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ABSTRACT

In two new urban cities established in the Egyptian eastern desert, the floristic/soil relationship of
representative habitats were evaluated. Overall, sixty-six plots were surveyed and thirteen soil
parameters were analyzed in four principle habitats (house gardens, lawn lands, waste grounds and
bordering desert) from inner cities toward outskirts. Generally, 138 cultivated plants, 63 weed
species, 44 xerophytic plants and 4 wild shrubs and trees represented the main flora with total
number of 249 plant species. The greatest diverse habitat was the lawn lands (173 species), house
gardens (143 species), then bordering desert (62 species) and the waste grounds (39 species).
Sixteen plant communities were recognized in the four habitats under investigation, and their
controlling environmental variables were analyzed. The Canonical Correspondence Analysis
(CCA) vyielded analogous pattern to that of the Detrended Correspondence Analysis (DCA),
confirming that clay, pH, organic matter, bicarbonates and calcium are highly associated with
weed/cultivated plant communities in the human-disturbed habitats; whereas, pH, organic matter,
potassium and chlorides are highly associated with the halo/helophytes communities in the waste
grounds, and clay-sand gradient with the xerophytes communities in the bordering desert.

Keywords: Desert cities; Environmental heterogeneity; Species diversity; Urban biodiversity;

Urban ecology.

INTRODUCTION

Human infrastructure such as electricity, water,
drainage, residential and commercial building, roads,
and opened area needed for waste disposal dominated
urban landscapes. Occasionally, half of the urban land
area is covered by gardens, parks, playgrounds and
lawns (Baines, 1995). Owing to urbanization and rapid
development in cities, biodiversity conservation has
become challenging task (Tsai, 1999). Climate, soil,
human impacts, and other variables distinguish urban
areas from non-urban ones; the interactions of these
factors make over distinctive urban ecosystem. In
addition, Sukopp (1990) showed that there is a clear
connection between the environment and vegetation in
metropolitan areas, whether or not they are
industrialized. Consequently, the cities have to be
regarded as distinct ecosystem with habitats and
floristic compositions unique to urban settings.

Egypt’s population continues to increase annually by
about 1.5 million people. The old urban areas, already
occupied, so the new cities were constructed in the
bordering desert to redistribution of population. Habitat
loss and fragmentation- most notably caused by urban
and agricultural development- contribute to a reduction
of biodiversity beside other factors such as pollution,
the spread of alien/invasive species and climate
conditions (Rogan and Lacher, 2018). Various studies
of urban vegetation highlighted fragmentation (e.g.
Stenhouse, 2004; Guirado et al., 2006). Seiler (2001)
clarified that habitat destruction, disturbances, and
pollution resulted from urbanization are the main
threats for native plant species. The ecosystem of
urbanizing locations comprise a variety of species and
habitats from the decorative and spontaneous flora,
therefore the concept urban vegetation point to wild
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and cultivated plant species inhabit in cities (Knapp et
al., 2012). On the other side, Smith et al. (2006)
showed that urban green areas contribute to
conservation of urban diversity as it provide sustenance
for various other species. Consequently, synanthropic
flora is defined as that which is significantly impacted
by human activities; particularly in cities and towns;
and it is important topics in urban ecology (Sukopp,
2004).

Despite the increasing recognition of the value of
landscape in the new urbanizing areas, most of the
research focusing on green spaces in the urban
environment has been conducted in North America,
Europe and East Asia (e.g. Ken, 2009; Stewart et al.,
2009; Nagendra and Gopal, 2010). The situation in
Egypt is not different from other developing countries.
There is a dearth of literature on urban habitat (Abd EI-
Ghani et al, 2015a); especially in new settlements.
Danin et al. (1982) researched the synanthropic plant
communities in the first generation cities (oldest
established from1977 to 1982) built on sandy regosol
soils in Northeastern Sinai. Abd EI-Ghani et al. (2011a;
2015b) investigated habitat-vegetation heterogeneity of
industrial cities within the urbanizing desert ecosystem.
Therefore, the goal of this investigation was to
highlight the diversity and distribution of urban
vegetation in the recently established cities (second and
third-generation cities), characterize the habitats of
urbanized desert ecosystems, and to assess the soil-
vegetation relationship, and explore the underlying
interactions between urbanization (human-
disturbance), floristic composition and site conditions.

MATERIALS AND METHODS

Study Area
The present study will focus on two new urban areas
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(cities) which have been established in and around the
metropolitan of Cairo city, in the northern region of the
Egyptian’s Eastern Desert (Figure 1) to alleviate the
congestion in downtown Cairo. The first settlement
established in 1982 (Al-Obour) is one of the second
generation of new cities, lies west of the Cairo-Belbeis
desert road and south of Cairo-Ismailia road in
Qalyubia Governorate, about 35 km north-east of Cairo
at 30°12'18” N and 31°2727" E. The residential block
occupied 18.81 km2, out of a total area (52.43 km2),
with an industrial area of 15.73 km2. The second
settlement is the New Cairo which considered a city of
the third-generation that established in the year 2000,
located between the Katameya-Ain Sokhna desert road
and the Cairo-Suez desert road at 30°3’ N and 31°47’
E. It is one of the largest new cities in Egypt, with an
estimated area of about 321.82 km2. The city’s
residential and industrial activities represent 173.91
and 4.86 km2, respectively.

The study areas located within the hyper arid desert
climate of high evaporation rate, high temperature and
very low and unpredictable rainfall (Ayyad and
Ghabbour, 1986). Average rainfall is characterized by
its scantiness and its variability; it only happens during
winter months and is owing to random cloudbursts,
certain years have rainfall above 50 mm and others are
completely dry. According to the climatic data over the
study period in the nearest metrological station (10th
Ramadan Station) to Al-Obour City, the average of
maximum temperature varied between 36 °C in July
and 17.9 in January, while the average of minimum
temperature ranged from 20.3 °C in august and 7.8 °C
in January, and the mean annually recorded
temperature was 20.9 °C. While, the mean annually
temperature in the New Cairo city (El-Katamia Station)
was 20.8 °C, the average of maximum temperature
varied from 34.7 °C in July and 17.8 °C in January, and
the average of minimum temperature ranged between
20.7 °C in August and 7.2 °C in January. The rainfall
average was low; the rainy season was limited from
November to February, and the maximum amount of
rainfall precipitated in December (7 mm and 6.2 mm of
Al-Obour and New Cairo cities, respectively) with the
possibility of a thunderstorm in April.

Field work and floristic analysis

Periodically from 2019 through April 2021, four
field trips were conducted to the new cities under
investigation. Sixty-six sample plots (20 x 20 m) were
selected randomly in various regions for recording; as
much as possible; distribution and diversity of plant
species. Generally, four main habitats were considered:
1- the lawn lands (L), a pieces of ground cultivated
with grasses and other tolerant plants for recreational
and aesthetic purpose; and represent essential element
of the interaction between natural and urban regions; 2-
the house gardens (Hg), area of land adjacent to resid-
ential building where ornamentals, fruits and
vegetables are planted (Javier, 1988); 3- the waste
grounds (W), unoccupied or abandoned zone is not or
no longer used and may be saturated with drainage
water; 4- the bordering desert; (D), sandy arid or semi-
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Figure (1): Satellite image of the two urbanized cities (represented
by red dots), under investigation in North East Cairo, Egypt.

arid region close to urban cities and distinguished by
frequent droughts and low precipitation. The studied
plots were distributed as follows: 17 lawn lands, 17
house gardens, 15 waste grounds and 17 bordering
desert. Specimens were identified at Cairo University
herbaria (CAI) and the Orman Botanical Garden.
According to Tackholm (1974) and Boulos (1995-2005
and 2009) nomenclature was carried out and revised

using  websites  (http://www.tropicos.org/)  and
(http://www.theplantlist.org/).
Soil analysis

For each stand, three soil samples were collected
from a depth of 0 to 50 cm. The samples were then
mixed together to obtain a composite sample.
Subsequently, the mixed sample was air-dried and
passed through a 2 mm sieve to remove any debris,
ensuring it was ready for chemical and physical
analysis. Soil texture was determined using the
international pipette method. The quantification of
organic matter was performed using the Walkley-Black
method (1934). To measure the chemical variables of
the soil, a soil/water extract was prepared by mixing
soil with water at a ratio of 1:5 (w/v). The pH of the
extract was measured using a pH meter (Model Lutron
pH 206). Electric conductivity was measured using a
conductivity meter (Model Corning, NY, 16542, USA).
The concentrations of chlorides and bicarbonates in the
soil were determined using titration methods against
AgNO; (0.05 N; Davey and Bembrick, 1969) and HCI
(0.1 N; Allen et al., 1974), respectively. Sulfate content
was estimated using a turbidimetric technique with a
spectrophotometer (Model 1200) following the method
described by Bardsley and Lancaster (1965). The
determination of potassium and sodium concentrations
in the soil was conducted using the flame photometer
technique. However, magnesium and calcium conc-
entrations were determined through titration methods
with EDTA (0.01 N; Jackson, 1967).

Data analysis

Data analysis was performed using various computer
software packages for statistical and multivariate
analysis, as well as ordination techniques. The software
used included PC-Ord (McCune and Mefford, 1999;
ver. 5), CANOCO (Leps and Smilauer, 2003; ver. 4.5),
and SPSS (SPSS, 1999; ver. 10.0). A floristic
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absence/presence dataset consisting of 249 species in
66 plots was classified using Ward's method (Orléci,
1978) after eliminating species reported in only one
sample plot (F<25%). Detrended Correspondence
Analysis (DCA) was employed to identify the main
gradients influencing the distribution of species.
Following the exclusion of electric conductivity (EC)
due to high inflation factor, the remaining 12 measured
soil factors were included in Canonical Correspon-
dence Analysis (CCA). The significance of soil
variables was determined using intra-set correlations
from CCA through a Monte Carlo permutation test
(499 permutations; Ter Braak, 1994). Based on the soil
variables, ANOVA was conducted to examine signify-
cant variations between the resulting vegetation groups
(Sokal and Rohlf, 1981). The species diversity within
each group was assessed by calculating the average
number of species per sampling plot (species richness,
SR) and the Shannon-Wiener diversity index (H';
Pielou, 1975).

RESULTS

Floristic features

In the study area, a total of 249 plant species were
documented, representing 64 families and 189 genera.
The highest number of species were observed in
Asteraceae (23 species), Poaceae (22 species), and
Fabaceae (19 species), followed by Brassicaceae,
Euphorbiaceae, and Moraceae (12 species each).
Arecaceae and Chenopodiaceae were also notable with
11 species each. These families collectively accounted
for approximately 48.9% of the overall flora. The
remaining families were represented by fewer than nine
species, with 46 families having 1-3 species each, such
as Asclepiadaceae, Caricaceae, Caryophyllaceae, Neur-
adaceae, and Urticaceae. Ficus (11 species) emerged as

the most species-rich genus, followed by Euphorbia (6
species), and Chenopodium, Plantago, and Zygophy-
llum (3 species each). When analyzing the growth form
distribution, it was observed that woody perennials
(trees and shrubs) constituted the majority, accounting
for 50.6% of the species. Perennial herbs represented
25.7% of the flora, while annuals made up 23.7%. The
herbaceous plants comprised 123 species belonging to
39 families.

The recorded species were distributed as follow: 187
species in Al-Obour city and 220 species in New-Cairo
city, of which one hundred and fifty-eight species were
listed in the two investigated cities such as Amaranthus
lividus, Bassia indica, Bidens pilosa, Calotropis
procera, Chenopodium album, Cynodon dactylon, Zilla
spinosa and Zygophyllum simplex, while 91 species
were found in a city and were not present in the other.
Twenty-nine species were confined to Al-Obour (e.g.
Alhagi graecorum, Aeluropus lagopoides, Calligonum
polygonoides, Eremobium aegyptiacum, Fagonia
brugieri and Senna italica), and 62 species of New-
Cairo city (e.g. Arundo donax, Anthemis melampodina,
Atriplex dimorphostegia, Deverra tortuosa, Diplotaxis
acris, Diplotaxis harra and Ochradenus baccatus.

A floristic comparison between the recorded species
in the three new cities included 10™ Ramadan (Turky,
2009), Al-Obour and New-Cairo Cities (1%, 2" and 3"
generation cities, respectively) located in Eastern
Desert appeared a considerable change in the number
of species (Table 1). The highest species richness
observed in the New-Cairo settlement (220 species),
whereas Turky (2009) recorded the lowest number
(157 species) in 10th Ramadan City. The Pearson’s
index of similarity between the floristic compositions
of different studied cities showed significant positive
correlation between three generations (Table 2).

Table (1): Urban profile of new studied cities, including data on residential and industrial areas, as well as the
number of inhabitants and recorded plant species (Central Agency for Public Mobilization and Statistics, Egypt,

2021).

Urban Profile

Studied Cities Establishment Industrial Residential . Nurmber of
year area (%) area % Inhabitant number recorded species
10" Ramadan 1977 49.2 39 1.500.000 157
Al-Obour 1982 30 35.78 1.436.000 187
New-Cairo 2000 1.7 54 200 220

Table (2): Pearson’s coefficient of similarity between cities of three generations

Studied Cities

10" Ramadan (15

El-Obour (2" New-Cairo (3"

10™ Ramadan 1.00
El-Obour 0.478*
New-Cairo 0.354*

1.00

0.756** 1.00

i Generation; * r=0.4 to 0.5, weak to moderate correlation; **, high correlation’
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Species distribution within habitats

The total number of species recorded throughout the
four habitats under study revealed considerable
variances. The most species rich habitat was the lawn
lands (173 species), then the house gardens (143
species), and the bordering desert (62 species), while
the waste grounds had the lowest number (39 species).
Obviously, perennials were the dominant growth form
in four recognized habitats represented by 74.3% of the
total flora. The lawn lands and house gardens recorded
the highest percentage of annuals (43 and 31 species,
respectively), comparable to bordering desert (28
species) and waste grounds (20 species).

Actually, managed urban habitats (lawns and house
gardens) were characterized by having the highest
levels of biological variety compared to the vegetation
of un-urbanized habitats (bordering desert and waste
grounds); they contained ornamentals; e.g. Rosa
multiflora, Cassia javanica subsp. nodosa, Calendula
officinalis,  Thevetia  peruviana,  Pelargonium
graveolens. Also, they included hedge plants; such as
Lantana camara, Dodonaea viscosa, Hibiscus
rosasinensis, Duranta erecta, and Nerium oleander,
shade trees; e.g. Ficus benjamina, Delonix regia,
Enterolobium contortisiliquum and Bauhinia variegata,
fruit plants; such as Citrus sinensis, C. aurantium,
Mangifera indica, Psidium guajava, Vitis vinifera,
Phoenix dactylifera and Carica papaya. Additionally,
they comprised some vegetables; amongst others Eruca
sativa, Malva parviflora, and Solanum lycopersicum
var. lycopersicum, medicinal plants; for example
Mentha sativa, Ocimum basilicum and Aloe vera,
timber plants (e.g. Cassia fistula), fiber plants; such as
Bombax ceiba, oily plants; as Olea europaea var.
europaea, and poisonous plants (e.g. Cynanchum
acutum subsp. acutum and Melia azedarach).
Generally, the cultivated plants were 138, followed by
weed species (63 species), xerophytic plans (44

species) and wild shrubs and trees (4 species). The
lawns and house gardens habitats recorded the highest
number of cultivated species among others, meanwhile
devoid of xerophytes (Table 3).

Amaranthus hybridus, Launaea nudicaulis, Malva
parviflora and Pluchea dioscorides were reported in all
habitats, while Cynodon dactylon, Chenopodium
murale, Phoenix dactylifera and Solanum nigrum were
among seventeen recorded species in three habitats.
One hundred and three species shared between
urbanized areas (e.g. Ficus microcarpa, Sonchus
oleraceus, Dodonaea viscosa and Sisymbrium irio), ten
between un-urbanized habitats (e.g. Bassia indica,
Bassia muricata, Mesembryan-themum forsskaolii and
Anabasis setifera), 6 species only between lawns and
bordering desert (e.g. Plantago ovata, Cenchrus
ciliaris, and Tribulus bimucronatus var. bispinulosus),
while Conyza bonariensis, Cynanchum acutum subsp.
Acu-tum, Desmostachya bipinnata were found in lawn
lands and waste grounds. In contrast, 106 species were
restricted to a specific habitat and were not recorded in
another one; of which 40 cultivated plants and weeds
constituted the characteristic species of the lawns
habitat (such as Justicia adhatoda, Plantago lagopus,
Washingtonia robusta and Enterolobium contortis-
iliquum), 34 xerophytic species in the bordering desert
areas (e.g. Astragalus eremophilus, Zilla spinosa,
Cornulaca monacantha and Echinops spinosus), 24
ornamental plants in the house gardens (e.g. Echinoc-
actus grusonii, Caryota mitis, Kigelia Africana and
Jasminum grandiflorum) and 8 halo/helophytic species
characterized of the waste grounds (e.g. Juncus rigidus,
Aeluropus lagopoides and Arundo donax).

Among the four investigated habitats, the Pearson's
coefficient was computed using frequency percentages
(Table 4). The floristic similarities exhibited negative
significant correlations between desert habitats with
lawns and house gardens, and significant positive

Table (3): The recorded number of plant species within the four principle existing habitats.

Plant species recorded

Principle existing

Habitats Cultivated ~ Weeds  Xerophytes (shr\Li\kl)lllt?r ces)
All habitats 138 63 44 4
Lawns 112 57 4
House gardens 102 40 1
Waste grounds 5 20 11 3
Bordering desert 3 15 41 3

correlation between the lawns and home gardens on
one hand, and between the desert habitat and waste
grounds in the other.

Classification of vegetation

The classification of vegetation in the studied
habitats involved the use of four data matrices: 44
species recorded in 17 plots in lawn lands, 61 species
recorded in 17 plots in house gardens, 23 species

28

recorded in 15 plots in waste grounds, and 45 species
recorded in 17 plots in the bordering desert. This
analysis resulted in the identification of 16 distinct
plant communities or vegetation groups across these
habitats (Figure 2). Meanwhile, Figure (3) provides
ordination diagrams that illustrate the recorded
vegetation groups obtained through cluster analysis
using Detrended Correspondence Analysis. These
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diagrams represent the vegetation composition within
the four recognized habitats: In lawns, the soil had the
highest concentrations of sulfates, Mg*?, Ca*™?, Na* and
Hcos in group (A); group (B) contained pH, organic
matter, sand, bicarbonates and K*; group (C) recorded
high values of clay and silt; while group (D) contained
pH, sand, sulfates and Mg*? (Table 5). Six leading
dominant species (F=100%) were recorded in group
(A) such as Chenopodium murale, Cynodon dactylon
and Malva parviflora; nine in group (B) e.g. Ficus
microcarpa and Sisymbrium irio; four in group (C)
Cynodon dactylon, Ficus microcarpa, Sonchus
oleraceus and Coronopus didymus; while one species
(Cynodon dactylon) in group (D).

The mean soil physical-chemical parameters of
group (A) in house gardens clarified the highest values
of silt, Ca* K*, Na*, pH and organic matter. The
leading dominant species (F=100%) included Cynodon
dactylon, Coronopus didymus, Agave americana and
Poa annua. Group (B) was characterized by high
content of HCO3, pH and sand, along with dominance
of Cynodon dactylon and Bougainvillea spectabilis.
Group (C) had the largest values of clay and silt; in
which Cynodon dactylon was the dominant species.
Group (D) contained clay, Mg, Ca®, bicarbonates
and sulfates (Table 5), and comprised 34 dominant
species such as Lantana camara, Melilotus indicus and
Sisymbrium irio.

Group (A) of the waste grounds was characterized
by high values of sulfates and sand, also dominance of
Phragmites australis. Group (B) had high content of
K*, Ca* and sand, in which four dominant species
(F=100%) were recorded included Mesembryan-
themum forsskaolii, Launaea nudicaulis, Bassia indica,
Cynanchum acutum subsp. acutum. Group (C) had high
values of clay, pH, CI', K*, Mg*?, Ca* and sulfates, as
well as Pluchea dioscorides and Tamarix nilotica were
the dominant species. Group (D) recorded high
concentrations of clay, silt and organic matter; Bassia
indica, B. muricata and Amaranthus hybridus
dominant species can be enumerated.

In the bordering desert, Group (A) showed high
values of clay and pH, its dominant species was
Anabasis setifera (F=50%). Group (B) exhibited
highest concentrations of sulfates, organic matter and
sand. The leading dominant species (F=100%) were
Astragalus eremophilus, Bassia indica, Erodium glau-
cophyllum and Farsetia aegyptia. Group (C) had high
values of organic matter, silt, pH, Na*, K*, Ca** and
sulfates, and contained ten dominant species, amongst

others; Calotropis procera, Forsskaolea tenacissima,
Convolvulus lanatus, Zilla spinosa and Zygophyllum
coccineum. Group (D) was characterized by its soil
with high concentrations of silt and sand, its dominant
species included Bassia indica and
Mesembryanthemum forsskaolii. Notably, the group
(C) of desert habitat was confined to new Cairo city;
group (A) in the Waste grounds of Al-Obour
settlement; and groups (B) and (D) of New Cairo
settlement.

Soil characteristics

Soil contents of sand, silt, clay and potassium
exhibited insignificant differences among the four
habitats (Table 5). The waste grounds had the greatest
number of soil factors (8) with significant differences;
electrical conductivity, organic matter, sulfates,
bicarbonates, chlorides, magnesium, calcium and
sodium. On the other hand, soil reaction (pH) showed
significant differences in house gardens only, and none
of soil factors exhibited significant differences in both
bordering desert and lawns habitats.
In terms of the diversity indices, the species richness
(SR) clarified significant with lawns and waste
grounds, as well as highly significant in each of
bordering desert and house gardens. Also, Shannon’s
index (H’) was significant (p< 0.016) and highly
significant (p <0.0001) in lawns and desert habitats,
respectively.

Vegetation-soil relationships

Figure (4) illustrates the Canonical Correspondence
Analysis (CCA) for the different habitats, displaying
their respective plant communities and the corres-
ponding measured environmental factors. Table (5)
presents the ordination biplots of the two CCA axes,
demonstrating the inter-set correlations of soil factors
within the investigated habitats. Additionally, the table
includes eigenvalues and species-environment correla-
tions.

In lawns, CCA axis one (organic matter/calcium
gradient) associated positively with organic matter and
pH, and negatively with calcium and sodium (Table 6).
While, axis two (clay/pH gradient) was related
positively with clay, silt, organic matter, sodium and
potassium and negatively with pH, bicarbonates,
magnesium, and sulfates.

In house gardens, the first axis of CCA (clay/pH
gradient) related positively with clay, bicarbonates and
magnesium, while negatively with pH, potassium,
sodium, and sand. The second CCA axis (organic ma-
tter / bicarbonates gradient) associated positively with

Table (4): The Pearson's coefficient values represented the correlation between the four investigated habitats.

Habitats Lawns House gardens Waste grounds  Bordering desert
Lawns 1.00

House gardens 0.733** 1.00

Waste grounds 0.089 -0.039 1.00

Bordering desert -0.194* -0.287* 0.281* 1.00

*r=0.2 to 0.5, very weak to moderate positive or negative correlation; **, high correlation.’
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organic matter, sodium and calcium, whereas neg-
atively with bicarbonates, silt and sand. However, in
waste grounds, the CCA axis one (organic matter /
chlorides gradient) related positively with organic
matter and sand, while negatively with chlorides,
calcium, magnesium and sulfates. the second axis
(potassium/pH gradient) was positively associated with
potassium and sand and negatively with pH, sulfates,
organic matter and silt.

In the bordering desert, CCA axis one (clay/sand
gradient) related positively with clay and silt;
negatively with sand, organic matter, calcium,
potassium and sodium. Whereas CCA axis 2 (clay/
Shannon’s index gradient) associated positively with
clay, pH, sulfates and calcium, and negatively with
Shannon’s index, species richness, sand and organic
matter. The results of Monte Carlo permutation test of
the eigenvalue for axisl were nonsignificant in lawns
and house gardens (p < 0.736 and 0.8, respectively),
significant (p < 0.034) in waste grounds and highly
significant (p < 0.008) in bordering desert, proving that
the patterns which were observed were not random

DISCUSSION

The studies on species enrichment in urban areas
had provided ample evidence of increased plant
diversity in urbanized places compared to the
surrounding countryside (Kihn et al., 2004). Overall,

there were 249 reported species included 189 genera
and 64 families, of which 138 cultivated species and
111 native.

In consistent with current findings, the species
richness in urbanized areas of lower Egypt (Abd El-
Ghani et al., 2011a; 2015a; b) was higher than that in
the neighboring non-urbanized areas of the Nile Delta
region (Abd Al-Azeem, 2003; Abd El-Ghani et al.,
2011b).

The results demonstrated clear relation among
species richness and town/city size, inhabitant’s
number and industrial area space (shown in Table 1).
The more increase the spatial extent of cities/towns, the
greater the diversity of plants (Pysek, 1998; Wittig,
1991). On the contrast, increasing inhabitant’s number
and industrial areas caused decline in plant
biodiversity. This can be explained according to Ali et
al. (2000) who reported that the urban anthropogenic
(traffic and industrial) activities generates a lot of air
pollutants which operate as stress factors causing plant
toxicity, decreased plant richness and vegetation
damage. Furthermore, there is continuous trampling in
urban habitats which destroy soil structure and impact
on floristic composition causing vegetation cover loss
(Frenkel, 1970; Agnew, 1994).

In our study, lawns and house gardens accommo-
dated the highest richness, in contrast to waste grounds
that harboured the poorest diversity. Thompson et al.
(2003) referred to public, house gardens and lawns as

Table (5): Physiochemical properties and plant species diversity of soil collected from different habitats. The measured
soil characters include organic matter (OM), soil reaction (pH), electrical conductivity (EC), potassium (K*), sodium
(Na"), calcium (Ca*?), magnesium (Mg*?), chlorides (CI'), bicarbonates (HCO®), and sulfates (SO,2).

Investigated area

Soil

Characterization Habitats'

L Hg W D
Soil texture (%0)
Sand 0.686 0.199 0.699 0.264
Silt 0.781 0.677 0.897 0.721
Clay 0.586 0.339 0.686 0.645
OM (%) 0.583 0.251 0.01** 0.880
pH 0.867 0.047* 0.359 0.127
EC(dS m™) 0.485 0.591 0.000** 0.542
Soil minerals (meq | ™)
Na* 0.650 0.681 0.000** 0.548
K* 0.946 0.228 0.144 0.164
Ca* 0.454 0.825 0.014* 0.587
Mg*2 0.300 0.842 0.002** 0.622
cr 0.745 0.537 0.000** 0.587
HCO; 0.376 0.269 0.015* 0.328
S0,? 0.808 0.104 0.035* 0.693
Species diversity index
H' 2.830 2.800 2.690 2.630
p value 0.016" 0.187 0.062 0.000™
SR 2.81 2.77 2.67 2.77
p value 0.014" 0.002" 0.033" 0.000™

t L, Lawn lands; Hg, House gardens; W, Waste grounds and D, Bordering desert;
H’, Shannon’s index; SR, species richness. *, p <0.05 and **, p<0.01.
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Figure (4): Canonical Correspondence Analysis (CCA) biplots showing the plots distribution in the investigated habitats, with soil factors and their vegetation groups. L, Lawn lands; Hg, House gardens; W, Waste grounds

and D, Bordering desert.
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Table (6): Inter-Set correlations of soil characterization, species-environment correlations, and eigenvalues in four
investigated habitats using CCA Analysis.
Investigated area
Measured parameters Habitats’
L Hg W D
Axes AXy AX, AXyq AX, AXy AX> AXy AX>
Eigenvalues 0.115 0.093 0.266 0.243 0.572 0.315 0.508 0.410
Species-environment 0.972 0.960 0.979 0.989 0.976 0.944 0.992 0.994
correlations
Soil characterization
Soil texture (%0)
Sand NS NS -0.2898 -0.1115 0.1592 0.1247 -0.4297 -0.5592
Silt -0.0507 0.7114 -0.0270 -0.0503 -0.0339 -0.2459 0.3650 -0.0208
Clay -0.0607 0.8293 0.2950 0.1450 -0.1716 -0.0889 0.4063 0.6040
OM (%) 0.3285 0.6020 -0.2981 0.7304 0.3271 -0.2287 -0.2806 -0.3985
pH 0.0191 -0.6600 -0.5156 0.2202 -0.4024 -0.5045 -0.1570 0.5168
Soil minerals (meq | )
Na* -0.3133 0.3121 -0.3512 0.3410 NS NS -0.1849 0.1932
K* -0.1027 0.1282 -0.4692 0.2647 -0.4656 0.2794 -0.2029 0.1558
Ca'? -0.4605 -0.2469 -0.1124 0.1851 -0.8016 0.0754 -0.2841 0.2349
Mg+2 -0.2149 -0.3114 0.0317 0.1248 -0.8124 0.0091 NS NS
Cl- NS NS NS NS -0.9222 -0.0402 NS NS
HCO;" -0.1440 -0.5536 0.1801 -0.2602 NS NS NS NS
S0, 2 -0.2466 -0.2882 -0.1393 0.0481 -0.5108 -0.3409 -0.0677 0.2600
Species diversity index
SR NS NS NS NS NS NS 0.0945 -0.4727
H’ NS NS NS NS NS NS 0.0514 -0.6279

TL, Lawn lands; Hg, House gardens; W, Waste grounds and D, Bordering desert ; NS, nonsignificant value.

extremely rich in plant species. Urban forests have
been the subject of numerous researches as possible
models for systems that are environmentally
sustainable (Lamont et al., 1999). The results support
those obtained by Eichemberg et al. (2009) and show
higher diversity in urbanized man-made habitats
compared to un-urbanized habitats, where they are
blessed with a better environment condition and more
human-management. Serra et al. (2008) and Hussein et
al. (2021) emphasized the human and natural factors
had various influences on plant variation in different
habitats.

According to Hamdy (2010) and El-Hady (2011),
woody perennials comprise the dominant plant species
in urban ecosystems across various regions of Egypt.
This can be attributed to their extensive root systems,
which allow them to access water stored at different
soil depths (Abd EI-Ghani and Abd El-Khalik, 2006).
Moreover, the growing cultivation of trees is attributed
to their dense foliage, wide crowns, substantial stature,
and their ability to provide effective shading (Gatrell
and Jensen, 2002). While annuals were the less
common due to some agricultural activities (e.g.
weeding, ploughing and hoeing). In accordance with
these reports, the life span composition in the
investigated habitats clarified that, perennials constitute
majority of listed species in the house gardens (78.3%),
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lawns (75.1%), bordering desert (54.8%) and nearly
49% in waste grounds habitat.

The recognized habitats can be separated into three
essential groups based on Pearson’s coefficient of
floristic similarity; the first group included house
gardens and lawns. The significant positive correlation
between these two habitats was expected. This may be
due to the fact that they are man-made (cultivated)
habitats and more ornamental and artificial of any of
the other vegetation in the urbanized regions. On the
other hand, waste grounds constituted the second
group, and bordering desert (not man-made) habitats
represented the third group. Not only the desert habitats
showed significant negative correlations with lawns
and house gardens, but also it exhibited significant
positive correlations with waste grounds. The current
data were further confirmed the reports of Abd El-
Ghani et al. (2010, 2011b).

The sixteen identified vegetation groups in the four
habitats under investigation after application of
multivariate methods clarified that the most of the
dominant species in lawns and house gardens were
cultivated plants and weeds of arable lands. These data
were agreed with those of earlier research on plant
communities in different Egyptian locations e.g. Abd
El-Ghani and El-Sawaf (2004) and Turkey (2009).
Furthermore, the four identified vegetation groups in
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the waste grounds habitat were consistent with results
recorded by Abd EI-Ghani et al. (2015b) who
recognized five groups for urbanized areas in the desert
landscape. Also, Abd EI-Ghani et al. (2011b) reported
3 vegetation groups in south of Nile Delta. In this
context, it can be mentioned that Phragmites australis,
Bassia indica, Launaea nudicaulis, Tamarix nilotica
and Pluchea dioscoridis are relatively dominant
species that have been associated with waste grounds.
This observation can be explained by the habitat
heterogeneity, as the most were halophytic species are
believed to be more resistant to salt stress. On the other
hand, xerophytic plants formed the framework of the 4
separated groups of the bordering desert. These groups
had analogues in southern and northern regions of the
Egyptian eastern desert (Abd El-Ghani et al., 2013;
Salama et al., 2013 and 2016).

According to the species distribution of the study
area, some species including Pluchea dioscoridis,
Phragmites australis and Cynadon dactylon were
recorded in all or most of the habitats. In contrast,
because of the adaptations to particular habitats, 42.6%
of the total flora exhibited some degree of fidelity,
meaning they were only observed in specific habitat
and do not recorded in nowhere else. These species
were distributed in lawn lands, house gardens, waste
grounds and bordering desert in percentage of 23.12%,
16.78%, 20.51% and 54.83%, respectively. Explan-
ation of a specific plants’ high ecological amplitude is
their highly successful vegetative spread and seed
production (Téckholm, 1974). According to Berzaghi
et al. (2020), who confirmed the previous hypothesis,
the thriving of some plants in several environments
was associated with their high flexibility in different
conditions. These explications were notably supported
by the current work, which based on species’ traits in
the investigated habitats.

The road sides (represent open areas) at the borders
of studied cities allow invasive species to colonize and
spread widely into the bordering desert regions. Most
of introduced species were ruderal and segetal weeds
associated with arable lands (e.g. Zea mays, Brassica
tournefortii, Coronopus didymus, Phalaris minor and
Tamarix nilotica) inhabit Nile Delta of Egypt (Salama
et al.,, 2012). This data support the conclusion of
Forman and Alexander (1998). Also in the reverse
trend, some desert plants (e.g. Launaea capitata,
Erodium glaucophyllum and Tribulus bimucronatus
var. bispinulosus) were capable to invade the urbanized
zone. Abd El-Ghani et al. (2011b; 2015b) indicated
similar results in the Nile Delta and some neighboring
cities, respectively. Grime (1979) added that high
stressed regions are sites with low competition,
allowing invasive species to be established.

The present results revealed an association between
soil factors and species distribution in the studied
habitats presented in the (CCA) biplots. Clearly, each
of clay, organic matter, pH, bicarbonates and calcium
are highly correlated with weed/cultivated plant groups
in lawns and house gardens; while organic matter,
potassium, chlorides and pH are highly correlated with
helo/halophytic plant groups in waste grounds, and
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xerophytic plant groups with clay and sand gradient in
the bordering desert.

The discharge of organic/inorganic refuses (e.g.
garden and factories refuses, buildings debris and
rubbish dumps) are may be lead to increase nutrients
supplies in the urban habitats of the studied cities.
Various plants grown in green landscape were
fertilized several times during the growing season with
organic matter and nutrient solutions containing many
minerals e.g. nitrogen, calcium, phosphorus and
potassium where, Calcium carbonate fertilizer is used
to reduce acidity by balancing soil pH. Sukopp et al.
(1979) demonstrated that urban soil is rich in
construction remains such as mortar, bricks and
cement, which causes an increase in alkalinity. Similar
observation was recorded by Godefroid et al. (2007)
showing effect of soil factors on the floristic structure
in urbanized waste lands habitats. The current findings
in line with Mohamed et al. (2019), who reported that
as urbanization reduced from the middle of the Nile
delta to its desert edges, the percentage of sandy soil
increased while organic matter, silt, nitrogen and
phosphorus declined. They added that the soil of desert
borders combines with the pure cultivated lands inside
the middle of the Nile Delta gradually.

The high vegetation diversity of urban lawns and
house gardens is correlated with increased soil fertility.
The low species richness of bordering desert and waste
grounds, on the other hand, may be attributed to the
majority of their flora are highly specialized to those
habitats of the harsh conditions (such as salinity and
aridity). Zahran and Willis (1992) came to a similar
conclusion of the plant vegetation in Egypt’s regions
that were under salinity and aridity stress.

CONCLUSION

More research is needed to identify the factors
influencing species diversity patterns, vegetation
structure, and the role of environmental conditions in
the urban flora and ecology of new cities in the
Egyptian desert landscape. For this reason, this study
was undertaken. Like other new desert urbanized areas,
most of the floristic composition belonged to six
species-rich families (Asteraceae, Poaceae, Fabaceae,
Euphorbiaceae, Chenopodiaceae and Brassicaceae)
occupied 4 principle habitats: lawn lands, house
gardens, waste grounds and bordering desert. Diversity
of plant species in the investigated area was low
because of the harsh environmental conditions. Spatial
patterns of species diversity were most closely related
to the heterogeneity of soil. The plant species diversity
in the managed urban habitats (lawns and house
gardens) were higher than the unmanaged ones (waste
grounds and bordering desert). Weeds of cultivation
were the dominant in managed habitats, whereas
xerophytes and halophytes dominated the unmanaged
habitats. Significant negative correlations between the
desert habitats with lawns and house gardens were
calculated. Gradients in soil texture and nutrients were
the key factors determining the vegetation composition
in these areas. The vegetation groups and diversity
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were correlated with edaphic factors that perform a
significance role in species distribution. Therefore, we
suggest broader management strategies to conserve the
biodiversity of urbanized areas.

REFERENCES

ABD AL-AZEEM, D. 2003. Current situation of the
flora and vegetation of Nile Delta region.

Unpublished M.Sc. Thesis, Tanta University,
Egypt.

ABD EL-GHANI, M.M. AND K.N. ABD EL-
KHALIK. 2006. Floristic  diversity and

phytogeography of Gebel Elba National Park,
south-east Egypt. Turkish Journal of Botany, 30:
121-36.

ABD EL-GHANI, M.M. AND N. EL-SAWAF. 2004.
Diversity and distribution of plant species in the
agro-ecosystem of Egypt. Systematics and
Geography of Plants, 74: 319-336.

ABD EL-GHANI, M.M., A.M. EL-FIKY, A. SOLI-
MAN AND A. KHATTAB. 2010. Environmental
relationships of aquatic vegetation in the fresh
water ecosystem of the Nile Delta, Egypt. African
Journal of Ecology (In Press).

ABD EL-GHANI, M.M., F.M. SALAMA AND N.A.
EL-TAYEH. 2013. Desert roadside vegetation in
eastern Egypt and environmental determinants for
its distribution. Phytologia Balcanica, 19 (2): 233 -
242.

ABD EL-GHANI, M.M., M.M. ABOU-EL-ENAIN,
A.l. ABO EL-ATTA AND E.A. HUSSEIN. 2011b.
Habitat heterogeneity and soil-vegetation relations
in south of the Nile Delta, Egypt. Ecologia
Mediterranea, 37 (1): 53-68.

ABD EL-GHANI, M.M., M.M. ABOU-EL-ENAIN,
A.l. ABO EL-ATTA AND E.A. HUSSEIN. 2015a.
Composition, distribution patterns and habitat
divergence of street trees in the greater Cairo city,
Egypt.  Assiut  University  Bulletin  for
Environmental Researches, 18 (1): 59-91.

ABD EL-GHANI, M.M., R. BORNKAMM, N. EL-
SAWAF AND H. TURKY. 2011a. Plant species
distribution and spatial habitat heterogeneity in the
landscape of urbanizing desert ecosystem of Egypt.
Urban Ecosystems, 14: 585-616.

ABD EL-GHANI, M.M., R. BORNKAMM, N. EL-
SAWAF AND H. TURKY. 2015b. Heterogeneity
of Soil and Vegetation in the Urban Habitats of
New Industrial Cities in the Desert Landscape of
Egypt. Notulae Scientia Biologicae, 7(1): 26-36.

AGNEW, A. 1994. Upland Kenya wild flowers east
Africa natural history society, Nairobi. Boucher
Douglas H. et. al. 1991. recovery of trailside
vegetation from trampling in a tropical rain forest
environmental management 15 No. 2 pp. 257-262.

ALI, E.A., U. KAFKAFI, I. YAMAGUCHI, Y. SUG-
IMOTO AND S. INANGA. 2000. Growth, trans-
piration, cytokinins and gibberellins, nutrient comp-
ositional changes in sesame exposed to low root-
zone temperature under different ratios of nitrate:
Ammonium supply. Journal of Plant Nutrition, 23:

36

123-140.

ALLEN, S.E., H.M. GRIMSHAW, J.A. PARKINSON
AND C. QUARMBY. 1974. Chemical Analysis of
Ecological Materials, Blackwell Scientific Publica-
tion, Oxoford.

AYYAD, M.A. AND S.I. GHABBOUR. 1986. Hot
deserts of Egypt and Sudan, In: Ecosystems of the
World, 12B, Hot  Desert and  Arid
Shrublands ( Evenari M. Noy-Meir I. Goodall D.
W. , Eds). Elsevier, Amsterdam, pp. 149 — 202.

BAINES, C. 1995. Urban Areas, In: Managing
Habitats for conservation, Sutherland, WJ. and Hill,
DA. (Eds.), Cambridge University press, Camb-
ridge, PP. 362-380.

BARDSLEY, C.E. AND J.D. LANCASTER. 1965.
Sulphur. In: Methods of Soil Analysis, part 2.
(Eds.) Black, CA. Agronomy, 9, 1102-1116. Am.
Soc. Agron. Madison, Wisconsin.

BERZAGHI, F., I.J. WRIGHT , K. KRAMER, S. OD-
DOU-MURATORIO , F.J. BOHN , C.P.O. REY-
ER, S. SABATE , T.G.M. SANDERS AND F. HA-
RTIG . 2020. Towards a New Generation of Trait-
Flexible Vegetation Models. Trends in Ecology &
Evolution, 35 (3): 191-205.

BOULOS, L. 1995. Flora of Egypt: Checklist: Al Had-
ara Publishing, Cairo, Egypt.

BOULOS, L. 1999. Flora of Egypt, Vol. 1 (Azollaceae-
Oxalidaceae): Al-Hadara Publishing, Cairo, Egypt.

BOULOQOS, L. 2000. Flora of Egypt, Vol. 2 (Geraniace-
ae-Boraginaceae): Al-Hadara Publishing, Cairo,
Egypt.

BOULOS, L. 2002. Flora of Egypt, Vol. 3 (Verbinac-
eae-Compositae): Al-Hadara Publishing, Cairo,
Egypt.

BOULOS, L. 2005. Flora of Egypt, Vol. 4 (Monoco-
tyledons: Alismataceae - Orchidaceae), AL Hadara
Publishing, Cairo, Egypt.

BOULOQOS, L. 2009. Flora of Egypt Checklist Revised,
Annotated Edition, Al Hadara Publishing: Cairo,
Egypt, pp. 29-30.

DANIN, A., A. WEINSTEIN AND R. KARSCHON.
1982. The synanthropic flora of new settlements in
Northeastern Sinai, |. Composition and origin,
Willdenowia, 12: 57-75.

DAVEY, B.G. AND M.J. BEMBRICK 1969. The po-
tentiometric estimation of chloride in water extracts
of soils. Soil Science Society of America Journal,
33: 385-387.

EICHEMBERG, M.T., M.C. AMOROZO AND L.C.
DE MOURA. 2009. Species composition and plant
use in old urban home gardens in Rio Claro,
Southeast of Brazil. Acta Botanica Brasilica, 23:
1057-1075.

EL-HADY, M. 2011. Floristic diversity and habitats in
Cairo city: A potential for nature conservation,
Unpublished Ph.D. Thesis, Faculty of Science, Al-
Azhar University, Cairo.

FORMAN, R.T. AND L.E. ALEXANDER. 1998.
Roads and their major ecological effects, Annual
Review of Ecology, Evolution, and Systematics,
29: 207-231.

FRENKEL, R.E. 1970. Ruderal Vegetation along some



Abd El-Ghani and Hussein

California Roadsides, California: University of
California Press.

GATRELL, J.D. AND R.R. JENSEN. 2002. Growth
through greening: developing and accessing
alternative economic development programmes,
Applied Geography, 22: 331-350.

GODEFROID, S., D. MONBALIU AND N. KOE-
DAM. 2007. The role of soil and microclimatic
variables in the distribution patterns of urban
wasteland flora in Brussels, Belgium. Landscape
and Urban Planning, 80: 45-55.

GRIME, J.P. 1979. Plant strategies and vegetation
processes, J. Wiley, London.

GUIRADO, M., J. PINO AND F. RODA. 2006. Und-
erstorey plant species richness and compaosition in
metropolitan forest archipelagos: effects of patch
size, adjacent land use and distance to the edge,
Global Ecology and Biogeography, 15: 50-62.

HAMDY, R.S. 2010. A study of plant distribution in
nine historic gardens in Egypt. Journal of Garden
history, 38: 267- 314.

HUSSEIN, E.A, M.M. ABD EL-GHANI, R.S.
HAMDY AND L.F. SHALABI. 2021. Do anth-
ropogenic activities affect floristic diversity and
vegetation structure more than natural soil
properties in hyper-arid desert environments.
Diversity, 13(4): 157-180.

JACKSON, M.L. 1967. Soil Chemical Analysis-
Advanced Course, Pullman, WA, USA: Wash-
ington State Department of Soil Sciences.

JAVIER, F.B. 1988. Fruit production in the home
garden, Philippines Univ., Los Banos, College,
Laguna (Philippines), Coll. of Agriculture.

KEN, T. 2009. Urban domestic gardens (1): Putting
small-scale plant diversity in context, Sheffield
University, Sheffield, UK, Journal of Vegetation
Science, 14 (1): 71-78.

KNAPP, S., L. DINSMORE, C. FISSORE, S.E.
HOBBIE, I. JAKOBSDOTTIR, J. KATTGE, J.Y.
KING, S. KLOTZ, J.P. MCFADDEN AND J.
CAVENDER-BARES. 2012. Phylogenetic and
functional characteristics of household yard floras
and their changes along an urbanization gradient.
Ecology, 93: 83-98.

KUHN, I., R. BRANDL AND S. KLOTZ. 2004. The
flora of German cities is naturally species rich.
Evolutionary Ecology Research, 6: 749-764.

LAMONT, S.R., W.H. ESHBAUGH AND G. GRE-
ENBER. 1999. Species composition, diversity and
use of home gardens among three amazonian
villages. Economic Botany, 53: 312-326.

LEPS, J. AND P. SMILAUER. 2003. Multivariate An-
alysis of Ecological Data Using CANOCO. Cam-
bridge University Press. Cambridge. 269 pp.
D0i:10.1017/cb09780511615146.

MCCUNE, B. AND M.J. MEFFORD 1999. PC-ORD
for Windows. Multivariate Analysis of Ecological
Data. Version 4.14. User’s Guide. MjM Software,
Oregon, USA.

MOHAMED, E.S., M. ABU-HASHIM, M.A.E. ABD-
ELRAHMAN, B. SCHUTT AND R. LASA-PON-
ARA. 2019. Evaluating the Effects of Human

37

Activity over the Last Decades on the Soil Organic
Carbon Pool Using Satellite Imagery and GIS
Techniques in the Nile Delta Area, Egypt.
Sustainability, 11(9), 2644; https://doi.org/10.33-
90/5u11092644.

NEGANDRA, H., D. GOPAL. 2010. Street tree in
Bangalore: density, diversity, composition and
distribution. Urban Forestry and Urban Greening, 9:
129-137.

ORLOCI, L. 1978. Multivariate Analysis in Vegetation
Research, 2nd ed., W. Junk B.V. Publishers, The
Hague, Boston.

PIELOU, E.C. 1975. Ecological diversity, Wiley, New
York.

POOLE, R.W. 1974. An Introduction to Quantitative
Ecology, McGraw-Hill Book Co., New York.

PYSEK, P. 1998. Alien and native species in Central
European urban flora: a quantitative comparison.
Journal of Biogeography, 25: 155-163.

ROGAN, J.E. AND T.E. LACHER. 2018. Impacts of
habitat loss and fragmentation on terrestrial biod-
iversity, Reference Module in Earth Systems and
Environmental Sciences, 1-18.

SALAMA, F.M., M.K. AHMED, N.A. EL TAYEH
AND S.A. HAMMAD. 2012. Vegetation analysis,
phenological patterns and chorological affinities in
Wadi Qena, Eastern Desert Egypt. African Journal
of Ecology, 50: 193-204.

SALAMA, F.M., M.M. ABD EL-GHANI AND N. EL-
TAYEH. 2013. Vegetation and soil relationships in
the inland wadi ecosystem of central Eastern
Desert, Egypt. Turkish Journal of Botany, 37: 489-
498.

SALAMA, F.M., M.M. ABD EL-GHANI, M. GAD-
ALLAH, S. EL-NAGGAR AND A. AMRO. 2016.
Characteristics of desert vegetation along four tran-
sects in the arid environment of southern Egypt.
Turkish Journal of Botany, 40: 59-73.

SEILER, A. 2001. Ecological effects of roads:a review.
Swedish University of Agricultural Sciences, Dep-
artment of Conservation Biology, Introductory
Research Essay No. 9. Uppsala.

SERRA, P., X. PONS AND D. SAURI. 2008. Land-
cover and land-use change in a Mediterranean land-
scape: a spatial analysis of driving forces integra-
ting biophysical and human factors. Applied Geog-
raphy, 28: 189-209.

SMITH, R.M., K. THOMPSON, J.G. HODGSON, P.H
WARREN AND K.J. GASTON. 2006. Urban dom-
estic gardens (I1X): composition and richness of the
vascular plant flora, and implications for native bi-
odiversity, Biological Conservation, 129: 312-322.

SOKAL, R.R. AND F.J. ROHLF. 1981. Taxonomic
congruence in the Leptopodomorpha re-examined.
Systematic Zool., 30: 309-325. (And 1981, IBM
Watson Research Center. RC no. 8624, 31 pp.).

SPSS, 1999. SPSS Interactive Graphics 10.0, a comp-
rehensive system for analyzing data, SPSS Incor-
poration, Chicago, Illinois, USA.

STENHOUSE, R.N. 2004. Fragmentation and internal
disturbance of native vegetation reserves in the
Perth metropolitan area Western Australia.



Ruderal Vegetation and Site Factors in Various Managed Habitats, North East Cairo, Egypt

Landscape and Urban, 68: 389-401. eningen, The Netherlands.

STEWART, G.H., C.D. MEURK, M.E. IGNATIEV, THOMPSON, K., K.C. AUSTIN, R.M. SMITH, P.H.
H.L. BUCKLEY, A. MAGUEUR, B.S. CASE, M. WARREN, P.G. ANGOLD AND K.J. GASTON.
HUDSON AND M. PARKER. 2009. Urban Bio- 2003. Urban domestic gardens (I): putting small-
topes of Aotearoa New Zealand (URBANZ) II: scale plant diversity in context. Journal of
Floristics, biodiversity and conservation values of Vegetation Science, 14: 71-78.
urban residential and public woodlands, Christ- TSAI, H.M. 1999. Human impacts on island biod-
church. Urban Forestry and Urban Greening, 8: iversity. Environmental Education Quarterly, 38:
149-162. 51-65.

SUKOPP, H. 1990. Stadtokologie: das Beispiel Berlin. TURKY, H.M. 2009. Synanthropic Vegetation and
Dietrich Reimer, Berlin, 455 pp. Plant Species Diversity in the Urban Environment

SUKOPP, H. 2004. Human-caused impact on pre- of Some New Cities, Egypt, Unpublished Ph. D.
served vegetation. Landscape and Urban Planning, Thesis, Faculty of Science, Cairo University.

68: 347-355. WALKLEY, A. AND |.A. BLACK. 1934. An exam-

SUKOPP, H., H.P. BLUME AND W. KUNICK. 1979. ination of the Degtjareff method for determining
The soil, flora, and vegetation of Berlin’s waste soil organic matter, and a proposed modification of
lands. In: Nature in Cities, Laurie IC (Eds.), the chromic acid titration method. Soil Science, 37:
Chichester, New-York. 29-38.

TACKHOLM, V. 1974. Students, Flora of Egypt, 2" WITTIG, R. 1991. Okologie der GroBstadtflora. Flora
edition, Cairo University Herbarium, Giza, Egypt. und Vegetation der Stadte des nord-westlichen

TER BRAAK, C.J.F. 1994. Canonical community ord- Mitteleuropas (Uni-Taschenbi-cher; 587). 261 S.,
ination, Part 1. Basic theory and linear methods, 52 Abb., 45 Tab. Gustav Fischer Verlag, Stuttgart.
Ecoscience, 1: 127-140. ISBN 3-437-20460-2. Preis DM 29, 80.

TER BRAAK, C..F. 2003. CANOCO, Ver. (4.52). ZAHRAN, M.A. AND A.J. WILLIS. 1992. The
Wageningen University and Research Centre, Wag- Vegetation of Egypt. Chapman and Hall, London.

B ALY (3 pd Jlad U iy 8 10a Jil gal B g gall (ailiad g (g sl bl pUsid) LSalins CiliSind
el

20..}“; A’.ud Jl:gl $]u.'\ﬂ\ LS AAM);\SA
12613 seaa ¢ ) 3 ,all daala ca shell 4 ¢ o o) g5 ySaall 5 ) ad!
11757 san Al (uad (e Anala i) AS dn ol gual) g dn sl gl o glall and?

i oad) padlal)

Ay el 48530 o)yl 8 Lt SLE3) 3 il pme Colione (o8 Albaal) 5 sall Ay i) il 5 o sl a1y A8 s
4adl 5 (Aadliall o) ynall 5 Alegal) aial 315 7 5 pall 5 Al il (5o1an) Lpnssd 5 J3 g Ayl 8 Uity Slale 13 cpasni 5 La 50 66 gose JDA (0 Sl
44 5 e & 5563 516 e Ul 138 i Cun cpust Ml 5 5l 45 S Lo 53 249 Alnnsdl) il Mas) il 85 ol sall slails Gaall Jala
o) saaall o (125 143) Dl jaall @ihaal) Ll (B 58 173) Lo s Jilsal) STz 5 pall S 2 al) il il s SasY) (e sl 4 5 Lilia Bl
A ) il sl 8l g g a3 Al gl Qo 5 A e sana die A 30n &5 (18 53 39) Alagall ol Y1 5 (& 53 62) dedliall
Gle sane Of Glo Ju s (DCA) 4nsall e i) sty (alall Gllil gie Uasi (CCA) posil) 4l st il 2l al) Jas
Aoy dysnall 3 sally Amganll A s cpllly By Uil Adatise Gl giia G U R g sall e s el cllall/clie )
Lansi g Ay gumall ol gall 5 Am gen) s 50 Jai 5 Alagal) aad SV 8 As glall Al /e lall Zomall Al e samall s € o guuallSl g i g )

el s o) i Aadlial) o) paall 8 Al bl g 53 Laiy ¢l ) oIS 5 gals sl

38



