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Abstract

Under natural drought, some physiological parameters were measured in some wild species inhabiting the western desert of Egypt.
Seasonal changes of nitrogen metabolites and Na/K ratio were detected in the investigated species. Effect of seasons, species,
and their interaction played an important role on total free amino acids, soluble proteins and Na/K ratio at two oases (Dakhla and
Kharga). Species diversity showed more effective variable in regulating such metabolites at Kharga oasis. Plants responded to
their environment in two ways, either by increasing their water binding molecules or by preventing the formation of amino acids
into proteins. Some of the halophytic and xerophytic species may adjust osmotically to stress by the contribution of nitrogen
metabolites. On the other hand, Zygophyllum coccineum, the succulent plant, may adapt to environmental conditions through
the accumulation of free amino acids. Correlation analysis between Na*/K* ratio with free amino acids, soluble proteins and
water content in Tamarix aphylla, Salsola imbricata, Balanites aegyptiaca, Trichodesma africanum, and Z. coccineum (Kharga)
indicated changes in ionic fraction or accumulating soluble organic compounds which were osmotically active and contribute to
osmotic adjustment. Correlations were found between chlorophyll content, ionic and nitrogen metabolites. In Acacia nilotica,
Suaeda monoica and Z. coccineum at Dakhla oasis, changes in soluble proteins or ionic ratio could be caused by chlorophyll
response to stress, while S. imbricata and T. aphylla may control cellular protein contents. On the other hand, the sharing of both
free amino acids and ionic fraction may play an important role of osmoregulation in S. imbricata, Citrullus colocynthis and Z.
coccineum at Kharga oasis.
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Introduction

In arid and semi-arid regions, seasonal variations may
lead to differential physiological responses in plants
inhabiting such environments. Many studies have been
cited on plant adaptations to high temperature, drought,
and salt stresses (Joyce et al 1984; Murakeozy et al
2003; Kusaka et al 2005). Accordingly, occurrence of
osmotic adjustment in plants is one of the likely adaptive
mechanisms, in the form of solute accumulations, may
occur in plants (El-Sharkawi et al 1988; Kameli and
Losel 1995; Farghali 1998a)

lon accumulations such as Na"and K* are mainly
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related to salt stress. Physiological data indicate that
Na* competes with K* for intercellular inpux because
these cations are transported by common proteins
(Amtmann and Sunders 1999; Niu et al 1995). Potasium
and sodium ions have been shown to have a major role
in facilitating osmotic adjustment under water stress
conditions (Berkowitz and Gibbs 1983). Meanwhile,
potassium ions were found to be correlated either
positively or negatively with chlorophyll content in
some desert plants (Farghali and El-Sharkawi 1990;
Farghali 1998b). Another response, which is probably
universal, to changes in the external osmotic potential is
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the accumulation of metabolites that act as “compatible”
solutes such as sugars, amino acids, organic acids, and
glycine betaine, i.e, they do not inhibit normal metabolic
reactions (Yancey et al 1982). The accumulation of these
osmolytes is believed to induce osmotic adjustment by
which the internal osmotic potential is lowered and may
then contribute to drought tolerance (Delauney and
Verma 1993; McCue and Hanson 1990).

The aim of this study is to understand the seasonal
responses of 17 xero halophytic plants inhabiting Dakhla
and Kharga oasis of western Egyptian desert to severe
drought conditions. These responses were evaluated
in respect of total free amino acids, soluble proteins,
Na*/K* ratio, chlorophyll and water contents. The data
obtained were subjected to statistical analysis.

Materials and Methods
Samples from 11 species inhabiting the western
Egyptian desert were collected biseasonally from
Kharga oasis and 6 species from Dakhla oasis (Map1).
Species were identiyed according to Tackholm (1974)
and nomenclature following Boulos (1995).

The plant samples were immediately removed from
plant and then transferred to plastic containers to the
laboratory and fresh weight was determined. Three
leaf samples were washed with cold distilled water
thoroughly and dried on ylter paper, and then ovenly
dried at 70°C. For determination of soluble proteins,
amino acids, sodium and potassium contents, dried
leaves were blended and their extracts were prepared in
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hot distilled water (EI-Sharkawi and Michel 1977).

Chlorophyll a and b were extracted from fresh
leaves (0.1 gm) using 85% acetone and determined
according to Chauhan (1996) and total chlorophyll was
calculated. Total free amino acids and soluble proteins
were determined colorimetrically according to Lee and
Takahanshi (1966) and Lowry et al (1951), respectively.
The concentrations of Na* and K* were measured in
plant extracts and were taken from Williams and Twine
(1960).

The effect of seasonal variations, species types, and
their interactions on nitrogen metabolites and water
content was evaluated by applying analysis of variance
method; and simple linear correlation coefycient between
chlorophyll content, ionic fraction, water content and
nitrogen metabolites as reported by Ostle (1963).

Results
In Dakhla oasis, Fig. (1) showed that total free amino
acid was higher in winter than in summer particularly
in S. imbricata (2.02 mg/gm dry wt.) and Z. coccineum
(2.03 mg/gm dry wt.). Soluble proteins were higher in
winter than in summer especially in P. dactylifera and A.
nilotica (29.4 mg/gm dry wt.). In Kharga oasis, Fig. (2)
showed that total free amino acids were high in summer
than in winter and reached to a maximum value of 2.24
mg/gm dry wt. in C. colocynthis, C. procera and S.
imbricata. The soluble proteins were higher in winter
than in summer in most investigated plants except in
P. datylifera. The highest value was 28.6 mg/gm dry
wt in S. imbricata. The lowest total amino acid values
among plants were found in P. dactylifera (0.27 mg/gm
dry wt.) during winter and the total soluble proteins at
Kharga oasis was generally lower than that at Dakhla
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Note: Tam =T. aphylla, Sal = S. imbricata, Zyg = Z. coccenium,
Pho = P dactylifera, Aca = A. nilotica, Sua = S. monoica, Alh = A.
graecorum , Cit = C. colocynthis. Bal = B. aegyptiaca, Cal = C.
procera, Hyo = H. muticus, Hyp =H. thebaica, Tri = T. africanum

Fig, 1: A) Amino acid and B) soluble protein contents of plants
grown at Dakhla oasis during winter and summer.
oasis. Likewise, the total free amino acids were low at
Dakhla, particularly, in species inhabiting the two oases.
The lowest value of soluble proteins was observed in T.
africanum (10.4 mg/gm dry wt.) during summer.
Average percentages of water content in Fig. (3)
showed similar trends of plants studied at Kharga
oasis in both seasons. H. muticus and C. procera had
the highest values (92.5 %) while P. dactylifera and
H. thebaica had the lowest values in winter (51.0 %)
and in summer (55.6 %) as well as in P. dactylifera at
Dhakla oasis The water contents were higher in summer

Table 1: F values which indicate the effect of season, species, and their interaction on free amino acids, soluble proteins, and

water content in plants inhabiting Dakhla and Kharga regions.

Free Amino Acids Soluble Proteins Water Content
Region Source of Variance
F d? F d? F d?
Season (S) 169.5%* 38.1 244.0%* 222 530.4%* 305
Species (SP) 41.0*%* 46.1 148.4** 67.6 165.2** 47.5
Dakhla SXSP 14.0%* 15.8 22.4%% 10.2 76.8%* 22,0
Season (S) 47.8%F 9.7 5.3* 0.9 0.89 0.07
Kharga Species (SP) 39.7** 80.5 39.5** 73.3 128.6** 96.70
S X SP 4.8* 9.8 13.9%* 25.8 4.3* 3.23
* Signiycant at 0.05 level ** Signiycant at 0.01 level
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Table 2: The correlation coefycient between amino acids and soluble proteins and both metabolites and water content in species inhabiting

Dakhla and Kharga regions in both seasons.

Amino acids & soluble Amino acids & water Soluble proteins & water
proteins content content
Region Plant Species
Winter Summer Winter Summer Winter Summer

T. aphylla 0.87 -041 0.96* -0.42 0.56 0.95*

S. imbericata 0.36 -0.00 -0.05 -0.90 0.90 0.54

S. monica 0.81 0.89 -0.85 0.36 -041 0.47
Dakhla  —x Tilotica “097% 022 =060 073 0.86 01T

P. dactylifera 0.97* -0.38 0.31 -0.48 -0.07 0.46

Z. coccineum -0.89 0.39 -0.25 0.19 -0.64 0.48

A. graecorum 0.40 0.74 -0.50 0.07 0.59 -0.61

C. colocynthis 0.95*% 0.96* 0.26 -0.16 0.57 -0.29

C. procera -0.99%* -0.56 0.96* -0.82 -0.70 0.56

B. aegyptiaca -0.79 - 0.95* -0.87 0.39 0.91 0.98%*

H. thebaica -0.97* 0.75 0.69 0.77 -0.98%* 0.33

H. muticus -041 0.39 -0.96% 0.01 0.85 0.66
Kharga

T. africanum 0.97* 0.82 -0.62 0.87 -0.95% 0.33

T. aphylla -0.95% -0.15 -0.77 -0.85 0.59 0.71

S. imbericata -0.98%* 0.19 -0.95% 0.74 0.99%* 0.78

Z. coccineum 0.30 -0.23 1.00%* -0.96* -091 0.56

P. dactylifera -0.96% -0.50 -0.13 0.99%* -0.20 0.35

* Signiycant at 0.05 level

than in winter in S. monoica (95.0 %), T. aphylla and S.
imbricata at Dakhla oasis, but the opposite was true in
Z. coccineum.

The chlorophyll content was higher in winter than in
summer in several plants at Kharga oasis, for example in
P. dactylifera, A. graecorum, B. aegyptiaca, H. muticus
and H. thebaica. On the other hand, S. imbricata, P.
dactylifera, and A. nilotica at Dakhla oasis presented
high chlorophyll contents in summer (Fig.4). At Kharga
oasis, S. imbricata and Z. coccineum showed the lowest
concentrations (0.46 and 0.57 mg./g.) whereas P.
dactylifera, H. thebaica, and C. colocynthis exhibited
the highest values (2.33, 2.18, and 2.32 mg./g.) during
winter. At Dakhla oasis, S. imbricata and S. monoica
observed the lowest values (0.45 and 0.57 mg./g.) in
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winter, while A. nilotica and P. dactylifera attained the
highest contents (2.53 and 2.17 mg./g.) during summer.

S. imbricata followed by Z. coccineum had the
highest seasonal average (8.2 mg/gm) of Na*/K* ratio
among Kharga oasis plants, whereas A. graecorum and
P. dactylifera showed the lowest ratios 0.2 and 0.21
respectively (Fig. 5). At Dakhla oasis, T. aphylla gave
the highest seasonal average of Na*/K= ratio (4.9).

The effect of seasons, species and their interaction on
the free amino acids, soluble proteins and water content
in plants was shown in table (1). All factors had highly
signiycant effect except the effect of seasons at Kharga
oasis where soluble proteins maintained a signiycant
effect. The species factor had the predominant role in
the nitrogenous compounds, whereas seasons had a
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Fig. 2: A) Amino acids and B) soluble protein contents of plants
grown at Kharga oasis during winter and summer.
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Fig. 3: The average percentages of water content in plants grown A)
at Kharga and B) at Dakhla oases.

subsidiary role on the metabolites of species inhabiting
Dakhla region; and the interaction of seasons and
species had the same effect in case of plants inhabiting
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africanum

Fig 4: Total chlorophyll content in plants located at Kharga A) and
Dakhla B) oases during winter and summer.
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= A. graecorum, Cit = C. colocynthis. Bal = B. aegyptiaca, Cal
= C. procera, Hyo = H. muticus, Hyp = H. thebaica, Tri = T.
africanum.

Fig. 5: The average of both seasons of Na/K ratios in A) Kharga
and B) Dakhla plants.

the kharga oasis (Table 1).

Signiycant correlations between total free amino
acids and soluble proteins in the studied species were
negative except in T. africanum (at Kharga oasis) and
P. dactylifera (at Dakhla oasis) where correlations
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Table 3: The correlation coefycient between Na*/K* ratios and free amino acids, total soluble proteins, and water content in different

species inhabiting Dakhla and Kharga regions.

Region Plant Species Na/K rati_o & amino Na/K ratio & soluble Na/K ratio & water
acids proteins content
T. aphylla - 0.99%* 0.28 0.40
S. imbericata - 0.13 0.96* 0.38
S. monica 0.81 -0.89 -0.06
Dakhla A_milotica 004 00T 077
P. dactylifera 0.60 0.47 -0.53
Z. coccineum 0.15 -0.87 0.03
A. graecorum -0.20 0.12 0.75
C. colocynthis 0.71 0.84 -0.79
C. procera -0.33 0.08 -0.70
B. aegyptiaca 0.95* -0.48 -0.30
H. thebaica 0.84 0.69 0.22
Kharga H. muticus -0.58 0.42 0.87
T. africanum 0.80 0.99 ** 0.38
T. aphylla 0.50 -0.99 -0.80
S. imbericata -0.77 -0.76 - 0.99%*
Z. coccineum -0.77 0.84 0.95%
P. dactylifera 0.13 0.78 0.76

* Signiycant at 0.05 level

** Signiycant at 0.01 level.

were positive in winter. During the summer only one
positive correlation between free amino acids and
soluble proteins was found in C. colocynthis and one
negative correlation was detected in B. aegyptiaca. The
correlation between free amino acid and water content
at Kharga oasis was signiycant in several species. This
correlation was negative in H. muticus and S. imbricata
in winter and in Z. coccineum in summer, but positive in
later species in winter. In P. dactylifera this correlation
was positive during the summer. At Dakhla oasis the only
positive correlation was noticed in T. aphylla in winter
between amino acids and water content and in summer
between soluble proteins and water content. At Kharga
oasis the correlation between soluble proteins and water
content was negatively signiycant in H. thebaica and T.

africanum during winter. Conversely, there were highly
signiycant positive correlations in case of S. imbricata
in winter and B. aegyptiaca in summer (Table 2).

The correlation between Na*/K* ratio with both free
amino acids and soluble proteins and water content were
presented in Table (3). At Kharga oasis plants, it was
found that a positively signiycant correlation between
amino acids and Na'/K* ratio in B. aegyptiaca and
between soluble proteins and Na*/K* ratio in T. africanum
(Kharga oasis) and S. imbricata (Dakhla oasis). Highly
signiycant negative correlations were existed in T.
aphylla at both regions between Na*/K* ratio and both
amino acids and soluble proteins. The same correlation
was observed too in S. imbricata at Kharga oasis.

At Kharga oasis, A. graecorum, C. colocynthis,
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Table 4: The correlation coefycient values between Chlorophyll content and free Amino acids, total soluble proteins, and Na*/K* ratios
in different species inhabiting Dakhla and Kharga regions.

Region Plant Species Chl. content & amino Chl. content & soluble Chl. content & Na/K
Y P acids proteins ratio
T. aphylla
0.02 0.95* 0.10
S. imbericata
0.76 0.95* 0.10
S. monica
khi 0.88 0.99** 1.00**
Dakhla A. nilotica
-0.85 0.99** 1.00**
P. dactylifera
0.45 0.63 0.89
Z. coccineum
-0.80 0.95* 0.96*
A. graecorum
0.99** 0.30 0.73
C. colocynthis
1.00** 0.95* 0.95*
C. procera
0.62 0.47 0.48
B. aegyptiaca
9P - 0.95* 0.65 -0.48
H. thebaica
1.00** 0.99** 0.33
H. muticus
Kharga -0.78 1.00** -0.81
T. africanum
0.99** -0.70 0.72
T. aphylla
Py - 0.95* 0.68 -0.82
S. imbericata
mbert 0.95+ 0.95+ 0.99%*
Z. ineum
goceineu -1.00** 0.97* 0.95*
P. dactylifera
0.28 -0.80 0.50

* Signiycant at 0.05 level ** Signiycant at 0.01 level

H. thebaica, T. africanum, and S. imbricata showed
signiycant positive correlations between chlorophyll
content and amino acids. On the other hand, signiycant
negative correlations were detected in B. aegyptiaca, T.
aphylla, and Z. coccineum. The correlations between
chlorophyll content and soluble proteins were positively
signiycant in T. aphylla, S. imbricata, S. monoica, A.
nilotica and Z. coccineum (at Dakhla oasis) and in C.
colocynthis, H. thebaica, H. muticus, S. imbricata and
Z. coccineum (at Kharga oasis) and between chlorophyll
content and Na/K ratios in S. monoica, A. nilotica and
Z. coccineum at Dakhla oasis and in C. colocynthis, S.
imbricata, and Z. coccineum at Kharga oasis (Table 4).
Discussion
Statistical analysis of the data Table (1) showed

Saudi Journal of Biological Sciences Vol. 14 No (2) December, 2007

that season, species and their interactions played an
important role in effecting nitrogenous compounds and
water content in plants inhabiting the Dakhla oasis.
However, the species factor exhibited the major effect
on amino acids, soluble proteins and water content in
various plants located at Kharga oasis. These results
were in agreement with other studies on desert species
which had shown that the osmotically adjusted plants
mainly accumulate solutes depending on both seasons
and species variations (Farghali 1998a).

S. imbricata, C. colocynthis, C. procera and H.
muticus accumulate high levels of total free amino
acids during summer at Kharga oasis. Whereas, S.
imbricata, A. nilotica and Z. coccineum maintained high
contents of free amino acids during winter at Dakhla
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oasis (Figs. 1&2). Amino acids levels in P. dactylifera
and H. thebaica at both oases remained low. This
observation may suggest one way for desert plants to
respond to their environment is through increasing
tissue osmotic potentials (EI-Sharkawi et al 1988). The
soluble protein levels of previously mentioned plants
maintained relatively low when compared to the rest of
investigated plants in this study; except in S. imbricata
at both oases, and A. nilotica and P. dactylifera at
Dakhla oasis. Therefore, such results agrees in ways that
plants may adapt to drought injury either by increasing
their water binding molecules (Kameli and Losel 1995;
Farghali 1998a) or by inhibiting the incorporation of
amino acids into proteins (Nir et al 1970; Dhindsa and
Cleland 1975). The above results indicated occurrence
of two kinds of correlations which vary with season
and location. Signiycant negative correlations between
amino acids and soluble proteins in different plants,
except in P. dactylifera (Dakhla oasis) and T. africanum
(Kharga oasis) were signiycantly positive during
winter. Meanwhile in summer, signiycant positive and
negative correlations were found in C. colocynthis and
B. aegyptiaca, respectively (Table 2).

This may lead to the accumulation of nitrogen
metabolites which believed to facilitate “osmotic
adjustment” by lowering tissue osmotic potential and
then contributing to salt or drought tolerance (Karimi et
al 2005; Delauney and Verma 1993; Louis and Galinski
1997; Hasegawa et al 2000). T. aphylla (Dakhla oasis)
and S. imbericata (Kharga oasis) showed positive
and negative correlations between the nitrogenous
compounds and water content, whereas Z. coccineum
(Kharga oasis) presented a variation of correlation
within both seasons which could mean that the succulent
plant may tolerate severe conditions by accumulating
free amino acids; especially during summer, under
water stress. However, the osmotic adjustment in S.
imbricata may involve both: degradation of proteins
and accumulation of amino acids as obtained from data
expressed in Table (2). The same suggestion could be
valid in case of C. procera, B. aegyptiaca, H. thebaica
and P. dactylifera. In addition, compatible solutes are
typically hydrophilic, which suggest that they could
replace water at the surface of proteins and acting as
osmoprotectants (Yeo 1998; Bohnert and Shen 1999).

The need for Na*as a vacuolar osmolyte in saline
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environments may be the reason why plants have not
evolved transport systems that completely exclude Na*
relative to K*. In fact, the ionic fraction was found to
be correlated with nitrogen metabolites and water
content, to explain plant responses to the environment.
Only T. aphylla (Kharga and Dakhla oases) showed
negative correlation between Na‘*/K* ratio and both
nitrogen metabolites, whereas S. imbricata (Kharga
oasis) exhibited the same correlation between the ionic
fraction and water content. Other positive correlations
were detected in few species such as B. aegyptiaca, S.
imbricata (Dakhla oasis) and T. africanum. Moreover,
a positive correlation was found between the ionic
ratio and water content in Z. coccineum (Kharga oasis).
These results are in parallel with other yndings that ionic
osmotic potential and /or water content in plants (e.g.
Salsola) are related to such solutes as Na* and K* in
order to overcome water stress under high temperature
(Farghali and Gadalla 1996; Farghali 1998a). Thus,
cellular responding tissues may contain compounds
such as proline, glycinebetaine, proteins and ions
which may changed depending on salt concentrations
and species (Mutlu and Bozcuk 2005; Liu et al 2004;
Morant-Manceau et al 2004). It was also suggested that
photorespiration, which was increased during salt stress,
may have a role in supplying metabolites to produce
compatible solutes (Di Martino et al 2003).

Generally, chlorophyll content was correlated
positively with total free amino acids, soluble proteins
and Na'/K* ratio in most species. Some species as:
B. aegyptiaca, T. aphylla and Z. coccineum exhibit
negative correlation between chlorophyll and amino
acids contents (Table 4). It is important to note that most
correlations occurred in species at Dakhla oasis between
chlorophyll content and both soluble proteins and the
ionic fraction. This may explain that S. monoica, A.
nilotica and Z. coccineum at Dakhla oasis may tolerate
drought in account for reductions in chlorophyll content
which in turn may cause changes in soluble proteins
and Na*/K* ratios. Meanwhile the osmotic adjustment
in S. imbricata and T. aphylla depends mainly on
accumulation of soluble proteins. However, it is most
interestingly to understand such regulation through
the interactions between chlorophyll content and the
three constituents in C. colocynthis, S. imbricata and Z.
coccineum at Kharga oasis. The contents of chlorophyll
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and compounds such as proline, glycinebetaine, soluble
sugars and ions were changed under saline conditions
(Farghali and Rayan 2005; Mutlu and Bozcuk 2005;
Wang et al 2004; Di Martino et al 2003).

Generally, not only the nature of osmolyte, but also
the seasonal pattern of osmolyte accumulation would
affect species-speciyc response differences. Additional
work should be performed to elucidate more about the
nature and kind of nitrogen metabolites involved in
regulation, but what had been done so far in this article
will give us suggestions about the occurrence of possible
mechanisms in wild species under adverse conditions.

References

Amtmann, A., and Sanders, D. 1999. Mechanisms of Na+
uptake by plant Cell. Advanced Botanical Research, 29:
75-112.

Berkowitz, G.A., and Gibbs, M. 1983. Reduced osmotic
potential effects on photosynthesis: identiycation of
stomatal acidiycation as a mediating factor. Plant
Physiology, 71: 905-911.

Bohnert, H.J., and Shen, B.O. 1999. Transformation and
compatible solutes. Scientia and Horticulture, 78: 23-260.

Boulos, L. 1995. Flora of Egypt Chicklist. Al-Hadara
Publishing. Pp 287, Cairo.

Chauhan, Y.S. and Senbaku, T. 1996. Thermostabilities of
cell membrane and photosynthesis in cabbage cultivars
differing in heat tolerance. Journal of Plant Physiology,
49: 729-734.

Delauney, A.J. and Verma, D.P.S. 1993. Proline biosynthesis
and osmoregulation in plants. Plant Journal, 4: 215-223.

Dhindsa, R.S. and Cleland, E. 1975. Water stress and protein
synthesis. |. Differential inhibition of protein synthesis.
Plant Physiology, 55: 778-781.

Di Martino, C., Delyne, S., Pizzuto, R., Loreto, F. and Fuggi,
a. 2003. Free amino acids and glycine betaine of leaf
osmoregulation in spanich responding to increasing salt
stress. New Phytologist, 158 (3): 455 —

El-Sharkawi, H.M. and Michel, B.E. 1977. Effect of soil water
matric potential and air humidity on CO2 and water vapour
exchange in two grasses. Photosynthetica, 11: 176-182.

El-Sharkawi, H.M., Salama, F.M. and Ahmed, M.K. 1988.
Some aspects of drought resistance in desert plants. 1—
Metabolic components of osmotic adjustments. Bulletin of
the Faculty of Science, Assiut University, 17: 153-172.

Farghali, K.A. 1998a. Some physicological adaptation in
yve desert perennials: Seasonal changes in ionic and
metabolic solutes. Bulletin of the Faculty of Science, Assiut

Saudi Journal of Biological Sciences Vol. 14 No (2) December, 2007

University, 27: 25-39.

Farghali, K.A. 1998hb. Chlorophyll Content and its stability in
native species inhabiting the Egyptian desert. Journal of
Arid Environments, 40: 163-175.

Farghali, K.A., and El-Sharkawi, H.M. 1990. Interactive
effects of water stress, NPK nutrients and irradiance an
chloraphyll content and soluble carbon metabolites in
cotton seedlings. Journal of Faculty of Science, University
of the United Arab Emirates, Al-Ain, UAE.

Farghali, K.A., and Gadalla, M.A. 1996. Inpuence of root
temperature and salinity of some physiological aspects of
sunpower seedlings. Egyptian Journal of Botany, 36 (1):
1-15.

Farghali, K.A.,and Rayan, A.M. 2005. Chlorophyll stabilization
in some succulent and non succulent species inhabiting
Kharga and Dakhla oasis in Egypt. Assiut University
Journal of Botany, 34 (2): 391-4009.

Hasegawa, P.M., Bressan, R.A., Zhu, J-K. and Bohnert, H.J.
2000. Plant cellular and molecular responses to high
salinity. Annual Review of Plant Physiology and Plant
Molecular Biology, 51: 463-499.

Joyce, P.S., Paleg, G. and Aspinall, D. 1984. The requirement
for low-intensity light in the accumulation of proline as a
response to water deycit. Journal of Experimental Botany
35: (151): 209-218.

Kameli, A., and Losel, M.d. 1995. Contribution of
Carbohydrates and other solutes to osmotic adjustment
in wheat leaves under water stress. Journal of Plant
Physiology, 145: 363-366.

Karimi, G., Ghorbanli, M., Heidari, H., Khavari Nejad, R. and
Assareh, M. 2005. The effects of NaCl on growth, water
relation, osmolytes and ion content in Kochia prostrata.
Biologia Plantarum, 49 (2): 301-304.

Kusaka, M., Ohta, M. and Fujimura, T. 2005. Contribution
of inorganic components to osmotic adjustment and leaf
folding for drought tolerance in pearl millet. Physiologia
Plantarum, 125 (4): 474.

Lee, Y.P. and Takahanshi, T. 1966. An improved colorimetric
determination of amino acids with use of ninhydrin.
Analytical Biochemistry, 14: 71-77.

Liu, X., Yang, Y., Li, W, Li, C., Duan, D., and Tadano,
T. 2004. Interactive effects of sodium chloride and
nitrogen on growth and ion accumulation of a halophyte.
Communications in Soil Sciences and Plant Analysis, 35:
2111-2123.

Louis, P. and Galinski, E.a. 1997. Characterization of genes
for the biosynthesis of the compatible solute ectoine from
Marinococcus halopbilus and osmoregulated expression in
E. coli. Microbiology, 143: 1141-1149.

Lowry, O.H., Posenbrough, N.J., Farr, A.L., and Randall, R.J.

279



A M Rayan' and K A Farghali?

1951. Protein measurement with folin phenol reagent.
Journal of Biological Chemistry, 193: 265-275.

McCue, K.F., and Hanson, A.D. 1990. Drought and salt
tolerance: towards understanding and application.
Biotechnology, 8: 358 —362.

Morant-Manceau, A., Pradier, E. and Tremblin, G. 2004.
Osmotic adjustment, gas exchanges and chlorophyll
puorescence of a hexaploid triticale and its parental species
under salt stress. Journal of Plant Physiology, 161 (1): 25-
33.

Murakeozy, E.P., Nagy, Z., Duhaze, C., Boucherean, A.,
and Tuba, Z. 2003. Seasonal changes in the levels of
compatible osmolytes in three halophytic species of island
saline vegetation in Hugary. Journal of Plant Physiology,
160: 395-401.

Mutlu, F., and Bozcuk, S. 2005. Effects of salinity on the
contents of polyamines and some other compounds in
sunpower plants differing in salt tolerance. Russian
Journal of Plant Physiology, 52 (1): 29-34.

Nir, I.,Poljakov-Matber & Klein, S. 1970. The effect of water
stress on the polysome population and the ability to
incorporate amino acids in maize root tips. Israel Journal
of Botany, 19: 451-462.

280

Niu, X., Bressan, R.A., Hasegawa, P.M., and Pardo, J.M.
1995. lon hamostasis in NaCl stress environments. Plant
Physiology, 109: 735-742.

Ostle, B. 1963. Statistics in research. Pp 585 lowa State
University Press, Ames.

Tackholm, V. 1974. Students Flora of Egypt (2" ed.), Cairo
university Press, Pp 888, Cairo.

Wang, B., Luttge, U. and Ratajczak R. 2004. Speciyc
regulation of SOD isoforms by NaCl and osmotic stress in
leaves of the C, halophyte Suaeda salsa L. Journal of Plant
Physiology, 161 (3): 285-293.

Williams, C.H., and Twine, J.R. 1960. Flame photometric
method for sodium, potassium and calcium. In: Peach, K.
& Tracey, M.V. (Eds). Modern Methods of Plant Analysis,
\ol. 5, pp 35-. Berlin-Heidelberg: Springer Verlag. 535
Pp.

Yancey, P.H., Clark M.E., Hand, S.C., Bowles, R.D., and
Somero, G.N. 1982). Living with water stress: Evolution
of osmolyte system. Science 217: 1214-1222.

Yeo, A.R. 1998. Molecular biology of salt tolerance in the
context of whole—plant physiology. Journal of Expermental
Botany, 49: 915-929.

Saudi Journal of Biological Sciences Vol. 14 No (2) December, 2007



eyackH) it3BrYF iy § Artk im0 § ik APl mT P wampdrt) dytrinylWF Clseliss LA
Ol nyOnik_FO§hiF T

AryRY wet - CrCHF OpFHiF) AyjO5F wyfb - C-Ify)U/fTOWM aHifIiF 61 T agrp Crjs Crel
AnyRY wsst - aHiiF wyfb -<dpglk 611 -ns0IT 8K 4l

JbbfB

6y OTFarl wOF_FOj TlF el natk irdYF CAppals LA nT dytrinyYF SR 1GF LA Eql 6) R PRHF PuOX U jh
WllbA R PR VKU Pbin M iyrBHEE CAROYNEF af Ctw . ++) /+ 3 whl i Ay TmOayslF ApyLIral iyr BrF CAFOyMEFITCY
N7 Wksalh %l JiFCF weim nT il CApsyimONM wyiblF iysysuf IKGreuf maK OIoh nalF JsfufiF 6kT es Frsy) WiFCarik
Ubprd? o gy iFTaTn Atk k. AONXKY it ppPiF wiMse nT ApyLATuf Uk 6y33h NT udldriF e/ 6K! eB MyhFalF UFHKLF
ATMFD  TalFu iy At CAppals LAY CAOmKY LW . Cpayhmd) i ifyaysLp F(rrcu,F bHjh Var) wf frwﬂ ArOriE dgcrd T peK
(oOy'ﬁK) BrOBOF dpy 6iliar _ LAY4sF miKm Myay'rMi)ﬂysH)F YpyLImuf UCKsI T 1Lt bn’I‘UJ,H) KONdF (3K OCHIB afdh
Kreuf es b +H) /+3 Wk ey) nigjar Appowr oY wOJiF iysysuf KGrewf 6550 bbi eB iiytppblF PuO3A)
(tppPiF) BrOBM_byr jiF_ eyinl of)_ BroPiF_Jluf App €8 b nT nérrik ongj rifm_ infFuk ApsyimOYF _udj i iysysuf
YCtum .OCHIBUF AFORUF wyirK mT ATkl rifm SCHERY A Talfm ieRlF itHLIMF CARBOrF 65F0h M! rkrruf XTF nT SRy
N7 BrOBOFM_CTHI T Bal ik S f frp iy TmOaysiim iyt CAyLItupm SyTmpHibiF onaje ey) SLIT ityPHe CIfBphpn
Al eye nT__ frif Jblsl SyTmpbiF witshi 21D ApHTLIF IS M7 AGAUE CArybmMOYF Wil Oy mAK upCHiF fnl iARCHF WM 3B
iysyBLF KFrewf ubprle &/ rip_ LAY niK .oHIDIF eyimOYF onage nT 66 4F nT upCyF 6nll S1uF m_ BTOPIF Citp

itprPlF wirss NT BrOBJM_ 333 BrIPIF Uit €8 3b NT OCHrhuf AFdwH nT $rns pMp MRHTLF X Tim

Saudi Journal of Biological Sciences Vol. 14 No (2) December, 2007 281



