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he present investigation aimed at the study of the
ecophysiological responses of some psammophytes at
two different habitats: South El-Bardwil Lake and Siwa

Oasis. Physical and chemical properties of the soil were

recorded. The floristic composition of the two selected

pilot areas was realized. The chemical composition of
some species was discussed in relation to climatic and
edaphic factors. The results indicated that:

1- South EI- Bardwil Lake was dominated by
Zygophyllum  album community type, while the
Khamisa sand dune was dominated by Cornulaca
monacantha community Lype.

2- The annual species were highly represented in the El-
Bardwil sand dune habitat.

3- The maritime influence has great impact on zonation
pattern of vegetation in the coastal sand dunes.

4- Most of the perennials occupied the crest of dune at
the two pilot areas.

3- Plant species have (wo modes of physiological
adaptation to the environmental stresses; some species
were electrolytic dependants while the other were
non- electrolytic dependants in their adaptive
responses to the prevailing conditions.

Keywords: ecophysiological responses, psammophytes, sand dunes, north

Sinai, Siwa Oasis

The present investigation was carried out in two contrasted pilot areas. The
first area is located south of El-Bardwil lake between long 32° 50" and 33°
100 E and lat. 31°00" and 31° 50° N. extending for about 70 km in length
and ranged from 3 to 10 km in width where a scries of maritime sand dune
ridges are present. The mobile dunes represent a great portion of this pilot
arca. Generally, the climate of north Sinai is characterized by arid, long hot.

CamsScanner 2 Ligs d> suadll


https://v3.camscanner.com/user/download

Bt Zaghloul, A- K and E. E. A. Moussa

raindess summers and mild winters with scarce amounts of rainfall (NARSS,
1994). The second pilot area is located southwest of Siwa Oasis (Khamisa).
Siwa Qasis is one of the depressions (10-17 m/ below the sea level) located

i the northern part of the western desert of Egypt between long. 25" and 26

E and laz 29 and 30 ° N. about 300 km south of the Mediterrancan Coast.
According to the values of Emberger (1951) Pluviothermic Quotient (1.43)
Siwa chmate is characterized by severe aridity. Sand formations are
dominant Teature of the landscape of Siwa Oasis. They are formed of acolian
matenals which settle on wide areas forming sheets of sand or building sand
hars and’ or sand dunes. On the south and southeastern sides of the lakes (e.g
Sz lake and Fl- Maragi lake) there are extensive areas of sand dunes that
van i height (2-3m), size and shape (Zahran, 1972; Zahran and Willis,
1992y

The aim of the present investigation was the clucidation of the eco-
phy siological and philological responses of different plant species in relation
w edaphc and climatic factors in the two studied areas (EI- Bardwil and
Khamisa),

MATERIALS AND METHODS

The eco- physiological responses and the phenological aspects of the
sand dune vegetation were studied in relation 10 climatic and micro-edaphic
factors at two different pilot areas: south El- Bardwil (north Sinai) and
Khamisa (southwest Siwa Oasis).

Soil Sampling and Analysis

In each pilot area, three sites were set up. Three soil samples at two
different depths (0-30 and 30-60 cmj were collected from cach site and were
mined together 1o form homogencous samples. All soil samples were air
dried. then the panticle size distribution was undertaken by the sieve method
after Wild ef @l (1979). The pH. electrical conductivity (EC), calcium
carbonate, moisture content. cations (Na'. K', Ca ', Mg ') and anions
(HCO. . C1 . SO, ) were determined according 10 Jackson (1967) and Piper
(19301 The particle size, moisture content, calcium carbonate content were
expressed as a percentage. The cations and anions content were expressed as
me /L IThe electrical conductivity was expressed as dSm '
Vegetation Analysis and Plant Sampling

The sand dune vegetation of El- Bardwil (north Sinai) and Khamisa
(Siwa Oasis) was studied m i 10tal of 6 sites: three sites (the crest, the flank
and the foot of the dune) in each pilot area. In each site. a list of species was
recorded and 15 random quadrats (10 # 10 m) were studied. Species density.
frequency and cover were determined according to Muller- Dombois and
Eilenberg (1974). The relative values of density, Irequency and cover were
summed 10 give the importance values for each species (Ludwig and
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Reynolds, 1988). The abundance- dominance scale followed by Tadros and
Alta (1958) was applied. The plant samples representing the two pilot areas
were collected 1o be analyzed for cations (Na', K*, Ca™', Mg ") according 1o
Richards (1954) and some metabolic constituents; total available
carbohydrates (TAC) according to Said ef al. (1964). total nitrogen (TN) by
the micro-Kjeldahl method, total chlorophyll (T.ch) and carotenoids (cartn)
according to Vernon and Selly (1966). All results were expressed as mg / gm
dry matter. All data presented in the tables are means of the readings.
Climate of the Study Areas

The climatic characteristics (average of 6 years from 1995 to 2000) of
El- Arish province, north Sinai and Siwa Oasis, weslern desert are given in
table (1). The data reveal that there are substantial differences between the
two areas. According to the UNESCO/FAQ bioclimatic map of the
Mediterranean zone (1963) and Ayyad and Ghabbour (1986), north Sinai
region climatologically falls within the arid Mediterrancan zone and the
climate of this region is attenuated sub- desertic with a short dry period. On
the other hand, Siwa Qasis falls within the extreme desert of south west
Egypt which is a part of the driest region of the world; the climate of this
region is accentuated desertic with a long period of drought (Bornkamm,
1991).

Data in table (1) shows that the average annual rainfall in north Sinai
is 9.3 mm, while in Siwa Oasis it is 0.8 mm. The average annual maximum
temperature in north Sinai ( 25.6° C) is low as compared with that of Siwa
Oasis (29.7° C). The highest mean monthly maximum temperature (31.7° C)
shows that the plant cover of north Sinai is not subjected to very high
injurious temperatures during summer. The average mean minimum
temperature (15.9° C) is not so low as to inhibit growth or prevent
germination. The reverse is true in Siwa Oasis where this region is
characterized by very strong solar radiation for a long period and similarly
strong reradiation from the soil upward during the night causing extreme
differences between day and night of air and soil temperatures. The average
annual soil temperature is 20.4° C in north Sinai province, while in Siwa
Oasis it reached 31.3° C.

The annual average of relative humidity in north Sinai is 71.7%. The
driest months are May and October, while the most humid months are
February. July, November and December (R.H. ranged rom 74-78 %). In
Siwa Oasis the annual average of relative humidity is 41%. The driest
months are April, May, June, July (R.H. ranged from 30-34%), while the
most humid months are January, November, December (R.H. ranged from
52-56 %).

As evident from table (1) the wind speed fluctuates within a range
between 3.0 m/sec and 4.6 m/sec within the two areas of the study. Wind
direction varies in the different seasons; the blowing of southern and south
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eastern winds in winter make the air warmer, while the blowing of northem
and north-western winds in summer make it cooler in north Egypt. This
phenomenon, together with the maritime impact, make the air temperaturc
mild and diminishes the ranges of diurnal and seasonal oscillation in the
northern part of Egypt at all. The annual mean evaporation is 4.5 mm / day
in north Sinai, while in Siwa Osais it is 7.1 mm/ day. The high humidity
during summer months results in decreasing the evaporation rate in these
months.
TABLE (1). The climatic characteristics of El- Arish provinece and Siwa
Oasis (average of 6 years 1972-1992, Ministry of Civil
Aviation, Meteorological Authority ).

Al - Arish , North Sinai Siwa Oasis
ltems y ! K .
A '\'r' S0l Avarage I, A'r[ ) Sod Average
S et lt_lll‘l‘- Rain|R11 | wind | wing |CTPETME S i1 Evaporation| wind .
C ( = |Evaporation R ( C X Wind
mm | S| day speed [direction mm|% | mm/day | speed ivectia
Months Max | Min 20 e Y| kmh Max. | Ati 20 ¢ knv/h "
' " |depth AT A epih
184 94 |109|338)710 16 209 WSW | 196 | 46 [206] 1053 41 105 W
January
February | 194 | 100 | 123 [155[M0 40 176 \\4 208 59 |21 121 |48 48 118 W
March [ 207 [10L.7]159]132[700 45 130 WNW [ 251 | Bo |248|03 |38 60 139 w
Apnl 233139202 ]102(71 0] 47 137 NNW [ 208 | 1263281133 72 44 w
May %7 167|238 180630 49 155 NNW 341 |167]372(12]30 97 126 |[NNW
June 2041200(27]|00 TJDI 49 41 NNW [378 196 |388(00 |30 103 117 INNW
July L1 1217126900 T-IUE 48 107 NNW | 377 |208|396 |00 |34 112 11 N NE
August | 317]|223)288]00 (730 49 100 NNW | 375|208(397]00 |37 89 98 N NE
September| 106 | 211 157100 70_01 32 154 NNW [ 349|186 |373[01 |41 82 89 N NE
Oclober | 289 | 183230 64 6“0' 48 187 NNW [ 313 [150]337[04d |45 68 81 N NE
November| 250 | 15017799 'HOI 10 179 | WNW [ 259 (10127911 |52 51 76 w
December| 206 | 111]129]208 TIOI Jo 218 WSW 211 |62 |222)21 |56 33 04 w
"::;':‘ 2356|159 204 |03 17| 45 158 27 [133|33]osfa] 73 | 108

The plant communities of the Mediterranean coastal zone in Egypt are
clearly subjected to climatic factors which are more favorable than those of
the Siwa Qasis habitat.

RESULTS

Three topographically different representative profiles were chosen to
cover the widest possible ranges of soil variation within each pilot area; the
first at the crest, second at the flank and the third at the foot of the dune. Two
depths (0-30 and 30-60 cm) were dug in each profile where a large volume
of root materials extends. The physical characteristics ( Table 2) of the soil
exhibit a wide range of variation along the topographic gradient and depths
at the two pilot areas. In the first area (EI- Bardwil). soil texture is dominated
by fine ingredients (fine sand is 8- fold the coarse sand). Silt and clay ranges
were 4.5-4.1, 7.1-5.2 and 13.1-7.8% at the crest, flank and the foot of the
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dune, respectively. On the other hand, soil of Khamisa was coarse- textured
(the coarse sand: fine sand is approximately 2 : 1) where the coarse sand
ranged from 53.9 10 58.51%. Silt and clay ranges were 2.7 - 2.5, 2.6-2.4 and
9.3 - 10.1 at the crest, the flank and the foot of the dune, respectively.
However, the percentages of silt and clay differed between and within the
pilot areas of the study, being higher in El- Bardwil soil than in Khamisa
soil. Also, they varied with topographic, being smaller from the summit to
the foot of the dune.

Soil moisture content varied between and within the two areas, being
higher in El- Bardwil soil than in Khamisa. It tended to increase from the
crest 1o the base of the dune. Moisture content in El- Bardwil soil is 2-fold
that of Khamisa soil at the different sites and depths. This means that soil
moisture content coincides with soil texture class.

TABLE ( 2). Physical properties of the soil from the study areas.

Location El- Bardwil ( north Sinai) Khamisa ( Siwa Quasis )
Site | Depth Coarse I;I":; Silt & N::;ﬁi‘:l';r”l'nlurc Coarse | Fine &!::: [Moisturc{Texture
S PR sand % 5,} clay % o class |sand %|sand % %‘)runlrn% class
o (]

0-30 ] 102 | 853 | 45 18 | Sand | 5836 | 3892 (272 [ 089 | Sand

Crest
30-60| 1015 | 8375 413 223 | Sand | 5842 | 3897 | 257 13 Sand

. 0-30 31 898 | 7.1 182 | Sand | 5842 | 3895 (263 | 096 | Sand
Flank

J0-60| 118 |8295) 525 | 210 | Sond | 5850 [ 3901 (248 | 12§ | Sand

0-30| 104 [ 765 | 13.1 195 | Sand | 3441 | 3627 | 932 | 141 Sand

Foot

J0-60| R2: 785 | 254 | Sand | 5389 [ 3595 |10.16| 156 | Sand

12
o
oo
W
-~

The chemical composition of the soil samples from the studied areas is
given in table (3). As evident from table (3) soil reaction (pH) ranged from
8.1-8.4 and from 7.8-8.9 in El- Bardwil and Khamisa soils, respectively,
being mildly alkaline in some layers to distinctly alkaline in others. The
electrical conductivity (EC) tended to increase from the summit to the foot
of the dune in both areas. It ranged from 0.8 dSm™ in the surface layer (0-30
em) 10 2.4 dSm™ in the deeper ones (30-60 ¢cm) in El- Bardwil soil, while in
Khamisa the clectrical conductivity ranged from 0.15 dSm™ to 1.06 dSm™ in
the surface layer (0-30 cm) and from 0-18 10 0.71 in the deeper one (30-60
¢m). The increasing salinity of the surlace layer at the foot of the dune (1.06
dSm™' in Khamisa may be due to the increased evaporating power, forming
a mild salted crust soil. Generally, the soils are non-saline on the summits
and the Manks to slightly saline on the base of the dune in the two pilot areas.
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TABLE ( 3 ). Chemical composition of the soils from the study areas.

Location El-Bardwil { north Sinai ) Khamisa ( Siwa Oasis )
EC L b CO Cations me / L |Anions me / L, e aCO Cations me/ L | Anions me/ [,
) A g A & )
Site {Depthy o P oy, T 1I- asm* M o 5 -
Na'|KiCa™ [Me OO0 SO Na'| K (Ca" Mg '[HCO,|C1 (SO,

Crest

0-30| 09 f!-i 022 (55031407092 (51(22] 015 [89] 9.79 [1.150.20 [0.67(0.33( 0.38 |1 50047

30-60| 14 [83] 0.20 69h43.‘) 18| 1.6 [69]31] 018 BSI| 1184 [13)|0.12]084|0.06) 055 083N 75

)

0-30| 08 r»: 023 |sspaf16/060| 085 [s2[21] 035 |79] 1238 |1 89 0
Flank

0 33]067] 0.38 P 2041 62

30-60| 16 [84] 022 |8spafuef22| 18 [los]4 1] 023 83 979 |1 01f 020 [083[0.54) 039 |1 24095

Foot

030( 09 {821 020 {7604 13|02| 11 |52]|23| 106 B21 31.64 [8.57 0.63 |205/145({2.95|7 P75

30-60) 24 [8 1] 0.23

L]

-
-
=

351240 26 17|46 071 |366 48.66 [5.69 0.42 |1.78[1 39| 191 {46291

Calcium carbonate (CaCQs) content indicates that soils of El- Bardwil
sand dunes are very slightly calcareous, while the soils of Khamisa sand
dunes are of highly calcareous nature. Depthwise, slightly distribution of
CaCO; showed two distinct patterns where CaCO; fends 1o increase
downwards within the soil profiles of Khamisa area, while in El- Bardwil
arca CaCO; content was approximately the same within and between the
different profiles. Soluble cations are mostly in the order Na'> Ca " >Mg "
> K', while soluble anions follow the order Cl ~> SO, "> HCO; ~ except in
few cases where K~ exceeds Mg' .

The phytosociological features and the phenological aspects of the
vegelation in the two sludied areas are given in table (4). Results of the
present work showed that the flora recorded in the two habitals consists of
14 flowering plant families of 27 genera and species. Family Poaceae was
the first contributor (5 sp.), followed by Legumi nosae (4 sp.), while
Asteroceae and Caryophyllaceae occupied the third rank (each of 3 sp.).
Family Chenopodiaceae ranked fourth (2 sp.); the other families have one
species. There are many species specified of sand dune habitats for
example, Cornulaca monacantha, Zygophyllum album, Stipagrostis scoparia
and Ammophilla arenaria. The latter species is restricted in its distribution to
maritime sand dunes from Rafah in the north to El- Sullum in the west. El-
Bardwil sand dune habitat was dominated by Zygophlhan album community
type (IV = 46.1 %). The associated species were 19 perennials: Cornulaca
monacantha, Artemisia monosperma, Astragalus fruiticosum, Lygos reatam,
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Comvolvulus lanatus, Panicum trgidum, Calligonum comasum, Thymelaea
hirsuta, — Stipagrostis -~ scoparia, — Lotus — criticus, — Frodium — hertum,
Haplophyllum — tuberculatum, — Pancrcehativm — maritimum, — Ammophila
arenaria, Paronychia Sinaica, Heliotropum digynum, one binnial species
Centauria pallescens, and 7 annual species; Polycarpon succudentum, Sileie
succulenta Schismus  barbatus, Buassia muricata, Cutandia  memphytica,
lfloga spicata and  Echium longifolivm. Most of the perennial species
occupied the crest of the dune, while annual species were distributed on the
flank and the foot of the dune. On the other hand, Khamisa sand dune habitat
was dominated by Cornulaca monacantha community type (1V=220.1% ).
Only four perennials associates were recorded: Zygophyllum album (1V=
66.2 %), Alhagi maurorum (V=124 %), Stipagrostis scoparia (1V= 0.9 %)
and Cistanche tubulosa (1V= 0.4 %). The mosl interesting point here was the
complete absence of annual species.

Mos! species. either perennials or annuals, were in vegelative or
flowering phases in the El- Bardwil habitat, while species of Khamisa (all
perennials) were in vegetative. fruiting and even dormant stages during the
period of study.

The chemical composition of some representative perennial species
from the two habitals is given in table (5). Results indicated that some
species were either electrolytic dependent or non- electrolytic dependent in
their adaptive responses to the environmental stresses (edaphic or climatic
stresses),  while some others  responded to  such  stresses  through
accumulation of electrolytic and non- electrolytic constituents in their
tissues. For example, Cornulaca monacantha, Stipagrostis  scoparia,
Convolvulus lanatus, Artemisia monosperma and Ammophila arenaria were
non- electrolytes dependent; while Zygop/nllum album was the only species
depended upon the inorganic constituents in the LI- Bardwil habitat. On the
other hand, the later species responded (o the environmental stress through
accumulation of some metabolic constituents more higher than the cationic
contents in Khamisa habitat. Cornulaca monacantha, and  Stipagrostis
scoparia ook the same trend as in the first habitat.

Generally, desert plants have a specific mechanism; physiological,
morphological and even structural, which accommodate, the environmental
stresses.
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TABLE (4). Vegetation analysis of the study areas; 1. El- Bardwil (north
Sinai), 1I: Khamisa (Siwa Oasis) Early April, 2005,

—— lems Pl nn Life Growth form Average IV

e form I T I T
Zygophyltum album Axophyilaceae Per Ay 3Do. Ir 46 10 062
Cornulaca Cheropodiaccac Pet 2¢ | spoi | 3569 | 2201

_manacantha

| Artemisia monosperma Asteraceae Per 3g . 324 -

| -Itl‘.'r;;;ﬂ\ frusticosum Leguntmosae Per g - 2332 -

B Lygos ractam Legummosae Per 201 - 210

| Convolvulus lanates | Comvolvulaceae Per n - 1546 -

: " Panicum turgidum Poaceae Per ] . 1476 -

,[ (alﬁgel;um camesum Pohgonaceae Per I g . 1287 -

';__ﬁﬂnﬂam hirsuta Thymehaceae Pet le 0 1260

Supagrosiis scoparia Poaceae Per in 21 11 09
Lotus creticus Legununoseae Per 28 - 77 -
Erodium hirtum Geraniaceae Per 21 . 711

' ’:‘T::::f:'::: Rutaceae Per +g - 385 -

{ A ;’:‘;’L’;’:‘:" Liliaceae Per iy : 379 .

| Ammophila arenaria Poaceac per g - 128 -

i Heliotropium digynum i Borumnaceae per ‘g - 191 -
Paronycha sinaica Canvophyllaceac per 3fp - 149 -
Alhagi mawrorum Legunnnoscae Per - A Doy fi - 124

| Cistanche mbulosa Orobanchaceae Per - 4 : 04

| Cemtaurea pullescens Asteraceae Bi an - §17 -

]f:ilflu‘-’:nmf:’; Carvoplpllaceae B 3e.N - 14 34 B

!h Silene succulenta | Canophyllaceae I3 g . 1239 -

I Schispus barbatus Poaceae I in . 913 .

| Bavsia muricata Chenopodiaceue 1 g . 104 .

! Cutandia memplytice Pouceae Ih 2.1 - 296 -

r Ifloga spicata Asteruceac 13 ‘g p 261 -

E Echium longifoliem j Boraginaceae ] n - 241 -

Per = Perenmals
Ann = Annuals

g = Green

1= Flowering

fr = Fruiting

Do = Dormant

Vs~ Important values
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§ = Very abundam

4 = Abundam

3 = Fairly abundant

2= Rare
1 = Very rare
-

= Just present

—d
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TABLE (3). Minceral ions and some metabolic contents (mg/g dry wt.) of
some representative plants from the study areas (El- Bardwil
and Khamisa).

]

I L1 = Bardwil | north Sinai) hamisa ( Siwa Oavis )
| Na'| K Ca Mg [Total| TAC| TN| O CarfTotal|Na'| K Ca™"Mg™ lnul]'l AC|TN I.(';I(_'ur. Tatal
I

| Cornulaca
monicantha
-

b
"
ra
—
=
)

39 |2 8339.65

o SSET SIS 2S26AS[29 1119 T 24 480 S 32T 9319 914 45 30.6)

—
| 24e i

‘-“'%"—""""m odl 22 (23 laar | 3 p sl aslzosasfss|a s 83 [ar|15e]82| 18 1612724
i

Mipagrostis |y (ol 1<f7 95| 31 [14.98{139[5 s]4.7]2 3| 264 0 76t 71fs 213 82 [17.50/11 78[5 6] 2 41 [2 77[22.58
wopara

Convolvulus

10 36 W8 9815 3613096/32 219516935521 -
lanatus

Irfemisia o 188 9/ 54 f633[ 265129 1| 761|126 |4a4] - |- |- | - - |-
PO PCTIT

! tmmophila b, oo 4 7169 6 65|15.58[172]96]19]27] 344
'L dremavia
TAC = Total available carbohydrates.
TN = Total nitrogen.

[.Ch = Total Chlorophy L.

Car = Carotenoids.

DISCUSSION

According to the Emberger’s classification system (1951). El- Bardwil
area belongs to the Mediterranean arid bio-climatic zone. The prevailing
climate is a Mediterranean type. characterized by fairly mild rainy winter
and a hot summer. In other words. the climate of this area is attenuated sub-
desertic with a short dry period. Generally, north Sinai lies under the
Mediterranean phytogeographical region (Good, 1947). On the other hand,
the Khamisa area locate in Siwa Oasis is apart of the most extreme desert of
the world (Zahran and Willis, 1992). According to Wickens (1976) most of
the flora of siwa Oasis belongs to the Saharo— Sindian region.

It has been found from the results of the present study that there is a
vertical zonation in the soil chemical characteristics along the dune from the
crest to the foot. Consequently a vertical zonation of natural vegetation has
been developed along the microtopographic gradients of the dunes. This was
obviously clear in sand dunes of the EI- Bardwil habitat. The zonation
pattern was not clear in the Khamisa area due to the gently sloping of the
sand dunes. These results agreed well with the findings of El- Ghonemy
(1973 ). Migahid er al. (1971), Abdel- Razik er al. (1994). Huisman and
Tooren (1993) and El- Khouly (2001) which concluded that zonation of
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vegetation along the dune was parallel to variations in soil chnracleri_slics.
The differences in salinity, Nooding or maritime impacts and moisture
content were important determinants of the differences in  species
composition along the topographic gradients of the sand dune. It is clear
from the results that the physical and chemical properties of soils of the two
pilot arcas exhibited a wide range of variation. Beside the severe aridity in
Siwa Oasis, the coarse textured, loose and permeable characters of the soil
were responsible for rapid drying of the surface layers of the soil and rapid
increase in the water content of the more deeper ones. Consequently the
vegetation of Siwa Oasis, in general, was very limited in diversity, number
of individuals and distribution. These results are in agreement with Ayyad
and Fakhry (1994 and 1996) where they found that diversity is greater in the
plant communities on stabilized sand dunes than those found on the active
and partially stabilized sand dunes.

Results indicated that the high representation of annual species in the
sand dune habitat of EI- Bardwil area may be due to several factors such as
high percentage of fine ingredients, moisture content of the soil and the mild
prevailing climate of this area.

Also, the increase of maritime influence has great impact on the
vegelation composition and nature of the characleristic species in north
Sinai. The reverse is true for the sand dune habitat of Khamisa where
annuals were completely absent. Results of the present work agreed with
those of Abd El- Rahman and Batanouny (1959), Rozema ef al. (1983 and
1985). El- Ghareeb (1991), El- Khouly (2001) and Abd El- Fatiah and
Dahmash (2002).

Results indicated also that most perennials were recorded on (he cresl
of the dune cither in EI- Bardwil or in Khamisa sand dune habitats where (he
perforation is high and the water accumulated in the deeper layers, so these
perennial species have long vertical well developed root systems. For
example, Cormidaca  monacantha, -~ Zvgophvllum — album, — Stipagrostis
scoparia, Convolvulus lanatus and Artemisia monosperma were abundant in
the upper part of the dune where the soil is not saline. These observations are
in agreement with those of Zahran (1972), Ahmed and Girgis (1979), Abd
El- Ghani (1998) and EI- Khouly (2001).

It is notable from the results that the phenological aspects differed
within and between species of the two pilot areas. This may be due to the
great variations in the climate and the edaphic factors of the two different
habitats. The species being vegetative and flowering in the El- Bardwil
habitat, while they were in vegetative, [ruiting and even in dormant phases in
the Khamisa habitat.

Results of the present investigation indicated that there are two modes
of physiological adaptation to the environmental stresses. Some species
depend 1o a large extent on accumulation of organic intermediates in
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building up their osmotic potential, whereas the osmotic adjustment of some
other species depends mainly on the accumulation of electrolytes and to a
less extent on organic constituents. The results are in agreement with those
of Wallace and Harrison (1978), Bannister (1981), El- Shourbagy er al.
(1984), El- Monayeri ¢f al. (1986), Ahmed er al. (1999) and Moussa (1994
and 2001). The greater carotenoid compounds in species of the Khamisa
sand dune habitat than those of EL-Bardwil habitat may reflect the injury to
more intensive solar radiation. Generally, under harsh environment, where
the resources especially water and nutrients become limited in time or in
space, desert plants optimize their metabolism to cope with such
environmental stresses.

Apart from the physical properties of the environment in the two
habitats which influence the plant distribution and the eco-physiological
responses, their genetic features also need to be deeply studied to verify
clearly the biotic and /or abiotic limiting factors having a significant and
decisive role in the restriction or expansion of the natural vegetation in such
habitats.

CONCLUSION

Climatically, the two pilot areas of the study differed from each other,
south El-Bardwil Lake belongs to the arid Mediterranean zone. while Siwa
Oasis falls within the hyper arid of the extreme deser! of south west Egypl.

Topographically. sand dunes of south El- Bardwil Lake are
characterized by sharp steepness having a crest, a flank and a foot. On the
other hand, sand dunes of Siwa Oasis, in general, are slightly undulated,
gently sloping and the micro- topographic features (summit, slope and base)
were not easily detectable.

As regards soil properties, texture class of the sand dunes habitat of El-
Bardwil area is dominated by the fine ingredients; this is positively correlated
with high moisture content and high soil ions content. On the other hand, soil
of Khamisa area was dominated by coarse-textured class ingredients.

Due 1o the variable topographic features and micro variation in edaphic
factors, there is a distinct vertical zonation of natural vegetation along the
dune ridge side of south El- Bardwil Lake habitat. This zonation pattern of
vegetation was not observed in the Khamisa sand dune habitat.

From the eco-physiological point of view, there are wide variations in
the floristic composition between and within the two pilot areas of the study.
Sand dunes of El- Bardwil area are dominated by Zygophyllum album
community type with many associates of perennials and annuals, while
Cornulaca monacantha community type dominated the sand dunes of the
Khamisa area with a very limited number of associate of perennials. The
annual species were not represented at all. Also the phenology of different
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plants differed between the two habitats. Physiologically, different
representative species of the two pilot areas showed two modes of
accommodation to the environmental stresses; some species depend on the
accumulation of electrolytes while the others depend on the accumulation of
organic intermediates in their adaptive responses 1o prevailing conditions.
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