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Abstract: This study was carried out to correlate Zygophyllum album L. distribution and abundance
in different habitats to environmental factors, determine the optimum temperature for Z. album seed
germination, and examine ways to promote Z. album seed germination under saline conditions.
Vegetation and soil analyses were performed on Z. album communities found in costal sand dunes,
saline depressions, and inland desert plain. Germination experiments were conducted to define the
optimum thermal conditions for Z. album seeds under various salinity conditions. Effect of 3 mM
gibberelic acid (GA3), 0.5 mM kinetin, 0.005 mM fusicoccin (FC) and 3.3 g L-1 Proxy solution was
tested. Soil pH and electrical conductivity (EC) in addition to CaCO3, N, P, Ca and Mg contents were
limiting factors in deciding vegetation types and the percentage of variation in the absolute density
of Z. album. It was found that 3 mM GA3, 0.005 mM FC and 3.3 g L-1 Proxy solution increased
speed and germination percentage of Z. Album under saline conditions in different ways. Proxy
solution was the most effective growth regulator. Environmental differences among habitats had less
significant effect compared with the microenvironmental factors within each habitat. 
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INTRODUCTION

The Western Mediterranean Coastal land is one of the richest phytogeographical regions in Egypt where
land forms are consisting of coastal dunes followed by a series of rocky plains that increase in elevation in
the inland direction. The rocky plains are separated by saline depressions that become less saline in the inland
direction. Soil ranges from snow-white coastal dunes to clay/loam salt marshes and rocky ridges with skeletal
shallow soils. The landscape of this area is differentiated into a northern coastal plain and a southern inland
plateau. The coastal plain is characterized by 6 prominent physiographic features arranged from north to south
as: coastal ridge, saline depressions, non-saline depressions, inland ridges, inland plateau and inland siliceous
deposits (EL-Ghareeb, 1990). 

Zygophyllum album L. is a wild salty desert herb belonging to the family Zygophyllaceae. It is a low,
woody dwarf shrub (20 to 30 cm in height) with opposite succulent leaves and petioles. The stem is highly
branched, flowers are white and flowering occurs in the month of March. The fruit contains 5 dilated lobes
welded to their base and then widening the peak. The fruit stalk is shorter than the fruit (personal
observations). It is distributed throughout the North African Sahara to Arabia and tropical east Africa (Hosny,
1978).  It has a wide geographical distribution in Egypt and is common in the dry salt marshes in the costal
belts of the Mediterranean and the Red seas. It is also abundant in certain inland desert wadis within the saline
areas around the brackish water springs. Rainfall amount has little effect on the distribution of Z. album. It
grows under widely different conditions of rainfall ranging from 158 mm/year at Mersa Matruh to 3 mm/year
at Hurgada. Generally soils support this species have salt content reaching 5.5% in the upper layer (0-25 cm)
and carbonate content ranging from 1.5 to 31.5%. It is a sand binder species, helps in stabilizing mobile sand
forming phytogenic hillocks (Batanouny and Ezzat, 1971). The plant species in this desert area exhibit different
growth and productivity characteristics (Elhaak, 1986). Phytosociological studies in the region indicated that
many species, including Z.album, are of wide ecological amplitude (Abdel-Razik et al., 1984; Ayyad and
Hilmy, 1974; El-Ghareeb, 1990; Migahid et al., 1996; Migahid and El-Haak, 2001; Shaltout, 1983). Z. album
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is not palatable for grazing animals (Heneidy, 1996), but is one of the medicinal perennial herbaceous plants
(Meng et al., 2002). The leaves, stems and fruits of this plant are used in folk medicine as a drug active
against rheumatism, gout, asthma and hypertension. It is also used as diuretic, local anaesthetic, antihistaminic,
anti-diabetic agent, carminative, antiseptic and stimulant (Meng et al., 2002). Also, it has antidiarrhoeal activity
(Atta and Mouneir, 2004).

Soil salinity is one of the problems affecting arid countries including Egypt. Increased salinity level along
with drought represents the main edaphic constraints limiting plant growth and productivity and result in a
considerable scarcity of vegetation during much of the year. Although glycophytes and halophytes seed
germination displays a high degree of inter- and intra-specific variability, shows some patterns in response to
various environmental factors such as salinity, moisture, light, temperature and their interactions, the
germination of both could be inhibited under saline conditions (Ismail, 1990; Khan, 2003; Gorai and Neffati,
2007). The effects of growth regulators in enhancing seed germination under salinity conditions in several
plants have been reported (El-Keblawy et al., 2005; Gul et al., 2000; Gul and Khan, 2003; Gulzar and Khan,
2002; Ismail, 1990; Gul and Weber, 1998; Khan et al., 2002). Ismail (1990) conducted a study to determine
the effect of the habitat of origin (glycophytic vs. halophytic) on the ability of Z. qatarense Hadidi to
germinate under varying levels of salt stress and to investigate the effect of temperature, light exposure and
growth regulators on Z. qatarense seed germination. He found no habitat effect on the final germination
percentage and germination rate. In addition, gibberellic acid (GA3) and kinetin did not improve seed
germination, while fusicoccin (FC) was effective in stimulating seed germination. Khan and Ungar (1997)
found a substantial alleviation effect on both innate and salinity-induced seed dormancy in Z. simplex L. seeds
when used 3 mM of GA3 and 0.5 mM of kinetin.

The objectives of this study were to 1) correlate Z. album distribution and abundance in different habitats
to environmental factors, 2) evaluate the degree and mechanism of tolerance to salt stress during seed
germination, 3) determine whether populations of Z. album originating from a glycophytic habitat and a
halophytic one differ from each other in their ability to germinate under salinity conditions,  4) determine the
optimum temperature for Z. album seeds, and 5) determine whether the application of some growth regulators
could promote Z. album seed germination under higher salinity levels. 

MATERIALS AND METHODS

Phytosociological Studies:
Study area is located west of Mersa Matrouh and east of Sidi Barrani, Egypt, between 31o 21' and 31o 25'

N and between 26o 65' and 27o 05' E. This area was selected after a complete survey to plant communities from
Mersa Matrouh east to Sallum west. The mean reason of choosing this transect was the presence of Z. album
in varying degrees of abundance along different habitats. Topography, geomorphology, geology, soil, climate
and plant communities of this area are presented in detail in many reports (Ayyad and Helmy, 1974; Kamal,
1988). Twenty-five stands (100 × 50 m) were marked in each of the major habitats (Costal sand dunes, saline
depressions, and inland desert plain). The transitional areas between these habitats were skipped in this study.
Each marked stand had a visual physiographic and physiognomic homogeneity. In each stand, two hundreds
(1 × 2 m) randomly distributed quadrates were sampled, and the number of individuals of each perennial
species was recorded. The records were then used to calculate the frequency and density of each perennial
species. Line intercept method (Canfield, 1941) was used to estimate crown cover (m/100 m) for each perennial
using ten 100 m lines. The density, frequency, and cover for each species were expressed as a percentage of
the total for all species in each stand. The sum of these three values was used to provide an importance value
(IV) for each species. Taxonomic nomenclature was according to T¨ackholm (1974) and the Latin names were
updated following Boulos (1995) and The International Plant Names Index. 

Soil Analysis:
Four soil samples (0-50 cm) were collected from each stand, air-dried, thoroughly mixed, sieved by a 2-

mm sieve to remove gravel and debris. Homogeneous samples were prepared for physical and chemical
determinations. Chemical analyses include the measurements of soil pH, EC, calcium carbonate (CaCO3),
organic matter (OM) and individual ions. The pH and EC were measured in soil water extracts (1:5 w/v) using
pH and EC meters. Total CaCO3 was measured in the dry samples by using a calcimeter (Olsen et al., 1954).
The content of OM was measured by loss on ignition of the air-dried soil samples at 450oC after calculating
the lost amount by hygroscopic moisture method which gives satisfactory results for wide range of soil samples
(Allen et al., 1974). Soil samples were analyzed for chloride, nitrogen and phosphorus. Individual ions were
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determined by inductively coupled plasma atomic emission spectrophotometry (ICP-AES). A chloride probe
was used to measure chloride ion content. Nitrate-N and orthophosphate were determined
spectrophotometrically at 520 and 660 nm respectively by reacting with paramolybdate (Chapman and Pratt,
1961).

Seed Germination Studies:
In October 2004, the fruits (brown capsules) were collected from natural populations of Z. album L.

located in the three studied habitats and seeds were collected from capsules in the laboratory. Seeds were
surface sterilized for 20 seconds in 3% (w/v) calcium hypochlorite, and rinsed with deionised water. In all
experiments seeds were sown on sterile germination blots lined in 9-cm diameter Petri dishes. In each dish,
100 seeds were placed on each germination blot. Germination blots were moistened with 10 ml of different
treatment solutions. Petri dishes were then sealed with parafilm and were placed in the designed growth
chamber (Model MB-60B, Percival Manufacturing, Boone, IA). Seeds were considered germinated if the
emerged radical was greater than 1 mm in length. During 20 days, the germinated seeds were recorded every
2 days. The speed of germination was calculated using a modified Timpson index of germination velocity =
�G/t, where G is the percentage of seed germination at each count and t is the total germination period (Khan
and Ungar, 1984). All experiments were repeated 3 times. 

To define the optimum temperature for Z. album seeds under various salinity conditions, alternating
regimes of 20-12, 26-14, 32-20 and 39-25oC were used. Salinity levels were control (distilled water) or EC
= 10, 20, 30 and 40 dS m–1 prepared using NaCl solutions. These solutions were changed every 48 hours to
ensure EC stability. Split-split plot design with four replications was used. Temperature regimes were
considered as the whole plot factor, habitats were considered the sub-plot factor, and salinity levels were sub-
sub-plot factor. 

Effect of growth promoters (3 mM GA3, 0.5 mM kinetin, 0.005 mM FC and 3.3 g L-1 Proxy solution) was
tested under the temperature regime of 26-14 oC. The growth chamber was programmed to maintain alternating
16 h warm / 8 h cool temperatures of 26-14 oC. A photoperiod of 16 h light / 8 h dark (350 μmol m-2 s-1 of
photosynthetically active radiation), concurrent with warm/cool temperature periods, was provided by
fluorescent and incandescent lights.  Split-split plot design with four replications was used. Salinity levels were
considered as the whole plot factor, habitats were considered the sub-plot factor, and growth promoters were
the sub-sub-plot factor. 

Data Analysis:
Two-way indicator species analysis (TWINSPAN) and detrended correspondence analysis (DECORANA)

were applied to the matrix of cover estimates of all species in 75 stands (Hill, 1979a,b). The variations in
species importance values and soil variables in relation to different vegetation groups were assessed using
ANOVA. Association between the absolute density of Z. album and different soil factors was assessed using
simple linear regression analysis (SAS Institute, 2005). Since there was no significant difference among
repeated germination experiments or studied habitats (Table 5), data for germination percentage and speed were
combined for farther statistical analyses. Analysis of variance (ANOVA) was used to test the effects of salinity
levels, germination temperatures and growth promoter effects and their interactions on the speed and percentage
of germination (SAS Institute, 2005). Means separation were performed at P = 0.05 by Fisher’s LSD test when
significant differences were found. Linear regression analysis was used to determine the relationships of both
germination percentage and speed of germination with salinity levels under different treatments. The slopes of
the speed or percentage of germination versus salinity levels under different treatments were compared with
regression covariance analysis (SAS Institute, 2005).  

Results:
Ecophysiology of Zygophyllum Album:

The analysis by two-way indicator species analysis (TWINSPAN), of the cover estimates of the recorded
species in the 25 stands sampled in the coastal sand dunes habitat, led to the recognition of 11 groups at level
6 of the classification. Detrended correspondence analysis (DECORANA) applied to the same set of data
indicates a reasonable segregation among these groups along the ordination plane of axes 1 and 2. These
groups could be categorized at level 4 of the classification into 5 major groups, [i.e. vegetation types (VT)].
All of the community variables of the 5 vegetation types, represented by importance value (IV), differed
significantly among stands (Table 1). The most common species in the Z. album communities are Ononis
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vaginalis, Euphorbia paralias, Ammophila arenaria and Pancratium maritimum, each is recorded in 15 stands
or more out of the 25 sampled stands. None of these species can be considered as a leading dominant of the
whole studied habitat, but each showed local dominance in certain number of stands. Analysis of variance
indicated a significant difference among vegetation groups in the relative importance of species. Stands of
group I are dominated by Thymelaea hirsuta (IV = 71.50). Stands of group II are co-dominated by Tamarix
nilotica and E. paralias (IV = 80.01 and 77.82, respectively). Stands of group III are co-dominated by T.
hirsuta and T. nilotica (IV = 115 and 90.88, respectively). Stands of group IV are co-dominated by three
species; E. paralias, Z. album and Lygos raetam with IV values of 127.21, 120.25 and 119.94, respectively.
Stands of group V are co-dominated by T. hirsuta (IV = 141.14) and O. vaginalis (IV = 135.23). On average
over all vegetation groups, it was evident that T. hirsuta (IV = 69.16), Z. album (IV = 49.96), E. paralias (IV
= 48.07) and O. vaginalis (IV = 39.35) are the most dominant species (Table 1).

Analysis of variance indicated a significant difference among stands represent different VT in pH and  EC
values in addition to Ca, Na, N, P, K and Cl contents, while there was no significant difference in CaCO3,
OM, sand, silt, clay and Mg contents (Table 1). The soil of stands represent VT (I) had the lowest EC value
(0.4 dS m-1), P and Cl contents. The highest pH value (8.5) and EC value (2.2 dS m-1) and the lowest K
content (10 mg kg-1) were correlated with VT (II). Stands of VT (III) were characterized by the lowest N
content (0.1 mg kg-1). The highest contents of Na (80 mg kg-1), N (0.7 mg kg-1) and Cl (344 mg kg-1) and the
lowest pH and Ca content (88.5 mg kg-1) were recorded in the stands of VT (IV). The soil of stands represent
VT (V) had the highest contents of Ca (110 mg kg-1), P (0.09 mg kg-1) and K (16.2 mg kg-1) and the lowest
Na content (60 mg kg-1).

Four VT were recognized in saline depressions habitat. All of the community variables of the 4 VT
(species IV) differed significantly among stands (Table 2). The most common species in the Z. album
communities are Arthrocnemum glaucum, Anabasis articulata, Juncus rigidus and Suaeda vermiculata, each
is recorded in 15 stands or more out of the 25 sampled stands. Each of these species showed local dominance
in certain number of stands. Analysis of variance indicated a significant difference among vegetation groups
in the relative importance of each species. Stands of group I were dominated by T. hirsuta (IV = 119.08) while
those of group II were dominated by Z. album (IV = 112.88). Stands of group III were co-dominated by A.
articulata, Lygeum spartum, Atriplex halimus and J. rididus (IV = 116.86, 99.24, 80.06 and 70.12,
respectively). Stands of group IV were dominated by Limoniastrum monopetalum. On average, T. hirsuta (IV
= 40.27), L. monopetalum (IV = 37.29), Z. album (IV = 35.03) and A. articulata (IV = 35.05) are the most
dominant species in saline depressions (Table 2).

Analysis of variance indicated a significant difference among stands represent different VT in pH and  EC
values and in Ca, Na, N, P, Mg, K and Cl contents, while there was no significant difference in CaCO3, OM,
sand, silt or clay contents (Table 2). Soil of stands represent VT (I) had the lowest pH (7.2), EC value (7 dS
m-1), Na (9200 mg kg-1), P (0.1 mg kg-1), Mg (1680 mg kg-1), K (880 mg kg-1) and Cl (6500 mg kg-1) contents.
The highest pH value (7.8) and Ca (3388 mg kg-1), N (17.7 mg kg-1), Mg (2552 mg kg-1) and Cl (7712 mg
kg-1) contents were associated with VT (IV). Soil associated with VT (II) was characterized by the highest EC
value (12.2 dS m-1) and K content (1200 mg kg-1), while that associated with VT (III) was characterized by
the highest Na (12265 mg kg-1) and P (0.7 mg kg-1) contents.

In the inland desert plain habitat, six VT were recognized. The community variables of these VT
summarized as species IV, differed significantly among stands (Table 3). In this habitat, T. hirsuta, Herniaria
hirsuta, Gymnocarpus decandrum and A. halimus were the most common species in Z. album community, each
is recorded in 15 stands or more out of the 25 sampled stands (Table 3). Analysis of variance indicated a
significant difference among vegetation groups in the relative importance of species. Stands of group I were
dominated by T. hirsuta (IV = 17.80) while those of group II and group VI were dominated by Z. album (IV
= 112.88 and 33.16, respectively). T. hirsuta (IV = 71) also, co-dominated group V along with Panicum
coloratum (IV = 41.50). Stands of group IV were co-dominated by Echium sericeum (IV = 71.42) and Erodium
hirtum (IV = 90.28). Stands of group III were dominated by Helianthemum lippii (IV = 40.91). On average,
it was evident that Z. album (IV = 33.62), T. hirsuta (IV = 26.38) and E. hirtum (IV = 20.17) were the most
dominant species (Table 3).

Analysis of variance indicated a significant difference among stands represent different VT in EC value
in addition to Ca, Na, N, P, K and Cl contents, while there was no significant difference in pH, CaCO3, OM,
sand, silt, clay and Mg contents (Table 3). The soils associated with VT (I) had the lowest N (25 mg kg-1)
and P (5 mg kg-1) contents, while that associated with VT (II) had the lowest K (30.5 mg kg-1) and Cl (330.5
mg kg-1) contents. VT (III) was associated with the highest soil N (40.1 mg kg-1) content and the lowest soil
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Table 1: Means of importance values (IV) of Zygophyllum album and common associated perennials (occurred in at least 9 stands out
of the 25 sampled stands) and soil characters in different vegetation groups found in costal sand dunes after the application
of TWINSPAN

Species Frequency (%)        Vegetation groups Mean F
------------------------------------------------------------------------
I II III IV V

Zygophyllum album 100 16.44 12.88 44.56 120.25 55.66 49.96 12.1***
Aeluropus lagopoides 52 15.88 19.28 21.81 1.55 5.98 12.9 2.2**
Ammophila arenaria 72 16.86 - 6.86 - 1.86 5.12 3.9**
Echium sericeum 44 12.17 2.66 2.16 2.17 22.17 8.27 2.9**
Erodium hirtum 44 18.55 3.78 8.66 10.56 1.46 8.6 1.6*
Euphorbia paralias 76 27.22 77.82 7.92 127.21 0.2 48.07 21.1*** 
Lycium shawii 40 - 67.9 7.49 11.44 10.45 19.46 1.5***
Lygos raetam 44 19.24 29.34 9.27 119.94 9.2 37.4 11.2***
Ononis vaginalis 80 35.43 5.41 5.22 15.48 135.23 39.35 10.6***
Pancratium maritimum 60 22.81 2.11 2.09 21.28 22.29 14.12 3.1**
Silene succulent 40 14.91 4.75 4.8 4.95 - 5.88 9.0**
Tamarix nilotica 36 31.2 80.01 90.88 3.26 0.21 41.11 1.8***
Thymelaea hirsuta 40 71.5 11.05 115 7.11 141.12 69.16 3.3***

Soil Characters
pH 8.2 8.5 8.7 7.8 8.4 8.32 2.1*
EC (dS m-1) 0.4 2.2 1.6 0.9 1.4 1.3 2.9*
CaCO3 (%) 80 82 85 84 85.6 83.3 1.9NS
OM (%) 1.2 0.9 1 1.4 1.3 1.2 0.9 NS
Sand (%) 96.5 97 98 96.9 97.7 97.2 5.6 NS
Silt (%) 2.5 2.2 1.1 2.3 1.3 1.9 1.1 NS 
Clay (%) 1 0.8 0.9 0.8 1 0.9 0.6 NS
Ca  (mg/kg) 100 95.5 90 88.5 110 96.8 2.5**
Na  (mg/kg) 70.5 77 65.5 80 60 70.6 1.2**
N    (mg/kg) 0.2 0.5 0.1 0.7 0.4 0.4 0.6*
P     (mg/kg) 0.01 0.05 0.07 0.03 0.09 0.05 0.1**
Mg  (mg/kg) 50 45 42.9 52 47 47.4 19.0 NS
K    (mg/kg) 12 10 14.7 11.5 16.2 13.9 2.5***
Cl-   (mg/kg) 250 300 320 344 270.5 296.9 4.5***
* Significant at P � 0.05.
**Significant at P � 0.01.
***Significant at P � 0.0001.
NS Not significant at P < 0.05.

Table 2: Means of importance values (IV) of Zygophyllum album and common associated perennials (occurred in at least 9 stands out
of the 25 sampled stands) in different vegetation groups found in saline depressions after the application of TWINSPAN

Species Frequency (%)   Vegetation groups Mean F
-------------------------------------------------------------------
I II III IV

Zygophyllum album 100 11.44 112.88 4.56 11.25 35.03 11.1***
Aeluropus lagopoides 40 13.8 15.88 5.68 - 8.84 1.4**
Anabasis articulata 60 16.71 - 116.86 1.12 33.67 2.7**
Arthrocnemum glaucum 80 28.53 30.88 - 14.17 18.4 1.6**
Atriplex halimus 44 16.36 - 80.06 1.58 24.5 2.5*
Juncus rigidus 60 - 17.26 70.12 27.2 28.65 25.2*** 
Limoniastrum monopetalum 40 20.28 - 17.48 111.4 37.29 2.4***
Lygeum spartum 36 8.49 9.24 99.24 - 29.24 13.8***
Salicornia fruticosa 36 12.55 5.43 - 11.43 7.35 9.9***
Salsola vermiculata 44 7.77 2.01 12.01 - 5.45 2.2**
Suaeda vermiculata 60 18.33 - 4.9 4.9 7.03 8.5**
Tamarix nilotica 36 - 8.21 23.21 3.21 8.66 2.1***
Thymelaea hirsuta 36 119.08 9.11 15.9 17 40.27 2.6***

Soil Characters
pH 7.2 7.5 7.7 7.8 7.6 1.1*
EC (dS m-1) 7 12.2 11.6 8.9 9.9 3.2*
CaCO3 (%) 60.5 62.4 65.1 64.2 63.1 12.6NS
OM (%) 2.2 1.9 2.1 2.4 2.2 1.8 NS
Sand (%) 90.5 89 88 90.9 89.6 6.5 NS
Silt (%) 3.5 3.3 3.7 3.9 3.6 2.0 NS 
Clay (%) 6 7.7 8.3 5.2 6.8 1.6 NS
Ca  (mg/kg) 3000 3196 2990 3388 3143.5 112.5**
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Table 3: Continue
Na  (mg/kg) 9200 9550 12265 11880 10724 311.2**
N    (mg/kg) 12.2 15.5 10.1 17.7 13.9 1.7*
P     (mg/kg) 0.1 0.5 0.7 0.3 0.4 0.3**
Mg  (mg/kg) 1680 2145 1942 2552 2079.8 1195**
K    (mg/kg) 880 1200 990 1151 1055 99.5***
Cl-   (mg/kg) 6500 7600 6680 7712 7123 144.9**
* Significant at P � 0.05.
**Significant at P � 0.01.    
***Significant at P � 0.0001.
    NS Not significant at P < 0.05.

Table 3: Means of importance values (IV) of Zygophyllum album and common associated perennials (occurred in at least 9 stands out
of the 25 sampled stands) in different vegetation groups found in inland desert plain after the application of TWINSPAN

Species Frequency Vegetation groups Mean F
(%) -------------------------------------------------------------------------------------

I II III IV V VI
Zygophyllum album 100 8.45 112.88 4.4 40.2 2.6 33.16 33.62 9.2***
Atriplex halimus 60 5.44 12.88 0.8 3.84 - 12.55 5.92 1.8***
Asparagus stipularis 44 6.86 - 17.06 - 2.89 0.09 4.48 2.7***
Carduncellus eriocephalus 50 8.17 2.61 12.12 5.12 0.17 2 5.03 2.8**
Centaurea alexandrina 44 8.56 0.78 - 1.55 11.66 - 3.76 0.8***
Convolvulus arvensis 50 7.22 5.21 - 47.29 6.21 6.05 12 2.1*** 
Echium sericeum 50 5.13 7.44 0.4 71.42 - 0.4 14.13 1.4***
Erodium hirtum 50 9.24 2.29 - 90.28 19.21 - 20.17 7.9***
Echinops spinosissimus 50 5.43 2.48 5.43 - 35.93 15.48 10.79 8.6***
Gymnocarpus decandrum 60 12.01 2.01 - 1.01 3.81 4.66 3.92 1.1**
Helianthemum lippii 50 11.1 14.95 40.91 0.96 - - 11.32 5.4**
Herniaria hirsuta 70 3.21 - 0.21 4.21 0.29 1.28 1.53 1.2***
Panicum coloratum 50 7.1 32 11.08 17.9 41.5 - 18.26 2.2***
Plantago albicans 60 7.11 2.11 - 2.21 33.44 12.96 9.64 2.1**
Salsola vermiculata 50 4.97 1.95 0.9 - 34.9 - 14.42 3.6**
Scorzonera alexandrina 40 1.21 0.75 1.22 - 3.41 1.25 1.31 1.1***
Thymelaea hirsute 80 17.8 44.88 17.61 7.01 71 - 26.38 3.4***

Soil Characters
pH 7.2 7.1 6.9 6.8 7.3 6.7 7 2.1 NS
EC (dS m-1) 1.5 1.4 1.6 0.9 1.2 1.9 1.42 1.9*
CaCO3 (%) 40 42 45 44 45 44 43.3 1.9NS
OM (%) 2.8 2.9 3.1 2.4 3 2.6 2.8 0.9 NS
Sand (%) 79.67 81.5 80 82 81 83 81.2 8.9 NS
Silt (%) 12.93 12.5 13 11.5 10.5 11 11.9 2.2 NS 
Clay (%) 7.4 6 7 6.5 8.5 6 6.9 1.8 NS
Ca  (mg/kg) 240 280 290 308.5 200 320 273.1 6.5**
Na  (mg/kg) 700.5 770 650.5 800 685.5 820 737.8 11.2**
N    (mg/kg) 25 35.5 40.1 36.7 38.1 29.7 34.2 3.5*
P     (mg/kg) 5 9 7.5 8.3 10.6 12.5 8.8 0.9**
Mg  (mg/kg) 250 245 242.9 252 292.9 302 264.1 21.9 NS
K    (mg/kg) 36 30.5 42.9 34.5 52.5 36.5 38.8 1.5***
Cl-   (mg/kg) 350.8 330.5 380.5 444 420 344 378.3 6.8***
* Significant at P � 0.05.
   **Significant at P � 0.01.
   ***Significant at P � 0.0001.
    NS Not significant at P < 0.05.

Na (650.5 mg kg-1) content.  The highest Cl (444 mg kg-1) content was related to VT (IV).  VT (V) was
associated with the lowest Ca (200 mg kg-1) and highest K (52.5 mg kg-1) contents. Soils of the stands of VT
(VI) which was dominated by Z. album had the highest contents of Na (820 mg kg-1), Ca (320 mg kg-1) and
P (12.5 mg kg-1) and the highest EC value (1.9 dS m-1).

Salinity, pH and total cover contribute significantly to the regression model of the first axis of
DECORANA, where they explain 84% of the total variation along this axis. On the other hand, soil mineral
content explained about 71% of the total variation along the second axis. As shown in Table 4, the absolute
density of Z. album in sampled stands in the studied habitats indicated that this species was more abundant
in inland desert plains (1.07 individual m-2), followed by saline depressions (0.93 individual m-2), and coastal
sand dunes (0.55 individual m-2). Simple linear regression analysis between Z. album absolute density and
different soil factors indicated a significant positive linear relationship between abundance and OM (R2 = 0.75),
CaCO3 (R2 = 0.63), N content (R2 = 0.65) and P content (R2 = 0.55) and a significant negative linear
relationship with pH (R2 = 0.50), EC (R2 = 0.62), Ca (R2 = 0.70) and Mg (R2 = 0.59).
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Table 4: Absolute densities (Individual m-2) of Zygophyllum album in the 25 sampled stands in different habitats.
Stands Habitats

----------------------------------------------------------------------------------------------------------------------------------------
Costal sand dunes Saline depressions Inland desert plains

1 0.06 0.1 1.2
2 0.72 1.02 2.1
3 0.55 0.95 0.9
4 0.53 0.93 0.8
5 0.14 0.54 1.1
6 0.44 0.94 0.77
7 0.13 0.53 2.09
8 0.08 0.48 1.87
9 0.79 1.09 1.55
10 0.8 1.2 0.88
11 0.01 0.41 0.99
12 0.15 0.45 1.05
13 1.01 1.41 1.09
14 2.03 2.43 2.1
15 1.04 1.44 0.8
16 0.04 0.44 0.15
17 0.6 1 0.3
18 0.25 0.65 0.8
19 0.11 0.51 0.68
20 0.22 0.62 0.89
21 0.33 0.73 0.79
22 0.45 0.85 0.88
23 1.5 1.9 0.99
24 0.87 1.27 0.95
25 0.88 1.28 1.1
Mean 0.55 0.93 1.07
F 1.08*** 2.11** 1.15**
**Significant at P � 0.01.
***Significant at P � 0.0001.

Seed Germination of Zygophyllum Album:
The germination capacity of Z. album is maximal under the optimal conditions (91.7 %) and reduced

dramatically with the increase in salinity or with change in temperature regime. Analysis of variance indicated
significant differences among habitats, temperature regimes and growth promoters. Also, the interactions of
temperature regimes × growth promoters, habitats × temperature regimes, habitats × growth promoters, and
habitats × temperature regimes × growth promoters were significant (Table 5). Germination percentage was
reduced from 91.7 % at EC of 0 dS m-1 to 7.7% at 40 dS m-1. Germination speed was reduced from 12.3 %
d-1 at 0 dS m-1 to 3 % at 40 dS m-1 (Fig. 1). Germination percentage and speed were maximum at the
temperature regime of 26-14oC under all salinity levels as compared to controls. There was no significant
difference between the temperature regimes of 20-12 and 32-20oC. The lowest germination percentage and
speed were obtained at the highest temperature regime of 39-25oC (Fig. 1). 

Analysis of variance indicated no significant difference among treatments in seed germination percentage
of Z. album in control conditions (0 dS m-1), while there were significant differences among treatments at all
other salinity levels (Fig. 2). Also, there were significant differences among treatments in germination speed
at all salinity levels including the control conditions. Proxy at the concentration of 3.3 g L-1 had the highest
effect in enhancing speed and percentage of germination of Z. album followed by 3 mM GA3 and 0.005 mM
FC. Kinetin at 0.5 mM had no significant effect on germination percentage or speed at all salinity levels. 

At salinity level of 0 dS m-1 (control), GA3 at 3 mM increased germination percentage by 2.8% compared
to control. It increased germination percentage by 10.5, 41.9, 69.6 and 70% compared to respective controls
at salinity levels of 10, 20, 30, and 40 dS m-1. Also, it increased germination speed by 35.3, 35.6, 32.5, 38.1,
and 50% compared to respective controls at 0, 10, 20, 30, and 40 dS m-1, respectively. FC at 0.005 mM
significantly improves both germination percentage and speed, but its effect was not significantly different from
GA3 effect. Proxy at 3.3 g L-1 had the highest effect in enhancing Z. album seed germination percentage and
speed. It increased germination percentage by 50.8, 51, 52, 53.9, and 66.7% and increased germination speed
by 5.6, 22.8, 56, 80.9, and 85.5 % compared to respective controls at 0, 10, 20, 30 and 40 dS m-1, respectively
(Fig. 2). 
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Table 5: Analysis of Variance with mean squares and treatment significance of saltgrass seed germination rate and percentage as affected
by different concentrations of ethephon, fusicoccin, kinetin, thiourea and proxy and their interaction.

Source Salinity levels [EC (dS m-1)]
----------------------------------------------------------------------------------------------------------------------------------------------
0 10 20 30 40
-------------------- ---------------------- ------------------------- -------------------------- -----------------------------
speed % speed % speed % speed % speed %

Experiment (Exp) 20.5 NS 420.5 NS 15.4 NS 380.9 NS 10.2 NS 288.9 NS 7.6 NS 189.9 NS 5.5 NS 119.9 NS

Habitat  (H) 3.97 NS 333.9 NS 2.82 NS 293.7 NS 1.88 NS 99.7 NS 0.98 NS 79.7 NS 0.79 NS 68.2 NS

EXH 15.6 NS 615.8 NS 10.6 NS 515.6 NS 9.8 NS 315.6 NS 6.8 NS 285.6 NS 5.2 NS 196.6 NS

Temperature (T) 112.3*** 388.5*** 92.2*** 289.3*** 72.5*** 229.3*** 52.5*** 189.3*** 32.4*** 118.2***

HXT 99.14* 675.14* 89.4* 599.14* 69.64* 395.14* 49.64* 285.14* 29.34* 182.5*

Treatment (Trt) 191.1*** 498.6*** 171.6** 391.6*** 121.5*** 322.6*** 80.5*** 282.6*** 60.7*** 177.5***

H X trt 95.25* 672.25* 75.5* 595.5* 65.85* 396.5* 35.85* 286.5* 25.75* 187.8*

HXTXtrt 215.9* 621.6* 198.7* 515.8* 155.9* 385.8* 95.9* 289.8* 77.6* 188.7*

*** Significant at P < 0.0001.
** Significant at P < 0.01.
* Significant at P < 0.05.
NS Not significant .

Fig. 1: Effect of different temperatures on seed germination percentage (top) and speed (bottom) of
Zygophyllum album under different NaCl-salinity levels (0-40 dS m–1). Columns labeled with different
letters are significantly different at P = 0.05 within each salinity level (n = 3600). Vertical bars at the
top represent standard errors.
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Fig. 2: Effect of distilled water (control), 3 mM gibberelic acid (GA3), 0.5 mM kinetin, 0.005 mM fusicoccin
(FC) and 3.3 g L-1 Proxy soultion on seed germination percentage (top) and speed (bottom) of
Zygophyllum album under different salinity levels. Columns labeled with different letters are
significantly different at P = 0.05 within each salinity level. Vertical bars at the top represent standard
errors.

Linear regression analysis indicated significant negative relationships between salinity levels and both
germination percentage and speed at all treatments with a clear shift towards zero germination percentage with
increasing salinity under control and kinetin treatments. The slopes were significantly different (P < 0.0001)
among treatments. Coefficient of determination for germination percentage (R2) ranged from 0.96 to 0.99 for
control and FC, respectively (Fig. 3).

Discussion:
Each of the identified VT using TWINSPAN is of definite floristic and habitat characteristics. Their

ordination using DECORANA, represent a complex gradient of soil moisture, acidity, salinity and human
impact. This relationship has been reported in many studies including Shaltout and El-Ghareeb (1992) and
Shaltout and El-Sheikh (2002). Statistical analysis of the phytosociological records (summarized as IV) indicates
significant variations among species in different VT over the different habitats (Tables 1, 2 and 3). The
selected species differed in their means of IV that ranged from 1.3 for Scorzonera alexandrina in inland desert
habitat to 69.2 for T. hirsuta in costal sand dunes. The distribution of the recorded species was mainly a
function of their adaptation to the recorded variations in the soil characteristics of the different habitats. 
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Fig. 3: Relationship between salinity levels and germination percentage (top) and germination speed (bottom)
of Zygophyllum album seeds under distilled water (control), 3 m M gibberelic acid (GA3), 0.5 mM
kinetin, 0.005 mM fusicoccin (FC) and 3.3 g L-1 Proxy solution.

However, the high IV of some species at the costal sand dunes indicates their tolerance and adaptation to the
high content of CaCO3, poor OM content, alkalinity and very low total soluble salts in the soil of this habitat.
Other species showed less tolerance as indicated by their low relative density, frequency, cover, and IV value
in the costal sand dunes (Abd El-Rahman and El-Monayeri, 1967; Migahid et al., 1996). The great IV of T.
hirsuta was mainly a function of the increase in plant cover. This may give plant growth that is controlled by
the plant water status and photosynthetic apparatus efficiency, an important role in the species IV in different
habitats. However, salinity and drought had a great effect on species density, frequency, cover and IV in saline
depressions and inland desert plains. Z. album is a saline adapted species and acquired its maximum
importance in costal sand dunes followed by saline depressions and inland desert plains. In agreement with
Ayyad and El-Ghareeb (1982) and El-Ghareeb (1990), the vegetation of Z. album communities in the study
area represents a transition between the western and the eastern communities in North Africa. 

Studied characteristics of the soil (Tables 1, 2 and 3) showed remarkable variation among different studied
habitats of this Mediterranean coastal part of Egypt. Over all habitats, the soils pH varied from neutral to
slightly alkaline. The OM content in the soil of the inland desert plain was slightly higher compared to both
costal sand dunes and saline depressions. The variations between the different habitats were remarkably great
in the total soluble salts of the soil as indicated by the EC of the soil solution. The maximum EC was found
in the soil of saline depressions. The CaCO3 content was generally high in the soils of the costal sand dunes
habitat. However, CaCO3 variations were slight among the different habitats, although there was a remarkable
decrease in CaCO3 content by moving from the sea towards inland. 

This study provided evidence that Z. album distribution is not restricted to one single soil factor but to
a combination of several factors. Simple linear regression analysis between Z. album absolute density and
different soil factors indicated a significant positive relationship between Z. album abundance and OM, CaCO3,
N and P contents, whereas a significant negative relationship with soil pH and EC in addition to Ca and Mg
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contents was identified. Generally, salinity or osmotic pressure as such is not the limiting factor in controlling
plant growth and distribution (Heimann and Ratner, 1966), but concentration of different ions is more important
(Ayyad and El-Ghareeb, 1982; Chapman, 1966; El-Ghareeb, 1990).

The regression analysis indicated the role of soil factors on the vegetation in the study area. Comparing
the soil of VT at different habitats indicated that soil pH and EC in addition to CaCO3, N, P, Ca and Mg
contents were limiting factors in deciding VT. The percentage of variation in the absolute density of Z. album
as attributed to the change of environmental factors ranged from 50% due to soil pH to 75% due to OM
content. CaCO3 was responsible for 63%, N for 65%, P for 55%, soil EC for 62%, Ca for 70 % and Mg was
accounted for 59% of this change. Many studies in the different habitats of the western Mediterranean desert
of Egypt correlated the quantitative variations in species population distribution to environmental gradients
(Ayyad and Hilmy, 1974; El-Ghareeb, 1990; Shaltout, 1983).    
High salinity along with drought represents important constraints causing a considerable scarcity of vegetation.
Seeds are important component of the life cycle of desert forbs because seeds are the dormant dispersal units
that can help species to avoid and survive different types of stresses. Results indicated no difference among
seeds collected from all studied habitats.  The increase in salinity significantly reduced both germination
percentage and speed. Same results were reported on Z. qatarense Hadidi (Ismail, 1990) and Z. simplex L
(Khan and Ungar, 1997). Effects of NaCl on seed germination could be ionic and/or osmotic (Khan and Ungar,
1998a,b; Ungar 1991). High salinity prevents seed germination either by reducing water availability or
interfering with some aspect of metabolism, or altering the balance of the endogenous growth regulators in the
seeds (Khan and Ungar, 2001c). 

Applications of growth promoters alleviated salinity effect on seed germination patterns of Z. album at
different degrees. GA3 significantly alleviated the effect of salinity on the seed germination of Z. album under
all tested NaCl solutions. The GA3 was reported to have a differential effect on halophytes seed germination.
It completely alleviated salinity effect on Atriplex stocksii and Z. simplex (Khan and Rizvi, 1994; Khan and
Ungar, 1997). On the other hand, it had no effect in alleviating salinity effect on the seed germination of
Triglochin maritima, Sporobolus ioclados, Urochondra setulosa, Suaeda fruticosa, Salsola imbricata, Haloxylon
stocksii and Ceratoides lanata (Gulzar and Khan, 2002; Khan and Ungar, 2000; Khan et al., 2004). GA3 is
known to break dormancy of several types of seeds. Shepley et al. (1972) concluded that GA3 stimulates seed
germination via amylase synthesis and production in seeds during germination. 

The FC had a similar effect to that of GA3 on Z. album seed germination under high salinity. Alleviation
of salinity effect on seed germination by FC was reported in many other halophytes such as Z. qatarense
(Ismail, 1990), Salicornia utahensis (Gul and Khan, 2003) and Atriplex prostrata (Khan et al., 2003). On the
other hand, El-Keblawy et al. (2005) reported the failure of FC to stimulate germination in the invasive
Prosopis juliflora (Sw.) DC. shrub. The FC may stimulate ATPase during the early phases of germination to
facilitate proton extrusion and K+ uptake (Marre, 1979). Salinity stress enhances abscisic acid production, which
has inhibitory effect on seed germination. FC has the ability to remove the inhibitory effect of ABA on seed
germination and by accelerating the development and replacing the requirements for light and endogenous
hormones in breaking dormancy (Lado et al., 1975). FC strongly affects a number of physiological processes
such as cell enlargement, K+ uptake and stomatal opening (Marre, 1979). Cocucci et al. (1990) studied the
response of radish seeds to osmotic medium and FC during the early germination stages and indicated that FC
counteracted the inhibitory effect of salinity in the medium by enhancing H+ extrusion and synthesis of malic
acid. Lutsenko et al. (2005) suggested that FC affects the ionic balance especially the K+/Na+ ratio. This ionic
homeostasis in seed and embryo provides a normal function of H+-ATPase and other transported systems.
Moreover, it plays a decisive role in stimulating radicle protrusion under high salinity levels.
  Kinetin had no significant effect in enhancing Z. album seed germination under nonsaline or saline
conditions. Kinetin has been demonstrated to ameliorate the salinity-induced germination inhibition in Distichlis
spicata Var. stricta (L.) Greene (Shahba et al., 2008), Salicornia utahensis Tidestrom (Gul and Khan, 2003),
Brassica campestris L. (Ozturk et al., 1993), Z. simplex L. (Khan and Ungar, 1997), Halopyrum mucronatum
(Khan and Ungar, 2001a), and Salicornia rubra (Khan et al., 2002). Kinetin partially ameliorated salinity
inhibitory effect on the seed germination of mesquite (El-Keblawy et al., 2005), seaside arrow grass (Khan and
Ungar, 2001c), and Aeluropus lagopoides (L.) Trin. ex Thw. (Gulzar and Khan, 2002). However, it had no
effect on the salinity-induced dormancy in Sporobolus ioclados Nees ex Trin and Urochondra setulosa Trin
(Gulzar and Khan, 2002), Salicornia pacifica Standl. (Khan and Weber, 1986), Z. qatarense (Ismail, 1990),
Sporobolus arabicus Boiss (Khan and Ungar, 2001b), Cressa cretica L., Suaeda fruticosa auct. non Forsk.,



Aust. J. Basic & Appl. Sci., 4(8): 3643-3657, 2010

3654

Salsola imbricate Forssk., and Haloxylon stocksii Boiss. (Gulzar and Khan, 2002). Khan and Ungar (2001a)
suggested that addition of kinetin likely overcomes the deficiency in growth-promoting substances that are
inhibited in salt-stressed seeds. The increase in seed germination under high salinity after exogenous application
of kinetin was attributed to the ability to enhance water uptake during germination (Sastry and Shekhawat,
2001). Miller (1961) suggested that kinetin effect on the breaking of dormancy and promotion of seed
germination may result from its combination of influences on cell division and enlargement. Also, kinetin
enhances the biosynthesis of ethylene that enhances germination when seeds are exposed to salt stress.

Proxy had the highest effect in enhancing Z. album seed germination and speed. The effectiveness of
Proxy in alleviating salinity effect during seed germination was previously reported (Shahba et al., 2008). Other
studies documented the role of ethephon, the active ingredient of Proxy, in reducing dormancy in the seeds
of several species and reversing the inhibitory effect of abscisic acid (ABA) and osmotic stress (Gul and Khan,
2003; Gulzar and Khan, 2002; Schonbeck and Egley, 1981; Shahba et al., 2008). Ethephon significantly
alleviated the effects of salinity, ranging from 30 to 54 dS m–1, in Allenrolfea occidentalis S. Wats. Kuntze
(Gul and Weber, 1998), Salicornia utahensis Tidestrom (Gul and Khan, 2003), Sporobolus ioclados Nees ex
Trin (Gulzar and Khan, 2002) and Distichlis spicata var. stricta L (Shahba et al., 2008). However, the
effectiveness of ethephon in ameliorating salinity-induced dormancy is quite variable among plant species. It
partially alleviated salinity-induced dormancy in Arthrocnemum indicum (Wild.) Moq. (Khan et al., 1998) and
Salicornia rubra A. Nels (Khan, 2003). In contrast, ethephon had no effect on the seed germination of seaside
arrow grass, Triglochin maritima L., under saline conditions (Khan and Ungar, 2001b). 

Significant negative linear relationships were identified with a clear shift towards zero germination
percentage or zero germination speed with increasing NaCl solutions under all treatments (Fig. 3). The slopes
were significantly different among treatments, indicating that different treatments affected both germination
percentage and speed differently at different salinity levels (Fig. 3). A higher slope was found at the Proxy
treatment since it was more effective at all salinity levels. That significant association is a sign of a gradual
harmonical effect of salinity on both Z. album seed germination percentage and speed. Also, it is a clue for
the alleviatory effect of proxy on the salinity-induced dormancy in Z. album.   

This investigation showed that the distribution of Z. album is influenced by soil factors in different habitats
of the western Mediterranean coast of Egypt. Environmental differences among habitats had less significant
effect compared with the microenvironmental factors within each habitat. Soil pH and EC in addition to
CaCO3, N, P, Ca and Mg contents were limiting factors in deciding VT and the percentage of variation in the
absolute density of Z. album. It also showed that 3 mM of GA3, 0.005 mM FC and 3.3 g L-1 Proxy solution
increased seed germination percentage and speed under saline conditions in Z. Album in different ways. Proxy
solution was the most effective growth regulator followed by FC and GA3, while kinetin had no positive effect
at all salinity levels. This investigation recommends the treatment of Z. album seeds with Proxy solution prior
to scattering to increase the germination percentage and speed for vegetation restoration of saline areas. Seed
dormancy in Z. album, which is enforced by high salt concentrations, could be controlled by the change in
the balance of the endogenous growth regulators.
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