrs,
respectively) while *Zahidi’ seedlings had the highest
percent moisture loss (30 and 62 after 1 and 4 hrs,
respectively). A significant difference was found
between these two cultivars (Majhool and Zahidi) at
both 1 and 4 hours. This reflects the typical cultivar
habit in that *Zahidi’ is grown under irrigation while
"Majhool’ is grown in the drier areas of cultivation.
There were minimal differences in water loss among
the other three cultivars. In plantations, these three
have similar water requirements and are often grown
in the same area.

The percent moisture loss of in vitro-grown leaves
was considerably greater than that of greenhouse-
grown plants of similar age (Tables ! and 2). This is
true at each of the 30, 60, 120, 180 and 240-minute
intervals of air-drying. These tables also show that
after 60-minutes, an average difference of 100%
greater water loss was found for all cultivars. It
clearly demonstrates the inability of in vitro-grown
nonacclimatized plants to resist desiccation. Similar
results were reported for tobacco (Safadi, 1992),
’Silvan’ blackberry (Donnelly ef al., 1987), Solanum
laciniatum (Conner and Thomas, 1981), ’Valiant’
grape (Dami, 1991), Brassica oleracea var. botrytis

Table 1. Percent moisture loss from detached leaves of six-
month-old greenhouse-grown seedlings of five date palm cultivars

% Moisture loss with time in minutes®
Cultivar 30 60 90 120 180 240

Majhool 107B  219B 30.7B 36.1B 429B 519B
Deglet 142B 225B 294B 367B 459B 552AB
Nour

Sayer 182A 267A 343AB 41.2AB 50.2AB 57.3AB
Khad- 17.0A 257AB 322AB 394AB 49.6AB 56.2AB
raoui

Zahidi 19.1A 297A 372A 441A 537A 621A

* Each freatment combination is an average of 20 leaves with percent

moisture loss calculated as follows:

LquL' DW.) hnd (FW. il Dwa)
(FW, - DW)

% moisture loss = x 100

For each time, means not followed by a common letter differ
significantly from one another at 0.05 level of significance -

Table 2. Percent moisture loss from detached leaves of six-
month-old in vitro-grown seedlings of five date palm cultivars

% Moisture loss with time in minutes®
Cultivar 30 60 90 120 180 240

Majhool 229B 40.2A 46.8B 529C 66.1AB 723BC
Deglet 315A 583B 668A 72.6A 814C 855A
Nour '

Sayer 267A 447A 522A 57.5AB 642B 69.9C
Khad- 207B  421A S50.1AB 597A 687A T71.1A
raoui

Zahidi 234AB 413A 48.6AB S55.1BC 68.8A 76.5AB

® Bach treatment combination is an average of 20 leaves with
percent moisture loss calculated as follows:

W, - DW,) - (FW, - DW,
% moisture loss = & (FW) N g)wl) 2 x 100
o

For each time, means not followed by a common letter differ
significantly from one another at 0.05 level of significance

(Grout and Crisp, 1977, Wardle ef al., 1983), Malus
domestica (Brainerd and Fuchigami, 1981; Sutter,
1988) and Pseudotsuga menziesii (Mohammed and
Vidaver, 1990).

In vitro-grown (control) plantlets of *Deglet Nour’
were the most sensitive to desiccation with the highest
percent moisture loss of 58.3 and 85.5 after 1 and 4
hrs, respectively (Table 2). Seedlings from the other
cultivars had an average water loss of approximately
40 and 70% after 1 and 4 hrs, respectively.



Effect of Polyethylene Glycol (PEG)

In vitro-grown PEG-treated (acclimatized) plantlets
showed a lower water loss than in vitro-grown, non
PEG-treated plantlets (Tables 2 and 3). This was
observed in all cultivars. ’Deglet Nour’ control
plantlets lost 58% and 85% water after 1 and 4 hrs,
respectively, while the PEG-acclimatized plantlets lost
27% and 49% water after 1 and 4 hrs, respectively
(Tables 2 and 3).

Table 3. Percent moisture loss from detached leaves of six-month-
old in vitro PEG-treated seedlings of five date palm cultivars

%Moisture loss with time in minutes®
Cultivar 30 60 90 120 180 240

Majhool  142C 273A 328A 369A 435A 482A
Deglet 16.6BC 27.1A 32.1A 364A 443A 49.1A
Nour

Sayer 23.0A 29.0A 358A 43.0A 492A 56.0A
Khad- 21.3AB 328A 387A 443A 496A 539A
raoui

Zahidi 16.1BC 263A 307A 356A 41.7A 451A

* Each treatment combination is an average of 20 leaves with
percent moisture loss calculated as follows:

W, - DW) - (FW, - DW,
% moisture loss = € (FW) -(II;W ) ) x 100
to

For each time, means not followed by a common letter differ
significantly from one another at 0.05 level of significance

Greenhouse-grown plants (Table 1) and PEG-
acclimatized plantlets (Table 3) showed little
difference in water loss over time for all cultivars.
Table 4 shows that there is a significant difference in
percent water loss between greenhouse-grown plants
and in vitro-grown plantlets of cv. Sayer. However,
no significant difference was found between
greenhouse-grown and PEG-treated in vitro plantlets
of this cultivar. Other cultivars behaved similarly
(data not shown), hence it is apparent that PEG has a
potential use in the acclimatization of in vitro-grown
plantlets. In vitro-grown leaves were obviously
shriveled as compared to those of PEG-acclimatized
and greenhouse-grown plants. Furthermore,
observations of relative performance (data not
included) showed a greater survival of transferred
PEG-acclimatized plantlets.
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Table 4. Percent moisture loss from detached leaves of seedlings
of date palm ’Sayer’ grown under different conditions

% Moisture loss with time in minutes®
Cultivar 30 60 90 120 180 240

GH 6 MO 18.23A 26.70A 3425A 4120A S5023A 57.27A

IV6 MO 2675B 44.75B 52.23B 57.52B 64.20B 69.88B

IV6 MO 2299B 29.99A 3578A 42.96A 4921A 56.00A
+ PEG

* Each treatment combination is an average of 20 leaves with percent
moisture loss calculated as follows:

FW, - DW) - (FW, - DW,
% moisture loss = G (FW,. - D3)V ‘)(F ) x 100
o

For each time, means not followed by a common letter differ
significantly from one another at 0.05 level of significance

Acclimatized plantlets thus should be able to
minimize desiccation caused by transplantation to
greenhouse or field conditions. These results confirm
previous studies where PEG has been used as an
osmoticum to decrease the water potential of culture
solutions (Heyser and Nabors, 1981; Kawasaki et al.,
1983; Bhaskaran et al., 1985).

Based on this research and similar results with
cauliflower and chrysanthemum (Short er al., 1987),
tobacco (Safadi, 1992) and grape (Dami, 1991), it is
possible to use PEG as a means to acclimatize in
vitro-grown plantlets and to reduce their subsequent
desiccation and improve survival after transfer. If
true, the need for expensive and time consuming
acclimatization procedures in the greenhouse could be
eliminated or at least reduced.

However, further research is necessary to more
precisely quantify the percentages of water lost
through the stomates and through the cuticle. The
absence or low level of EW from in vitro-grown date
palm likely contributed to the rapid loss of water
during transplantation (Zaid and Hughes, 1989).

In conclusion, the in vitro-grown PEG-treated
plantlets were not significantly different in percent
moisture loss from greenhouse-grown plants, and
significantly less than untreated, in vitro-grown date
palm plantlets.
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