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ABSTRACT

The study was aimed to investigate the ability of two date palm genotypes (Shamia and Amri)
to tolerate drought stress throughout their micropropagation period. Some morpho-physiological
basis of drought responses in the regenerated seedlings were evaluated. This may help in selecting
drought stress tolerance and detecting other quantitative traits. Direct organogenesis technique,
using shoot tip explants and supplementation of mannitol to the MS basal media has been chosen
to tackle this issue. The data indicated that emberyogenesis obtained in the two genotypes followed
normal development and had ability to competent to regeneration and converted into plantlets
under drought. stress conditions. However, swelling, numbers of embryos and shootsfjar, plantlet
height and roct length were decreased. All these parameters recorded higher values in Shamia
genotype than those of Amri. Photosynthetic rate, transpiration rate and stomatal conductance of
the regenerated plants in both date palm genotypes, were decreased whereas water use efficiency
was increased with an increase in water stress level. Shama genotype obtained higher values than
Amri genotype in this respect. Carbon isctope discrimination was higher (more negative values) in
shoots than in the roots and decreased with decreasing water supply. The values of maximum (Fm)
and variable {(Fv) fluorescence of the chlorophyll showed a significant reducing trend in both
genotypes under stressed condition. The quantum yield of photochemistry (Fv/Fm) was also
decreased. The mean Fv values as well as Fv/Fm ratio of both date palm genotypes in water
stressed plants were significantly lower than those in the control. It could be concluded that both
date palm genotypes studied, with the superiority of Shamia, have an ability to tolerate water stress
under tx vitro system. Chlorophyll fluorescence can be used as a tool, with other examined useful
physiological characters, to screening date palm genotypes for drought resistant.

Key words: Fhoenix dactylifera (Shamia and Amri genotypes), photosynthetic rate, stomatal
conductance, carbon 1sotope diserimmnation, chlorophyll fluorescence, photosynthetic
activity radiation

INTRODUCTION

Date palm (Phoenix dactylifera, Li., Arecaceae), 1s one of the most important and oldest, fruit
trees in the world and is menticned in Quraan and Bible. In Egypt, it is used alsc as an ornamental
plants as well as a source of fiber, fuel and furniture uses (Dowson, 1989; Khataab, 1985,
El-Kosary, 2009). Dates produced about 680000 tons fruits from about 9463911 millions fruitful
female plants. It decreased continually from the last century by about 12-15% from the total
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number of dates (FAO, 2004). To avoid date palm from extinction and because of the mitation of
the cultivated area in Egypt, it is important to select a suitable genotype for micropropagation from
existing elite cultivars having an ability to grow under the newly reclaimed soils. Low water
availability 1s one of most important limiting factor for date palm production in these regions
(El-Kosary et @l., 2009). El-Semea (2003) classified dates in Egypt arbitrary and conveniently
according to their fleshiness and available heat units (calculated in relation to zero level or 18°C
during the period from May up to the end of October) to soft (heat units 2100; Zaghloul, Barhee,
Amri, Samam and Bent Aisha), semi dry (heat units 3600; Aglany, Sewi and Meghil) and dry dates
(heat units 4700; Bartamuda, Sakkoty, Shamia Goundila, Karkoda, Digna, Khazali and Mekawi).

Low water availability impairing numerous biological roles causes yield reduction and affecting
the majority of the arable land around the world. Due to the limitation of water resources for the
agriculture uses, it is important to develop a suitable drought tolerant genotype (Bruce et al., 2002).

Inecreasing food production in stressful environments may be achieved through breeding of
crops that are more tolerant to the stress. The classical breeding for abiotic stress tolerance is quite
difficult, time-space and labour-consumming intensive because of the reduced genetic back ground,
the incompatibility between the wild resistant species with the plant varieties and lines
{Kl-Shihy and Monem, 1994; Costa Maria and Aloufa, 2008).

Generally, number of mechanics can contribute to an improved drought tolerance of the plants,
including morphological characteristics like deep rooting or metabolic regulators mechanism like
osmotic adjustment (Bloch and Hoffimann, 2005). Also, the use of physiological traits is very
relevant for plant improvement in dry envirenments (Mohammadian et al., 2003; Joseph ef al.,
2010). It appears that in vitro selection for stress tolerance will continue to have its significant place
in the strategy of establishing plant systems with optimal stress reaction and producing. However,
no strictly confirmed reports and little information on the direct effects of mannitol as a stress
factors on the physiological processes through the regeneration procedure of date palm are
available (Bartels and Sunkar, 2005).

Biotechnologies such as somaclonal variation obtained by tissue culture techniques offer a rapid
and reliable alternative in crop. Improvement purified mannitol and Polyethylene Glyeal (PEG)
have been found to have no injurious or toxic effects on the plant but inhibit growth by lowering
the water potential of the media. Thus, cultured explants are unable to take up water
{Khlers and Goss, 2003). These compounds have been long used to stimulate drought stress in
plants as non-penetrating osmotic agent lowering the water potential; in a way similar to soil
dryving. However, studies at a whole plant level revealed that the nature of correlation between
high productivity and stress tolerance is currently not well established and understood
{(Kl-Kosary et al., 2009).

The mechanism investigation of drought tolerance-date palm propagated by tissue culture
technique therefore, requires research focused on physiclogical processes such as photosynthesis,
assimilation and degradation as well as translocation mechanism (Van der Beek and
Heoutman, 1993).

Bloch et al. (2008) reported that when plants encounter water deficit there is a decline in
photosynthesis. This can be due to a reduction in light interception as leaf expansion is reduced or
as leaf senescence is accelerated. But it can also be attributed to reduction in CO, fixation per unit
leaf area as stomata close or as photo-oxidation damages the photosynthetic mechanism
(Bruce et al., 2002).
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Much of the reduction in CQ, assimilation under water deficit is due to stomatal closure and/or
direct inhibitory effects of water deficiency (Sharkey and Seemann, 1989; Seckin ef al., 2010). In
plants, higher stomatal conductance increases CO, diffusion into the leaf thereby favoring higher
net photosynthetic rates (Lopez et al., 2008). Genotypic differences in stomatal conductance can be
linked to variability for drought resistance (Ashraf et al., 2002).

The aim of the present investigation was to obtain tolerant date palm genotypes to water stress
using in vitro selection procedure. Fhotosynthetic activity parameters and water use efficiency;
WUE of the regenerated seedlings after acclimatization were evaluated for drought resistant.

MATERIALS AND METHODS

The present investigation was carried out at the plant tissue culture Dep. Genetic of Eng. and
Biotech. Res. Inst; GKBRI, El-Sadat city. Menofia Univ., Egypt and the laboratories of the Middle
Fastern Regional Radio-isotope Center for Arab countries Dokki, Cairo Egypt during the period
elapsed from April 2009 to November 2010,

The selected genotypes of date palm (Phoenix dacivlifera Li.) were expected to represent a wide
range of drought tolerance as comprised of the commercial arbitrary and conveniently according
to their fleshiness and available heat unit (El-Semea, 2003). The 1st is the Egyptian Shamia
genotype; dry genotype (heat units 4700), a genotype which has been successful over years in the
Aswan governocrate and is regarded as drought tolerant (Abdallah et @l., 1993). The second is the
Egyptian genotype Amri; soft genotype (heat unit 2100) which is putative drought susceptible due
to reduction in the root system and cultivated at Sharkia governorate (Abd-El-Hamid et af., 2001).

All chemical used for propagation were obtained from Sigma Comp (Merch, India). MS basal
nutrient solution, sucrose as energy source (30 g L"), gelrite as a gelling agent at 1.9 g L™! and
activated charcoal; A.C (3 g L™") were used. For oxidative browning control, a combination of
antioxidant eitric and ascorbic acids both at 75 mg L! were added as recommended by Helaly et al.
(2008). Polyvinylpyrrolidene, PVP (1500 mg LY and Ca-pantothenates (2.5 mg LY were also
added to the basal media based on the data of El-Bellaj et @l (2000). The pH of the media was
adjusted to 5.620.1 with 0.1 N KOH or 0.1 N HC1 pricr to addition of gelling agent.

Hardening and callus induction: Shoot tips explants from the two genotypes of female date
palm; Shamia and Amri were selected for plantlets regeneration through direct organogenesis
technique (Helaly et al., 2008), They were cultured on the MS basal media (Murashige and
Skoog, 1962) supplemented with mannitol at the levels of 0.0, 0.2 and 0.3 ML™! corresponding to
about -1, -5 and -7 bar esmotic pressure. The culture media of each treatment was distributed in
the culture jars (250 mL™), each one dispensed with 30-35 mL of the specific prepared media. Each
treatment was replicated 6 times. The culture jars were immediately copped with polypropylene
closures and autoclaved at 121°C b inch? for 20 min. The sterilized shoot tip explants were cultured
on the specific medium at the rate of one explant per jar and incubated at 25-27°C for 16/18 h
day/might condition using white fluorescent tubes giving intensity of about 1500 Lux.

The incubation period was took place for 30 weeks. The survived explants were transferred and
sub cultured on the same fresh specific media every six weeks. At each sub culturing date, the

survived and established degrees of the initial explants in both date palm genotypes were
calculated according to Pottine (1981).

Induction embryos to tolerant stress: To induce drought stress on the regenerated embryos
the specific basal MS media were used. The incubation was took place for 6 months with
4-sub-culturing, 6 weeks intervals at the same conditions previously mentioned.
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Plantlets formation: The obtained developed embryos clusters were induced to shoot formation
using a specific fresh basal media previcusly mentioned {0, 0.2 and 0.2 M mannitol/L). Small
clusters, each contained about 10-15 embryos were cultured under the same condition with 4
replicates. The mean numbers of produced shootsfjar, secondary embryos and shoot height were
recorded after twelve weeks.

The regenerated shoots were induced to form roots in cultured glass tubes (25150 mm; Borosil)
containing 20 mL of specific modified MS medium supplemented with 3 g L™ activated charcoal and
2 mg L7 indol buteric acid; IBA as recommended previously Helaly et al. (2008). They were
incubated in the growth room at the same conditions previously mentioned for 8 weeks. At the end
of incubation, plantlet heights, as well as root length were recorded.

Acclimatization and drought stress treatments: Acclimatization was took place during the two
growing seasons of 2009 and 2010, At 15th March in both seasons, the produced well-rooted
plantlets were selected from each treatment from the two genotypes at the end of plantlets
formation. They were removed carefully from the gelling media found in the cultured glass tubes,
under tap water, to minimize dehydration effects and obtained gelling media free plantlets.

The plantlets were immersed in Rizolex 5% fungicide (2 g L™ containing 2 drops of Tween 20
for 20 min and planted individually in plastic pots; tyrpido (5.5%6.5 em) containing optimum media
for hardening (peatmoss: sand: perlite; 1:1:1 v/} as recommended previously by
Helaly ef al. (2009). The pots containing plantlets were arranged, at random, in the acclimatization
room under 25+1°C and 1500 Lux light intensity for 16/8 h, photoperiod and about 80% relative
humidity. The pots were covered, enveloped and tightly clesed with a transparent polyethylene
sheets to provide high humidity atmosphere and light intensity around the plantlets.
Acclimatization was achieved by gradual reduction of relative humidity arcund the plantlets by
removing the plastic sheets along with four weeks. After two weeks, the bags were ruptured from
two places for two weeks before its completely opened and removed.

Hardening was took place for 48 days from transplanting. Throughout the hardening period,
Crystalone (20:20:20); commercial fertilizer of NPE, at the rate of 1 g L™' was used with the
irrigation of the pots every two weeks. The plantlets were transferred to plastic greenhouse and
were left to grow for 4 weeks, and percentage of survived plantlets, was recorded.

Seventy five hardening plantlets from each treatment of the two genotypes were selected and
transferred into plastic pots 25 cm inner diameter containing 9.0 kg fine sand at the rate of five
plantlets/pot.

Seedlings of both genotypes were thinned to 2 seedlings after 3 weeks. The substrates were
additionally covered with 1 kg of coarse sand to present evaporation. Seedling received optimal
nutrient solution according to El-Bella) et al. (2000). Water holding capacity; WHC of the media
was determined gravimetrically (Piper, 1950) as the amount of water retained by representative
samples of the substrate at pF 1.8 by subsequent drying of the samples at 105°C for 24 h. Water
supply was varied in three levels to 75% (control), 50 and 25% of WHC and were implemented two
weeks after transplanting. The pots were arranged completely randomized with 5 replications per
each treatment. Adjustment of the intended water content was accomplished on a weight basis
every two days. The vegetative period under the treatments was performed to 6 months in two
growing seasons. At the end of experiment, certain physiological parameters were estimated. The
plants were separated into roots and shoots. They were cleaned and the fresh weight was recorded.
Samples were oven-dried at 105°C for 24 hto a constant weight and the dry matter content was
weighted.
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Photosynthetic characteristic: Net photosynthesis rate, stomatal conductance, internal CQ,
partial pressure and transpiration rate were determined at the upper leaf surface well exposed to
sunlight of recently fully-expanded leaf (three leaves per treatment). CO/0, gas exchange and
reradiating intensity were measured using the portable promoter CIRAS S/N 110
{Combined Infrared gas Analysis system, p.p system, GB). The reference air stream had a flow rate
of 5 em’/s at 20°C and 1 bar air pressure. Its CO, concentration and water content were set to
350 ppm and 90% of the ambient air at the time of the measurement. The Photosynthetic Active
Radiation (PAR) was determined by a sensor of the leaf cuvette. A chlorephyll meter model
SPAD-B02 was used for chlorophyll measurement and the fast phase of chlorophyll-a fluorescence
variation was determined by the use of Plant Efficiency Analyzer (FEA) instrument. As dark
adaptation causes reaction centers of PSP to rest i.e., not involved in any photosynthetic reactions
(Papageorgiou, 1975) a portion of dark-adapted leaf was measured. Dark adaptation was induced
by a clip having a sliding opening. Measurements were made from 11.0 tall 14.00 O'clock after
30 min of dark adaptation. The plant efficiency analyzer was set on the light level of 4 and the
measuring time of two seconds, before starting up. Initial; fluorescence (F), maximal flucrescence
(F_), variable fluorescence (F) and the ratio F_/F_ were recorded according to Schreiber and Bilger
(1987). The used fluorescence parameter was » F/F' (effective quantum yield of photosynthesis),
which is calculated by the following equation:

F,E)F,

where, F'_being the chlorophyll fluorescence signal at its intermediate maximum and F, being the
steady state signal.

C diserimination was determined for shoot and root system. Carbon isotopes were analyzed
using an isotope mass spectrometer Finnigan MAT (Bermen, Germany), located at the Middle
Eastern Regional Radio-isotope Center for Arab countries, Dokki, Cairo Egypt as described by
Werner ef al. (1999) and the effects of carbon isotope are calculated as:

FC=[R,, . ~R,. . /R, .,]x1000

sample

-R being the "*C/"?C ratio of the sample and the standard Pee Dee Belemnite,
respectively. Carbon isotop diserimination was calculated as:

where, R

sample atandard

AOa)=(8,, —8,.,)/ (1 +8,,.Bex1000)

where, 8°C of air CO,is 8%

Water-use efficiency was calculated for total dry matter as well as for shoots and root system
separately according to Bloch et al. (2008) by dividing accumulated dry matter accumulation by
cumulative water use.

Statistical analysis: The experimental design was randomized complete blocks design with six
replications. All data were subjected to statistical analysis according to Steel and Torrie (1980).
Dunecan's multiple range test for genotypes, water stress levels and their interactions were
employed using SAS (2003).
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RESULTS AND DISCUSSION

In vitro parameters

Establishment of the initial explant: Data in Table 1 show that the survived and establishment
of the initial explant, during the embryo induction stage, was significantly increased with
advancement in culturing period up to 24 weeks and thereafter decreased. It increased from
1.54 at 6 weeks to 2.33 at 24 weeks. At 30 weeks the established degree was decreased to 2.9 level
compared with 1.45 at 6 weeks from the incubation period. These results are true overall drought
treatments and genctypes examined. At the end of culturing period (30 weeks), the survived
explants were subjected to the browning of the tissues and the adjacent media. These results are
in agreement with the finding of date palm plant tissues (Helaly et «l., 2008), which not only
deplete the nutrients that are furnished in the medium but also release substances that can
accumulate in the culture. These substances such as phencls may have profound physiological
effects on the culture tissues. Browning of the tissues and the adjacent medium is assumed to be
due to the oxidation of polyphenols and formation of quinines which are toxic to the tissue
(El-Meskacui and Tremblay (2001) and often making growth and developments impossible.

Table 1: Surviving and establishment degree of the initial explants as affected by mannitol levels(M), genotypes (), culturing period (W)

and their interactions

Mannitol treatments (M)

Genotype () MS alone (control) MS+0.2 M MS+0.3 M MMean
6 weelks(W)

Shamia 1.75° 1.75° 1.50° 1.67%
Amri 1.50° 1.50° 1.25° 1.428
Mean 1.63% 1.63% 1.38° 1.54F
12 weeks(W)

Shamia 2.002 2.002 1.75° 1.924
Amri 1.75° 1.50 1.254 1.508
Mean 1.88% 1.758 1.50° 1.710
18 weeks(W)

Shamia 2.252 2.000 1.75° 2.00%
Amri 2.00¢ 2.00 1.75 1.928
Mean 2134 2.00° 1.75° 1.967
24 weeks(W)

Shamia 2,752 250 2.25 2.50%
Amri 2.25° 2.25 2.00% 217
Mean 2.50% 2.38° 2.13° 2.33%
30 weeks(W)

Shamia 2.25 2.00 2.00 2.06M8
Amri 2.25 2.00 2.00 2.06M8
Mean 2.25M% 2.00M% 2.00M% 2.098
Means

Shamia 2,202 2.08° 1.854 2.03%
Amri 1.95¢ 1.854 1.65° 1.82F
Mean 2.08% 1.95° 1.75°

Means with the same letter are not significantly different at 5% level. Far each culturing period, the capital letters in the column are
comparing the genotypes. The capital letters in the rows are comparing the effects of mannitol levels. The capital letters of the gross
means are comparing the effects of culturing period. The small letters refer to the interaction treatments (MG, MxW, GxW and
MG W), Degree of surviving and establishment. of the initial explant were scored according to Pottino (1981) as follows: Negative result
() = 1, below result (+) = 2, average result (++) = 3 and good result (+++) = 4
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Therefore, the establishment period can be extended to about six months by continuously exposing
the explant to high auxin levels as shown in the present investigation (Table 1). The appearance
of browning at 30 weeks from the incubation pericd may be due to the perforation of embryogenic
calli and consequently an increase in IAA oxidase activity. In this study, Seckin ef al. (2010)
reported that TAA oxidase activity in embryogenic calli was three fold that of non-embryogenie.
Similarly, Roy and Banerjee (2003) added that, TAA oxidase activity in embryogenic calli was
higher than that of ionic oxidases whereas no such differences were detected in non-embryogenic.
Thus, TAA oxidase and endogenous IAA may have a crucial role in date palm somatic embryos.

Supplementation of mannitol to the basal media decreased significantly the values of swelled
survived and establishment of the explants especially at the high level compared with the
mannitol-free Ms Media (control) and the decreased has been a conecentration dependent. The mean
surviving values was decreased from 2.08 in the control to 1.75 under the highest level of mannitol
(MS+0.3 M/L.). These results are true overall the date palm genotypes examined and regardless
culturing period. Similar results were reported by Debnath (2008) who attributed this effect to the
hormonal unbalances caused by stress condition. El-Bellaj ef al. (2000) found that there is a
positive correlation between the level of auxing and the level of methylation in DINA.

Regarding the effects of genotype, it was found that Shamia genotype, in general, recorded
higher values regarding the survived and establishment of the initial explant compared with Amri
in all culturing period. The gross mean values recorded 2.03 and 1.82 for Shamia and Amri
genotypes, respectively regardless mannitol levels and culturing period. The interaction between
genotypes and drought stress was found to be existed Van der Beek and Houtman (1993). In this
context, Roy and Banerjee (2003) recorded that the swelled explants and induction its
establishment 1s dependent. on the genotype and the explants used. In addition, the point of arrest
is more or less typical of each cell line. Thus, the establishment of the explants in date palm are
dependent on the genotype and medium component especially plant growth substances used. This
conclusion was supported by Moghaieb et «l. (2006) who found a correlation between DNA
fingerprinting using AFLP technique for five commercial canola cv (s) and the embrygenic callus
formation.

Growth of the regenerated plantlets and Plantlet characters: The initial explants produced
were developed to different types of morphogenesis after 30 weeks from incubation during
embryogenesis induction period. Some established explants formed callus whereas others developed
directly to somatic embryos. The different types of morphogenesis and their development were
affected by the level of mannitel supplemented to the MS media and depended on the genotypes
used.

Table 2 shows that Shamia genotype recorded higher numbers of embryos and secondary
embryosfar, number of formed shoots, plantlet height and root length rather than Amri, overall
mannitol treatments. The mean values of these parameters in Shamia genotype recorded about
18.8 embryosfjar, 5.9 secondary embryosfjar, 6.5 shootsfjar, 4.9 plantlet height in em and 4.8 root
length in em compared with 14.6, 4, 5.6, 3.9 and 4.3 in Amri in a descending order.

As for the effects of mannitol level, overall the genotypes, data in the same table show that
increasing mannitol level decreased number of formed embryos, shoots and axillary buds with

different types of morphogenesis. The lowest numbers (83 and 3 for emberyos and

132



Am. oJ. Plant Physiol., 6 (3): 126-143, 2011

Table 2: Certain growth characters of Shamia and Amri genotypes of date palm (Phoenix dactvlifera, L.) regenerated plantlets as affected
by water supply (W), genotype (&) and their interactions
Mannitol treatments (M)

Genotype () MS alone (control) MS+0.2 M MS+03 M Mean
No. of embryos /jar

Shamia 25.50° 21.258¢ 9.684 18.814
Amri 21.42° 15.48° 6.86° 14.59°
Mean 23.46" 18.37¢ 8.33¢

No. of secondary embryosfar

Shamia 8.622 5.88° 3.254 5.92%
Amri 5.22° 3.85° 2.80¢ 3.968
Mean 6.92% 4.87° 3.03°

No. of shoots /jar

Shamia 8.75° 6.20r 4.48 6.48"
Amri 7.54° 5.62¢ 3.67 5.618
Mean 8.15% 5918 4.08°

Plantlet height (cm)

Shamia 5.28% 4.95° 4.50° 4914
Amri 4.65° 3.86¢ 3.10°6 3.878
Mean 4.974 4.41% 3.80°

Root length

Shamia 5.85° 4.68 3.8 4.84%
Amri 5.25° 4.1¢ 3.62¢ 4,328
Mean 5.655% 4.39° 3.76°

ans with the same letter are not significantly different at 5% level. For each trait the capital letters in the columns are comparing the
two genotypes overall mannitol levels. The capital letters in the rows are comparing the effects of mannitol levels overall genotypes. The

small letters refer to the interaction between GxM

secondary embryos) were shown at the highest level of mannitol (0.3 M) compared with 23.5 and
6.9 at. the control. Plantlet growth expressed as plantlet height and root length were also decreased
from about B and 5.5 em in the control to 3.8 and 3.7 em under the highest mannitol level,
respectively.

The retarding effects of drought stress, caused by Mannitol supplementation on plantlet growth
parameters may be related to its effects on the availability of water and certain nutrients as well
as on cell division and elongation. Similar results were reported by Mathur ef al. (2008) and
Karimi ef al. (2009) under salt and drought stress, respectively. Hatung (2004) reported that
drought stress decreased the absorption of minerals nutrients and GA level within the plant tissues
whereas increased both plant inhibitors and endogenous ethylene. Seckin et al. (2010) supported
our results and attributed the reduction in growth under drought stress to the changes in plant
hormones within the plant tissues which may exert an important influence on the physiological
processes such as CQ, fixation, assimilation, transport and others including the modification of
anatomical and physiological changes. El-Meskaoui and Tremblay (2001) suggested that, the
accumulated ethylene under stress condition could cause tissue browning as shown in the present,
investigation and activate the synthesis of oxidative enzymes or could inhibit the synthesis of
protective enzymes.

The role of nutrients on plant growth and metabolism was reviewed previcusly
{Hatung, 2004; Pak et al., 2009). Nitrogen 1s an essential element for protein formation and its
derivatives (amine and nucleic acids, enzymes as well as energy transfers molecules). Similarly, K
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is an important element for plant growth. It is invelved in very metabolic processes including,
carbohydrate metabolism, protein biosynthesis, assimilation, translocation, conformation of enzymes
and stomatal movement. Moreover, K has regulating and catalytic role on plant metabolism and
involved in numerous function in the plant such as enzyme activities, cation-anion balance, phloem
leading, turgor regulation (Krauss, 2001). The important role of K on energy conversion,
carbohydrates agsimilation and its translocation was also reported. The important of Ca and Mg was
also reported (Hatung, 2004). These effects of nutrient reflected on vigorous vegetation growth
such as number of shoots and secondary embryos.

As for the effects of genotype, it was found that all plantlet growth parameters in Shamia
genotypes were higher than those of Amri (Table 2). Numbers of embryos, secondary embryos,
shoots as well as plantlets height and root length registered 18.8, 5.9, 6.5, 4.9 and 4.8 for Shamia
genotype compared with 14.6, 4, 5.6, 3.9 and 4.3 values for Amri genotype, respectively. These
results indicated that the retardation of growth and development as well as the restriction tothe
unfavorable condition depending on plant genotype. Similar conclusion was reported by Bloch and
Hoffimann (2005) on sugar beet cultivars.

The performance against drought stress gives some sort of resistance against wilting. Such
mechanism is well known as osmotic adjustment which can be accomplished by creating more
negative osmotic potentials through the accumulation of the organic osmolytes (sugars and others)
within the root cell as an adaptable mechanism against either biotic or abictic stresses
{(Seckin et al., 2010). Sugars as osmolytes enable plants to keep better water relation under stress
condition by increasing the ability of their roots to extract more water (Gupta and Kaur, 2005). The
relationships between the organic csmolytes and stress tolerance may be correlated with the gene
action in the different plant species (Bloch and Hoffimann, 2005).

Physiological characters of the selected seedlings

Photosynthetic parameters: Data presented in Table 3 show that photosynthetic rate, stomatal
conductance and transpiration rate of both date palm genotypes, were decreased with increasing
water deficit continuously. These results are true in the two growing seasons. Internal CO,partial
pressure was significantly decreased under 50% WHC and still nearly constant at 25% WHC in the
first season. However it was not affected significantly under the condition of the second season.
Instantaneous WUE (WUEK1) and effective quantum yield of photosynthesis were decreased
significantly only under severe drought, at 25% WHC in both growing seasons.

As for the effects of genotype, data in the same table show that Shamia genotype recorded
higher values that Amri regarding photosynthetic rate, stomatal conductance, transpiration rate
and effective quantum yield overall salinity levels. These results are true in the twoe growing
seasons. The reverse trend was noticed for internal CO, partial pressure and WUEI; since Amri
genotype showed higher values than Shamia in this respect. The interaction treatments showed
different behaviors depending on drought level and genotype examined.

The noticed decrease in the various parameters of photosynthesis due to drought stress
especially under the severe level (25% WHC) could be explained by reduction in stomatal
conductance, which reduced CO, diffusion. The internal CO, partial pressure decreased
significantly due to stress condition particularly under severe drought. Therefor, reduced stomatal
conductance 1s not supposed to be the major cause of reduced photosynthesis as shown in the

present investigation. In this context, it was reported that the effect of severe drought stress on
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Table 3: Certain photossmthetic parameters of date palms as affected by water supply, genotypes and their interactions during the two
growing season of 2009 and 2010

Water supply % WHC (W)

Season 2000 Season 2010
Genotype () {controly 75%  50% 25% Mean (control) 75% 50% 25% Mean
Photosynthetic rate (umol COx/m?/'sec)
Shamia 15.3% 9.51 5.4° 10.1% 14.5% 0.8 494 9.7%
Amri 13.1° 10. 4.6 9.38 12.7° 9.5 4.87 9.0P
Mean 14.2% 9.98 5.06 13.6% 9.78 4.9°
Stomatal conductances mmol/m® /sec
Shamia 4307 210 70t 236.7% 4652 198 764 246%
Amri 368° 213 607 213.7% 3540 221° 58 211F
Mean 3994 2128 65° 410% 2108 67¢
Transpiration rate (mmol/m*/sec)
Shamia 6.2 3.1° 2.4 3.4 6.42 3.3° 2.1¢ 3.9%
Amri 5.4° 2.7 1.3¢ 3.1° 5.7 3.1° 1.5° 3.48
Mean 5.8% 2.98 1.9¢ 6.45 3.28 1.4°
Int. CO; partial pressure (pmol mol™)
Shamia 2302 2100 2008 231.3% 2242 202 198 208F
Amri 2100 2130 225 2164 200r 2262 214 213%
Mean 2204 2128 213F 2128 2144 211#
Effective quantum yield (A F/F' )
Shamia 0.832 0.83* 0.50° 0.724 0.762 0.73° 0.52¢ 0.67%
Amri 077 0.758° 0.51° 0.68° 0.72° 0.68° 047 0.63°
Mean 0.80" 0.79" 0.508 0.74* 0.71% 0.50°
WUEI (pmol CO; fimmol H,O)
Shamia 2.5P 2.5° 2.0¢ 2.38 2.5 2.4° 2.0¢ 2,28
Amri 2.7 3.1% 2.3 2.7 2.5° 2.97 2114 2.5
Mean 264 2.84 2,98 248 2.78 218

Means with the same letter are not significantly different at 5% level. For each trait the capital letters in the column are comparing the
two genotypes regardless WHC levels. The capital letters in the rows are comparing the effects of WHC levels overall genotypes. The small
letters refer to the interaction effects (Water supply; WH xGenotype)

photosynthesis may be attributed to non-stomatal effects (Bruce ef al., 2002). Generally, the
severity of the stress appears to be important in determining whether non-stomatal factors affect
photosynthesis, as inhibition of mesophyll activity (non-stomatal inhibition of photosynthesis) in
addition to stomatal closure occurs only during severe or prelonged stress (Bloch ef al., 2008). In
accordance with that, effective quantum yield of photosynthesis was reduced only under severe
drought (Table 3). Damage of the photosynthetic pathway under water deficit was previously
reported (Mohammadian et af., 2003). In contrast, Clover ef al. (1999) did not observe any effect
of drought on chlorophyll fluorescence in sugar beet leaves and attributed findings of damage of
the photosynthetic pathway to a premature senescence of drought stressed leaves. The
contradicting effects on the photosynthetic parameters may be due to the gene action and the level
of drought stress as indicated by the interaction treatments noticed in the present investigation.

Water use efficiency (WUE): Data in Table 4 show that water use efficiency calculated as

integrated values of the entire experimented period of the acclimatization was increased with an
increase in drought level based on total plant D'Wt especially under sever drought stress level.
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Table 4: Water use efficiency (WURK) of date palm as affected by genotypes ((3), water supply (W) and their interactions during the two
growing seasons of 2009 and 2010

Water supply % WHC (W)

Season 2009 Season 2010
Genotype () 75% (controly 50% 25% Mean Th% (control) 50% 25% Mean
Root WUE (g root D.Wt/kg H,0)
Shamia 2.4 3.3° 4.0° 3.234 2.6° 4.71° 5.22 3.97
Amri 2.0¢ 3.20 4.0° 3.07° 2.4 3.8¢ 4.5° 3.57
Mean 2.2° 3.3% 4.04 2.5¢ 3.9% 1.84
Shoot WUE (g shoot D.Wt/kg H,O)
Shamia 4.1° 5.32 4.0° 4.474 4.6 5.42 5.62 5.20%
Amri 3.5 4.20 3.0¢ 357 3.8¢ 4.9° 4.3° 4.33°
Mean 3.8|E 4.7 3.5° 4 28 5.24 5.0%
Root and Shoot WUE (g total plant D Wt/kg H:O)
Shamia 6.5 8.6° 8.0° 7.00% 7. 950 10.8= 9.17*
Amri 5.5 7.4° 7.0° 6.63F 6.2 8.7 8.7° 7.90°
Mean 6.0°F 8.0% 7.5% 6.7 9.1% 9.74

Means with the same letter are not significantly different at 5% level. For each trait, the capital letters in the column are comparing the
two genotypes overall WHC levels. The capital letters in the rows are comparing the WHC levels regardless genotypes. The small letters
refer to one interaction effects (WHCxGenotype)

These results are true during the two growing seasons for root and/or shoot system. However,
shoot-based WUE was higher for stressed plants as well; root system-based WUE was not distinctly
affected by water supply. Roots recorded highest values (4 and 4.8 in the first and second season
respectively) at 25% WIUE compared with the control which showed minimum values(2.2 and 2.5)
in this respect. The maximum wvalues in the shoots was detected at 50% WHC (4.7 in the first
season and 5.2 in the second). Therefore, root and shoot system at the control (75% WHC)
registered minimum WUE values {8 and 6.7 in both seasons, respectively) compared with root and
shoot stressed systems. In tendency Shamia genotype obtained higher significant values of WUE
than Amri genotype in all treatments. In Shamia genotype it recorded about 4, 5.2 and 9.2 for root,
shoot. and root+shoot WUE compared with 3.6, 4.3 and 7.9 in Amri genotype in a descending order.

The data also indicated clearly that dry matter accumulation and water use efficiency, in
general, are closely related. This relation is to a large extent independent on the level of water
supply and water use. Similar results were reported by Ehlers and Goss (2003). However,
Bloch et al. (2006) found that the relationship between water use and yield of sugar beet was
modified by water supply. The higher efficiency of water use under stress is due to the fact that
drought-stressed plant wilt far more than unstressed plants and wilting invariably occurs in times
when the saturation deficit of the atmosphereis large. Therefore, the plant assimilates only in times
when the saturation deficit is small and hence loses less water for every carbon molecule fixed
Clover et al. (2001),

Shamia genotype obtained higher dry weight in all treatments under the present investigation
and hence used the water more efficiency than Amri genotype. However, the lack of interaction
between genotype and water supply for WUE suggests as reported by Bloch and Hoffimann (2005)
that genotypes which are most productive under well-watered conditions will be superior in dry
environments.

Data in the same table show also that, WUE; values obtained were not clearly affected by
water supply. In this context, Ashraf ef al. (2002) reported that often the relationship between
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short-term gas exchange efficiency and the actual water-use efficiency for the whole growing
seasons 1s poor, because there are a number of factors affecting dry matter accumulation but not
gas exchange. Bloch ef al. (2006) stated that, the biomass production of a plant is not only
determined by photosynthesis but also by respiratory losses at night. It is altered by the molecular
composition of the dry matter.

BC discrimination: Carbon isotope discrimination was higher (more negative values) in shoot
than in roots and decreased with decreasing water supply (Table 5). Genotypic differences for
carbon diserimination were not significant. Differences in carbon discrimination between plant
organs have heen supported for other plant species by Bloch ef al. (2006) but reason for these
findings have not been clearly established. In this context, Zhao et al. (2004) found a contradiction
results in two cultivars of upland rice during different develcpmental stages under three water
regimes. However, they reported that products of secondary metabolism, usually have lower carbon
discrimination values than primary photosynthetic product. Bloch ef al. (2006) added that, the
formation of carbon skeletons for some amino acids involves phosphoenclpyruvate carboxylation,
which discriminates in favor of “C.

The reduction values of carbon 1sotope discrimination which detected in the stressed date palm
plantlets compared with the control (Table B) have been reported for many other plant species
(Tsialtas and Karadimos, 2003). Bloch et al. (2006) found a relationship between carbon
discrimination and water availability for both leaves and tap roots in sugar beet.

Chlorophyll fluorescence: The trend of chlorophyll fluorescence variation, as measured by Fo,
Fm, Fv and the ratio Fv/Fm as well as the mean chlorophyll concentration (SPAD) as affected by
water supply in both date palm genotypes during the two growing seasons of 2009 and 2010 are
presented in Table 6.

In both genotypes, Fo was reduced insignificantly, due to an increase in water deficit
regardless the genotypes examined. These results are true during the two growing season. The
least insignificant values of Fo (about 0.5 in the two growing seasons) were recorded under the
severe stress condition (25% WHC) compared with maximum values under the control. The values

Table &: “*C discrimination in shoots and root system, of date palm as affected by Genotype (G), Water supply (W) and their interactions
during the two growing seasons of 2009 and 2010
Water supply % WHC (W)

Season 2009 Season 2010
Genotype (&) 75% (control) 50% 25% Mean 75% (control) 50% 25% Mean
Roots
Shamia -27.1 -26.3 -25.6 -26.3M8 -28.6 =275 -26.9 -27.78
Amri -28.2 -26.1 -24.8 -26.485 -29.7 -26.4 -25.5 -27.28
Mean -27.74 -26,2° -25.2° -29.14 -27.08 -26.20
Shoots
Shamia -20.1 -26.8 -26.5 -27.5M8 -30.2 =271 -26.9 -28. 148
Amri -29.7 -28.5 -26.0 -28.1M% -31.1 -28.5 -26.4 -28, 798
Mean -20.44 -27.78 -26.3° -30.7% -27.88 -26,7°

Means with the same letter are not significantly different at 5% level. For each plant organ, the capital letters in the columns are
comparing the two genotypes overall WHC levels. The capital letter in the rows are compared the WHC levels regardless genotypes. The
small letters refer to the interaction effects (WHC x Genotype), NS: Not significant
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Table 6: Chlarophyll fluorescence variations and chlorophyll concentration (SPAD) of date palm as affected by water supply (W),
genotypes () and their interactions during the two growing seasons of 2009 and 2010
Water supply % WHC (W)

Season 2009 Season 2010
Genotype (&) 75% (control) 50% 25% Mean 75% (control) 50% 25% Mean
Fo
Shamia 0.567 0.53N8 0.495% 0.5248 0587 05788 0.534% 0 56ENS
Amri 0.507% 0.4985 0.495% 0.5078 0595 0.55M8 0.544% 0 5ENS
Mean 0.534° 0.51M8 0.49M° 0.597° 0.56M2 0.5408
Fm
Shamia 2.07 1.7t 1.6° 1.848 2.5 2.20° 1.6 2.1%8
Amri 1.9 1.7 1.52° 1,748 2.3° 2.00° 1.4% 1.94%
Mean 1.95% 1.78 1.55° 244 2.008 1.5°
Fv
Shamia 1.2 0.9° 0.8° 0.97% 1.6M# 1.4¢ 0.9¢ 1.34
Amri 1.1 0.9° 0.6° 0.87° 1.4° 1.2 0.60° 1.00P
Mean 1.15% 0.9° 0.7° 1.5% 1.18 0.65°
Fv/Fm
Shamia 0.602 0.50° 0.50° 0.5078 0.642 0.642 0.56° 04485
Amri 0.582 053t 0.39° 0.50M8 0.612 0.60% 0.43° 0.4748
Mean 0.50% 0.51°8 0.44° 0.63* 0.628 0.33°
Chlorophyll (SPAD)
Shamia 48.22 51.83° 54.747 51.60° 42.471° 4857 49,167 46.05%
Amri 43.42° 46.29¢ 48 62 46.11°8 40.11¢ 4212 43.28° 41.84°
Mean 45.82° 49.06° 51.68% 41.26° 44 35° 46.224

Means with the same letter are not significantly different at 5% level. For each trail, the capital letters in the columns are comparing
the two genotypes overall WHC levels. The capital letters in the rows are comparing the effects of WHC levels regardless the genotypes.
The small letters refer to the interactions effect (Wx(G), NS: Not significant

of Fm and Fv showed, in general, a significant reduction trend in hoth genotypes under stressed
condition. These significant values were decreased from 1.95 and 1.15 under the control to 1.55 and
0.7 at 25%WHC in the first season. In the second season, Fm and Fv were decreased significantly
from 2.4 and 1.5 under the contrel to 1.5 and 0.65 at 25% WHC. Therefore, quantum yield of
photochemistry (Fv/Fm) were decreased significantly under the stress condition. Similar results
were reported by Lopez ef al. (2008). It registered 0.44 and 0.33 in the first and second season
respectively under the severe condition (25% WHC) compared with 0.59 and 0.63 under the control.
In this study Selmani and Wassom (1991) reported that chlorophyll fluorescence measurement. at
the laboratory or during night could not show the permanent damage to the photosynthetic
apparatus caused by drought, because under these conditions, recovery night happens if the
damage of chlorophyll 1s not severs enough. On the other hand, Cerovic et al. (1996) on maize,
sugar beet and Kalanchoe (Brvophyllum sp.) found linear relationships between life time and yield
for chlorophyll fluorescence in vive studies under both optimal and non-optimal water condition.
The insignificant difference noticed with Fo in the present investigation between the control

and stress condition was expected. Since Fo 1s resulted from the fluorescence of the antenna
chlorophyll associated with PSI and PSIT (Wilson and Greaves, 1993). Thus it could be suggested
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that, drought stress in date palm does not have any damaging effects on Fo. This can be the result
of increasing chlorophyll concentration under the stress condition compared to the non-stress
conduction.

Chlorophyll assessment in both date palm genotypes under control condition was lower than
the stressed condition (Table 8). It increased from 45.8 and 41.3 SPAD under the contrel in the first
and the second seasons, respectively to 51.68 and 46.22 at highest stress level (25% WHC).
Moreover, both genotypes were differing significantly in this respect due to gene action
(Gupta and Kaur, 2005) andfor differential strategies between them to tolerate stress
{Joseph et al., 2010; Sharma et al.,, 2011). The increase in chlorophyll concentration recorded in the
present investigation under stress condition was similar to that found by several investigators.
Mohammadian et al. (2003) found that water stress increased total chlorophyll and carctenoids
concentrations in sugar beat leaves. Since there 13 a relationship between the amount of leaf
chlorophyll and the level of leaf N (Hatung, 2004). Ehlers and Goss (2003) found a negative
relationship between plant nitrogen concentration and water consumption. The high concentration
of N under the drought stress condition may be effective in expending the recovery from drought
stress conduction (Mohammadian et al., 2003),

The genotype x water supply interaction (GxW) was not significant for Fo. Moreover the two
genotypes examined were almost equally affected by the stress treatments. It was reported that
temperature damaging effect on photasystem II can be determined by a drastic increase in Fo while
photoinhibtion lead to a slight increase in Fo and freezing damage does not affect Fo
{Anonymous, 1993).

Drought stress also decreased Fim in both date palm genotypes examined under the present
investigation {Table 8). However, the GxW interaction was significant for Fm and the largest
decrease of Fm was cbserved in the Amri genotype compared with Shamia genotype. Similar results
were reported under high temperature condition (Anonymous, 1993) and under water stress
(Seckin et al., 2010) on other plant species.

The mean Fv values of both date palm genotypes in water stressed plants were significantly
lower than those in the control (Table 8). The GxW interaction treatments were also significant for
Fv. Moreover, the decrease in Fv was different among the two genotypes examined as stress
increased. Shamia genotype showed high significant value compared with Amri .Generally, Fv is
sensitive to changes in the ultrastructure of the membrane and rates of electron transfer
{(Mohammadian et af., 2003). Usually, environmental stress decreased the Fv values, as the photo
oxidizing side of PS I is inhibited (Wilson and Greaves, 1993; Lopez et al., 2008).

The largest decrease in Fv observed under stress condition especially with Amri genotype
indicates that electron flow is blocked beyond acceptor @ and the electron flow 1s blocked on the
water side of photosystem II as reported by Ranalli ef al. (1997). Thus, it may be stated that in
genotype Amri, water stress blocked electron flow on the water side of photosystem IT more than
genotype shamia, Ranalli ef al. (1997) examined chlorophyll fluorescence of potato genotypes under
drought stress and non-stressed conditions and stated that drought stress may block electron flow
either on the water side of photosystem II or beyond acceptor Q.

The significant decrease of F'v /l'm ratio noticed under drought stress (Table 8) indicates the
capacity of photosystem II electron transfer (Bjorkman and Demmig, 1987) which was a high
relationship with quantum yield of photochemistry (Bolhar-Nordenkampf and Oquist, 1993).

In spite of the insignificant differences between the two genotypes of date palm for Fv/Fm, the
GxW  interaction showed significantly decreases on the ratio of Fv/l'm and the least values were
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recorded with Amri genotype more than Shamia. Therefore, it seems that in Amri genotype the
photosynthetic apparatus was affected more than genotype shamia by drought stress. Moreover
the data in the present investigation indicated also the electron flow was restricted on the
water-side of photosystem II in spite of the increase in chlorophyll concentration in  date palm
leaves and the both genotypes differed in this respect.

CONCLUSION

Data in the present investigation concluded that emberyogeneses obtaind in the two genotypes
of date palm followed normal development and were competent to regeneration and converted into
plantlets under drought stress media. They have an ability to tolerate water stress with a wide
range of drought tolerance. The method adopted was successful in spite of decreased growth traits
studied of both genotypes. However, the genotypes have different emberyogenic potential and
growth vigor regardless drought regime levels. The values recorded with Shamia were found to be
more than that of Amri genctype. The physiological characters showed distinct response to drought
stress can be of importance for genotypic differences in the performance under stress. Drought
stress decreased rates of photosynthesis and transpiration, stomatal conductance in the shoots as
well as ecarbon 1sctope discrimination in both roots and shoot systems. The effective quantum yield
of photosynthesis and WUEI were also reduced but only under severity level (25% WHCOC). In
contrast, internal CO, partial pressure remained relatively stable and WU in the roots and/or
shoots was increased under drought stress. Moreover, no destructive effects of drought stress on the
initial fluorescence, presumably due to increase in chlorophyll concentration of stressed date palm.
Under stress condition, F', was not affected significantly whereas; Fv, Fm and Fv/Fm were restricted
in spite of increases chlorophyll coneentration in both date palm genotypes shoots. However, the
two genotypes were varied in their reduction rate and showed a distinct response to drought stress.
Amri genotype showed higher reduction than Shamia for all these parameters under drought
condition, which suggests the highest sensitive to drought stress. The obtained results in the
present investigation are repeatable. Therefore, it could be considered that measurements of
chlorophyll fluorescence could be used by plant breeders to quantify rapidly and detect the response
of different date palm genotypes to drought stress and may have relevance to sereening for drought
resistant. The other useful physiological characters studied including WUE can also used as a
strategy to improve plant performance under water-limited condition.
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