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Abstract

The relationship between vegetation and soil supporting the habitats in 4 new industrial cities from Egypt were assessed. Five main

habitats were distinguished from inner city toward outskirts: lawns, home gardens, public gardens, waste lands and desert outskirts. After

application of Twinspan, 26 vegetation groups were identified in the 5 recognized habitats, demonstrating that some groups are

characreristic of a certain city, e.g. Asphodelus aestivus - Deverra tortuosa - Thymelaea hirsuta group was confined to the desert habitat of Burg
El-Arab city; Thymelaea hirsuta - Linaria albifrons and Atriplex halimus - Atriplex lindleyi subsp. inflata - Suaeda vermiculata - Typha
domingensis groups were found in the waste lands of Burg El-Arab city; Conyza bonariensis - Cynodon dactylon - Sonchus oleraceus group in the

home garden habitat of 10" Ranadan city; Cynodon dactylon group in the lawns of Burg El-Arab city; Bassia indica - Plantago major group in

the public gardens of Burg El-Arab city; Oxalis corniculata - Plantago lagopus group in the public gardens of 10* Ramadan city; Sonchus

oleraceus - Cynodon dactylon and Dactyloctenium acgyptium - Leptochloa fusca - Phragmites australis groups in the public gardens of 6o

October city. Silg, clay, organic matter, carbonates and carbon contents showed significant differences among the 5 habitats.

Keywords: CCA, diversity, flora, soil-vegetation relationships, synanthropic vegetation, Twinspan, urban ecology

Introduction

The ecological approach considers a city as an ecosystem
characterized by its history, structure and function, including
both biotic and abiotic components, as well as the cycling and
conversion of energy and materials within it. The urban
ecosystem contains diverse assemblages of species and habitats
from the spontancous flora of ruderal habitats to the
decorative flora of managed areas. Consequently, the term
“urban vegetation” refers to all types of spontaneously
occurring and cultivated vegetation in cities (Sukopp and
Werner, 1983). The biogeographical spectrum of species in
cities is very different from that of the surrounding
countryside. Cities also have their own spatial organization
and distinctive patterns of change through time, which result
in patterns of species behaviour, population dynamics and the
formation of plant communities, each of which is specific to
the urban environment (Sukopp, 2002). Several classification
dividing cities into particular urban zones have been proposed
(Hejny, 1971; Klotz, 1987) and relationships of flora and
vegetation to these zones have been repeatedly studied
(Chojnacki, 1991; Goldberg and Gutte, 1988; Pysek, 1978).
Investigations of the flora of whole cities, rather than single
habitats, include lists of species and their systematic,
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biological, ecological and geographic analyses. The current
distribution of plants in urban areas is determined by land
use. Wittig et al (1985) distinguished urbanophilous,
urbanoneutral and urbanophobous species. Anthropogenic
disturbances (created by human activities) include ploughing
mowing, burning, grazing and treading by livestock. The
anthropogenic ~ environments ~ therefore are  generally
characterised by higher thermic ranges and lower moisture
regime than in the buffered microclimates of the climax
vegetation.

Despite increased recognition of the importance of urban
vegetation research (Mucina, 1990) few attempts have been
made to assess the relative influence of ecological variables on
the distribution pattern of urban vegetation. This lack of
urban ecological knowledge means that baseline information
is scarce and that possibility of applying ecological knowledge
in urban planning is limited (Niemald, 1999). Few studies
have tried to relate urban vegetation to environmental factors.
Amongst others, the studies of Klotz (1990) and Pysck
(1993), who found that plant species richness in cities is
highly correlated to population size, can be highlighted.
Effects of land use on vegetation have been investigated in the
city of Plymouth (Kent ¢z 4/, 1999) and in Berlin (Maurer ez
al., 2000). More recently, Dana ¢# al. (2002) studied the
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urban vegetation of Almerfa City in Spain, analysing possible
explanatory factors, such as the type of habitat or the level and
frequency of disturbance. In the opinion of Aey (1990), the
soils of the city centre is made up of filled earth with
anthropogenic admixtures (mortar, bricks, tiles, charcoal,
bone, pieces of metal, glass, rubble, ceramics) generally
ranging from 5% to 30%. In Brussels' flora, a clear
relationship between plant species composition and soil
nitrogen, moisture content reaction FpH), light and
temperature was detected (Godefroid, 2001). However, in
spite of these problems, several plant species are highly
successful in urban settings and these, in combination, may
give rise to distinctive plant communities (Kay, 1977).

In Egypt, the new cities are considered as natural
extension of different Governorates. The essential purpose
for the establishment of these cities is the creation of new
civilized centres, achieving community stability and economic
prosperity, redistribution of population far from Nile Delta
narrow strip, establishment of new attraction areas outside
the existing cities and villages and curbing the urban
infringement upon cultivated areas. No investigation took
place in the satellite cities around Cairo, which are still
growing and exhibit very special conditions. As a recent
emergent field of study, and due to lack of information for
plant species development in the urban environments of the
Egyptian cities (cither old or new settlements), it make the
classification of synanthropic vegetation not possible as it
took several years of study and calculations (e.g. in Europe it
took many years of investigation and special projects were
adopted for this task). Until today, the study of natural
ecosystems in Egypt has been the main field of scientific
interest from the botanical and ecological aspects. In contrast,
the study of the vegetation structure and floristic composition
in urban environments was poorly documented. Earlier
studies on the synanthropic vegetation were carried out by
Hejny and Kosinova (1978) in Cairo city. The synanthropic
flora of ten new settlements built between 1969 and 1979 on
sandy regosol soils in Northeastern Sinai (Egypt) was
analyzed by Danin ez 4/ (1982). Shaltout and El-Sheikh
(2002) studied the vegetation of the urban habitats in the
Nile Delta region (Egypt), where eight major types of habitat
(grave yards, demolished houses, abandoned fields, wet and
dry refuse areas, railway yards, motor roads and railways) were
recognized in the studied area. Also, the flora of gardens and
flowerbeds of El-Qanatir Public Park (south Nile Delta) was
the subject of El-Sheikh ez 4l (2004) study. Hamdy e# al.
(2007) presented the current status of major six botanical
gardens  established during the 19" century in the
metropolitan region of Cairo, addressing their area, land use,
landscape architecture and the taxonomic diversity of the
species growing in each garden.

Application of quantitative and multivariate analysis
techniques in expressing the relationships between the
vegetation and environment in the urban cities, whether
industrial or not, and their habitats, was pronounced. A
quantitative analysis of the flora and plant communities of a
representative midwestern urban area in Ohio town (US) was
investigated by Whitney (1985). A classification of the sites
by Twinspan revealed the existence of three major
community types (residual, managed and ruderal) and a
variety of minor community subtypes, while ordination
yielded several major axes: an inner city—rural dichotomy, a
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gradient related to soil compaction and a gradient based on
the nutrient status of the site. The study concluded that many
of the ruderal communities were American analogues of the
plant communities, common to urban areas in central
Europe. Data on the urban land use composition were then
used as environmental variables in an ordination of the data
through the Canonical Corresponding Analysis (CCA) to
establish the principal land use gradient determining
variability in the species data. The application of both,
Twinspan and Decorana, to vegetation data of 405 stands
representing the variation in eight major types of habitat in
the Nile Delta region of Egypt (Shaltout and El-Sheikh,
2002), resulted in 25 vegetation groups that were recognized,
and moisture, pH, fertility and texture gradients were
indicated for each.

In a previous work, Abd El-Ghani ez 4/ (2011) studied
the plant species distribution and spatial habitat
heterogeneity in the landscape of 4 new cities in the
urbanizing desert ecosystems Egypt: 6™ of October, El-Sadat,
Burg El-Arab and 10" of Ramadan. Twenty-two Twinspan
vegetation groups in the cities were identified and 26 in the
five habitats were clearly separated along the first two axes of
DCA.

This investigation aims at comparing the floristic
composition in different habitats and assessing the soil
variables affecting species distribution in each habitat.

Materials and methods

The study areas

This study will focus on four of the first (oldest)
generation (established between 1977-1982) of new cities
from Egypt that can be organized into two deserts: (a)
Western Desert, which includes 6™ October, Sadat and Bur:
El-Arab Cities, and (b) Eastern Desert, which includes 10
Ramadan City (Fig. 1). More information about the study
sites was presented in Abd El-Ghani ez 4l. (2011).

MEDTERRANEAN 31]00  SEA 3600

ALEXANDRI . \
Burg El-Arab \

El-Sadat® @10"Ramadan

26100

6" Octoberg CAIRO

Fig. 1. Location map showing the four studied cities (o): 6%
October, El-Sadat, Burg El-Arab and 10* Ramadan
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Vegetation sampling

Several field trips to the four cities (6" October, El-Sada,
Burg El-Arab and 10* Ramadan) were undertaken. Stratified
random sampling technique was employed (Ludwig and
Reynold, 1988). Generally, five main habitats were
recognized in all cities under investigation: the desert, the
waste lands, the home gardens, the lawns and the public
gardens. A total of 165 permanent stands (20 x 20 m) were
selected to represent the apparent variation in the 5
recognized habitats. These stands were distributed as follows:
28 in the desert, 23 in the home gardens, 26 in the lawns, 49
in the waste lands, and 39 in the public gardens. Within each
habitat, a number of stands were selected. During each visit,
the stands were surveyed and a list of species was recorded.
The data were compiled in a raw table containing all the
recorded species based on the presence or absence of species
for each city. Also, the data were classified according to the
prevailing habitats in each city, based on the presence or
absence of species. Identification of species was carried out at
the herbarium of Cairo University (CAI). Taxonomic
nomenclature and life growth forms of each species were
according to Tackholm (1974) and Boulos (1995, 1999,
2000, 2002 and 2005).

Soil sampling and analysis

Three soil samples were collected from each stand at a
depth of 0-50 cm. These samples were then pooled, forming
one composite sample, air-dried, thoroughly mixed and
passed through a 2 mm sieve to remove gravel and debris,
then packed in paper bags, ready for physical and chemical
analysis. Three replicates were analyzed for each sample
measurement. Soil moisture content was estimated by drying
at 105 °C, then the percentage of soil moisture was calculated
based on dry weight of the soil (Kaupur and Govil, 2000).
Soil texture was determined by the sieve method (Allen ez 4.,
1974). A known weight of air-dried soil was shaken through a
set of sieves and then, the percentages of sand (coarse,
medium and fine), silt and clay were calculated. Organic
carbon and organic matter were estimated by ignition
method (Allen e al, 1974). The percentage of total
carbonate content (COs) was determined using IN HCI
(Jackson, 1967). Soil-water extracts (1:5, w/v) were prepared
for the determination of soil reaction (pH), total soluble salts,
chlorides (Cl), bicarbonates (HCO3) and sulphates (SOx).
Soil reaction was estimated by using a pH-meter which was
calibrated before each measurement. The electrical
conductivity was measured by electric conductivity meter
then the percentage was calculated (Allen ez al, 1974).
Chlorides were estimated by direct titration against 0.01N
AgNO:; solution using 5% potassium chromate as an
indicator (Hazen, 1989). Bicarbonates were estimated by
titration against 0.IN HCI using methyle orange as an
indicator (Maff, 1986). Sulphates were determined
turbidimetrically as barium sulphate at 470 nm (Verma ez L.,
1977).

Data analysis

In order to obtain an effective analysis of the floristic
composition and related environmental factors, both
classification and ordination techniques were employed. Five
data matrices were used: in the desert habitat (28 stands x 123
species), in the waste lands habitat (49 stands x 172 species),

in the home gardens habitat (23 stands x 113 species), in the
lawns habitat (26 stands x 104 species) and in the public
gardens habitat (39 stands x 133 species). Each floristic data
matrix was then subjected to classification by Two-Way
Indicator Species Analysis (Twinspan) using the default
settings of the computer program PC-ORD for Windows
version 4.14 (McCune and Mefford, 1999). In this study, the
default option of the computer program Canoco software
version 3.12 (Ter Braak, 1987 and 1990) was used for all
ordinations. The relationships between vegetation gradients
and the studied environmental variables can be indicated on
the ordination diagram produced by CCA biplot. A Monte
Carlo permutation test (499 permutations; Ter Braak, 1986
and 1990) was used to test for significance of the eigenvalues
of the first canonical axis. Inter-set correlations from the
CCA’s were therefore used to assess the importance of the
environmental variables (Jongman ez al., 1987).

All data variables were assessed for normality (SPSS for
Windows version 10.0) prior to the CCA analysis and
appropriate transformations were performed when necessary
to improve normality according to Zar (1984). Fourteen
environmental variables were included: moisture content
(MC), soil reaction (pH), total soluble salts (TSS), chlorides
(CI), total carbonates (CO3), bicarbonates (HCO:3), organic
carbon (C), organic matter (OM), sulphates (SO4), coarse
sand (CS), medium sand (MS), fine sand (FS), silt and clay.
The Twinspan vegetation groups were subjected to ANOVA
(One-Way Analysis of Variance), based on soil variables, to
find out whether there were significant variations among
groups. Analysis of variance provides an insight into the
nature of variation of natural events, which is possibly of even

cater value than the knowledge of the method as such
Sokal and Rohlf, 1981). Pearson’s product-moment
correlation coefficient was calculated to evaluate the
relationship between the environmental parameters. Species
richness (SR) within each separated Twinspan vegetation
group was calculated as the average number of species per
stand. The Shannon-Wiener diversity index was calculated
from the formula A’=-XPi InPi (Pielou, 1975), where: H’ is
Shannon-Wiener diversity index and Pi is the presence of the
it species.

Results

Species distribution within habitats

Five main urban habitats (from inner city toward
outskirts) were distinguished: lawns, home gardens, public
gardens, waste lands and desert outskirts. The most species-
rich habitat was the waste lands (172 species), while the total
number of species varied from 104 in the lawns and 113
home gardens, to 123 in the desert and 133 in the public
gardens (Table 1). Annuals constituted the main bulk of the
flora. They showed remarkable occurrence (>50% of the
flora) in home gardens (60.2%), followed by public gardens
(55.6%) and lawns (52.9%). Perennial herbs and woody
perennials dominated in the desert habitat (33.3% for the
former and 31.7% for the latter) than in any other habitats.
Asteraceae, Poaceae, Chenopodiaceae and Fabaceae were the
most species-rich families and their species were represented
in all habitats (Table 1). These families constituted >50% of
the recorded flora in the lawns and public gardens habitat,
and were equally represented in the desert and home gardens.
Species of some families showed notable presence in certain
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habitats, e.g,, Zygophyllaceae in the desert and home gardens,
Boraginaceac in the desert, Cyperaceac in lawns and
Convolvulaceae and Apiaceac in the waste lands.

In the desert habitat, Bassia indica, Aizoon canariense,
Bassia muricata, Senecio glaucus and Zygophyllum simplex
were among the most important annuals. Whereas Launaea
nudicaulis, ~ Hyoscyamus — muticus,  Polycarpaca  repens,
Stipagrostis plumosa and Cynanchum acutum subsp. acutum
were among the common perennial herbs, Deverra tortuosa,
Tamarix nilotica, Farsetia aegyptia and Pulicaria undulata
were the most important woody perennials. In the home
gardens, among the most important recorded annuals were
Eragrostis  pilosa, Conyza bonariensis, Malva parviflora,
Sonchus oleraceus and Bidens pilosa. As for perennial herbs,
Cynodon dactylon, Cenchrus ciliaris and Plantago major were
the most important ones. Among the important woody
perennials were Ficus nitida, Dodonaea viscosa, Nerium
oleander and Phoenix dactylifera. For the lawns, Conyza
bonariensis, Portulaca oleracea, Malva parviflora, Amaranthus
lividus and Plantago lagopus were of common annuals.
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Cynodon dactylon, Cyperus rotundus, Cenchrus ciliaris and
Convolvulus arvensis were among the most important
perennial herbs, while Nevium oleander and Delonix regia
were the most common woody perennials. In the waste lands,
Bassia indica, Sonchus oleraceus, Conyza bonariensis, Malva
parviflora, Chenopodium murale and Amaranthus lividus
were the most important annuals. Perennial herbs included,
amongst others: Launaea nudicaulis, Cynodon dactylon and
Imperata cylindrica, Cenchrus ciliaris and Cynanchum acutum
subsp. acutum. Woody perennials exhibited xerophytic nature
such as Tamarix nilotica, Pluchea dioscoridis, Deverra tortuosa
and Farsetia aegyptia. Among the most common annuals in
the public gardens, Eragrostis pilosa, Comyza bonariensis,
Malva parviflora, Plantago lagopus, Amaranthus lividus and
Sonchus oleraceus occurred. Whereas Cynodon  dactylon,
Cenchrus  ciliaris, Convolvulus — arvensis, Dichanthium
annulatum and Plantago major were the most important
perennial herbs, Ficus nitida, Delonix regia, Nerium oleander,
Phoenix  dactylifera and  Pluchea  dioscoridis were the
important woody perennials.

Table 1. Summary of the floristic structure in the 5 habitats: D=Desert, HG=Home gardens, L=Lawns, WL=Waste lands and PG=Public gardens. Figures

between parentheses are the percentages of the total, NS=Not significant numbers

Habitats D HG L WL PG
Total number of stands 28 23 26 49 39
Total number of species 123 113 104 172 133
(I) Growth forms
i) Annuals 43(35.0) 68 (60.2) 55 (52.9) 80 (46.5) 74 (55.6)
ii) Perennial herbs 41(33.3) 25(22.1) 33(31.7) 50 (29.1) 34(25.6)
iii) Woody perennials 39 (31.7) 20(17.7) 16 (15.4) 42 (24.4) 25(18.8)
(IT) Species-rich families
Asteraceae 23 12 12 26 16
Poaceae 19 27 28 28 31
Chenopodiaceae 12 5 5 13 6
Fabaceae 6 11 10 12 14
Brassicaceae 5 5 NS 8 6
Euphorbiaceae NS NS 5 7 8
Zygophyllaceae 4 8 NS NS NS
Boraginaceae 4 NS NS NS NS
Cyperaceae NS NS S NS NS
Convolvulaceae NS NS NS S NS
Apiaceae NS NS NS S NS

Classtfication of the vegetation

Application of Twinspan yielded 26 vegetation groups in
the identified habitats (Fig. 2) which were described as
follows: in the desert habitats: (A) Asphodelus aestivus -
Deverva tortuosa - Thymelaea hirsuta, (B) Anabasis articulata,
(C) Tamarix nilotica, and (D) Forsskaolea tenacissimas in the
waste lands: (A) Thymelaea hirsuta - Linaria albifrons, (B)
Cynodon dactylon - Malva parviflora - Polypogon monspeliensis
- Sonchus oleraceus, (C) Bassia indica - Launaea nudicanlis,
(D) Convolvulus lanatus - Deverra tortuosa - Launaea
nudicaulis, (E) Imperata cylindyica - Alhagi graecorum, and (F)
Atriplex halimus - Atriplex lindleyi subsp. inflata - Suaeda
vermiculata - Typha domingensis; in the home gardens: (A)
Cynodon dactylon, (B) Conyza bonariensis - Cynodon dactylon

- Sonchus oleraceus, (C) Cynodon dactylon - Eragrostis pilosa,
(D) Bidens pilosa - Eragrostis pilosa, and (E) Dactylocteninm
aegyptium - Portulaca olevacea; in the lawns: (A) Cynodon
dactylon - Portulaca oleracea, (B) Cynodon dactylon - Nerium
oleander - Plantago lagopus, (C) Cynodon dactylon, and (D)
Hordeum  murinum - Melilotus  indicus - Trifolium
resupinatum; in the public gardens: (A) Bassia indica -
Plantago major, (B) Cenchrus ciliaris - Digitaria sanguinalis,
(C) Cynodon dactylon, (D) Oxalis corniculata - Plantago
lagopus, (E) Malva parviflora - Sisymbrium irio, (F) Sonchus
oleraceus - Cynodon dactylon, and (G) Dactyloctenium
aegyptium - Leptochloa fussca - Phragmites australis.

Table 2 indicated that none of the characteristic species
was recorded in all the recognized habitats. Six species
(Asphodelus  aestivus, Gymnocarpos  decandrus, Anabasis
articulata, Calligonum polygonoides, Cyperus alopecuroides and
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Forsskaolea tenacissima were confined to the desert habitat
with presence values that ranged between 50% and 100%.
Whereas two cultivated plants (Ficus nitida and Zea mays)
and the annuals grass (Poa annua) chatacterized the home
gardens with equal presence values (75%), a group of 6 species
(Anagallis arvensis var. arvensis, Lotus glaber, Akocanthera
oblongifolia, Convolvulus arvensis, Hordeum murinum and
Melilotus indicus) constituted the characteristic species of the
lawns habitat with presence values that varied between 66.7%
and 100%. Eleven species showed consistency to the waste
lands habitat, of which 7 species with presence values 100%
(Linaria albifrons, Nicotiana glanca, Convolvulus lanatus,
Imperata cylindrica, Atviplex lindleyi subsp. inflata, Atriplex
halimus and Typha domingensis). In the public gardens, 5
species (Ficus elastica var. decora, Digitaria sanguinalis, Oxalis
corniculata, Leptochloa fusca and Phragmites australis) out of
the characteristic 8 species attained their highest presence
values of 100%.

Apart from the desert habitat, Cynodon dactylon and
Malva parviflora exhibited high performance (presence values
71.4-100%) in the other recognized habitats. The occurrence
of Conyza bonariensis, Cenchrus ciliaris, Amaranthus lividus,
and Portulaca oleracea in the home gardens, lawns and public
gardens habitats with high presence values (71.4-100%) was
remarkable (Table 2). Six common weeds showed higher
performance in the home gardens and the public gardens
habitats; Chenopodium murale, Sisymbrium irio, Eragrostis
pilosa, Bidens pilosa, Plantago major, and Dactyloctenium

aegyptium.
D
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Fig. 2. The 26 vegetation groups ylelded after the application
of Twinspan for classification of vegetation in the five habitats:
D=Desert, HG=Home gardens, L=Lawns, WL= Waste lands,
and PG=Public gardens

Soil characteristics of the habitats

Table 3 summarizes the significant differences in soil features
of the S habitats. Differences in fine sand, medium sand and
sulphate contents were insignificant. The highest number (8) of
soil variables with significant differences was in the waste lands
habitats, followed by the desert (7) and the public gardens (6).
Silt, clay, organic matter, carbonates and carbon contents showed
significant differences among the 5 habitats. On the other hand,
coarse sand and bicarbonates and total soluble salts showed
significant differences in the lawns, desert and waste lands,
respectively. Regarding to the species diversity indices, species
richness was highly significant (P=0.007) in the public gardens,
and Shannon index (=0.021) with the desert habitat.

Soil-vegetation relationships of the habitats

The relationship between the vegetation and soil variables
was studied using Canonical Correspondence Analysis (CCA).
Fig. 3 showed the CCA ordination biplots for the studied
habitats with their Twinspan vegetation groups and the
examined soil variables. The inter—set correlations resulted from
Canonical Correspondence Analysis (CCA) of the examined
soil variables in different habitats were displayed in Table 4.

The desert habitat

The species—environment correlations for the four axes,
explaining 52% of the cumulative variance was determined.
CCA axis 1 was positively correlated with total carbonates,
organic carbon, organic matter, clay, silt and bicarbonates and
negatively with coarse sand. So this axis can be interpreted as total
carbonates—coarse sand gradient (Table 4). CCA axis 2 was
positively correlated with moisture content and negatively with
chlorides. Thus, this axis can be interpreted as moisture content-
chlorides gradient. Monte Carlo permutation test (499
permutation) for the eigenvalue of axis 1 found to be significant
(P=0.05), indicating that the observed patterns did not arise by
chance.

The waste lands habitat

The species—environment correlations explained 47.7% of
the cumulative variance for the first four axes. CCA axis 1 was
positively highly correlated with total carbonates, organic
matter, organic carbon and moisture content, and negatively
with medium sand. This axis can be defined as total carbonates-
medium sand gradient. CCA axis 2 was positively correlated
with coarse sand and negatively with clay, silt and fine sand.
Thus, this axis can be defined as coarse sand-clay gradient.
Monte Carlo permutation test (499 permutation) for the
eigenvalue of axis 1 found to be significant (£=0.002).

The home gardens habitat

The species—environment correlations explained 59.7%
of the cumulative variance for the first four axes CCA axis 1
was positively correlated with silt, organic matter, organic
carbon, pH, clay and moisture content, and negatively with
medium sand. So this axis can be defined as silt-medium sand
gradient. CCA axis 2 was positively correlated with pH and
negatively with organic carbon and organic matter. Thus, this
axis can be defined as pH-organic carbon gradient. Monte
Carlo permutation test (499 permutation) for the eigenvalue
of axis 1 found to be significant (P=0.05).
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Table 2. Characteristic species of Twinspan classification for each of the urban habitats studied. Letters between parentheses are the Twinspan vegetation

groups, figures are the highest presence percentage of each species in the habitats’ vegetation groups

Habitars Desert Home gardens Lawns Waste lands Public gardens
Total number of stands 28 23 26 49 39
Total number of Twinspan groups 4 5 4 6 7
Asphodelus aestivus Bort. 100 (A)
Deverra tortuosa (Desf.) DC. 100 (A) 100 (A)
Thymelaea hirsuta (L.) Endl. 100 (A) 100 (A)
Gymnocarpos decandyus Forssk. 80(A)
Suaeda vermiculata Forssk. ex J.F.Gmel. 80(A) 100 (F)
Anabasis articulata (Forssk.) Mog. S0(B
Farsetia acgyptia Turra 50(
Tamarix nilotica (Ehrenb.) Bunge 90 (B
Zilla spinosa (L.) Prantl 50 (
Bassia indica (Wight) A. J. Scott 80(C)
Launaea nudicanlis (L.) Hook. f. 80(C)
Calligonum polygonoides L. 70(C)
Pulicaria undulata (L.) C. A. Mey. subsp. undulata 70(C)
Cyperus alopecuroides Rottb. 100 (D)
Dichanthium annulatum (Forssk.) Stapf 100 (D) 100 (C)
Forsskaolea tenacissima L. 100
Nerism oleander L. 100 (D) 833(B)
Cynodon dactylon (L.) Pers. 100 (A) 100 (A) 714 (B) 100 (A)
Chenopodium murale L. 75(A) 833 (E)
Ficus nitida Thunb. 75(A)
MalvaparvifloraL. 75(A)
Poaannual. 75(A)
Polypogon monspeliensis (L.) Desf. 75(A) 714(B)
Senecio glauca L. 75(A) 66.7 (B)
Sisymbrium irio L. 75(A) 100 (E)
Sonchus oleraceus L. 100 (A) 714 (B) 100 (F)
Conyza bonariensis (L.) Cronquist 100 (B) 75(C) 833(B)
Eragrostis pilosa (L.) P.Beau. 100 (C) 100 (A)
Cenchrus cliarisL. 833(C) 857 (A) 100 (A)
Bidens pilosa L. 100(D) 100 (A)
Plantago major L. 833 (D) 100 (A)
Amaranthus lividus L. 75 (E) 714(A) 833(B)
Dactyloctenium aegyptium (L.) Willd. 75 (E) 100(G)
Portulaca oleracea L. 75 (E) 929 (A) 833(B)
ZeamaysL. 75 (E)
Plantago lagopus L. 83.3(B) 100 (A)
Anagallis arvensis L. var. arvensis 66.7 (B)
Lotus glaber Mill. 100 (B)
Akocanthera oblongifolia (Hochst.) Codd. 75(C)
Convolvulus arvensis L. 75(C)
Hordeum murinum L. 100 (D)
Melilotus indicus (L.) All. 100 (D)
Trifolium resupinatum L. 100 (D)
Linaria albifrons (Sm.) Spreng, 100 (A)
Nicotiana glanca R.C. Graham 100 (A)
Cynanchum acutum L. subsp. acutum 56(C)
Convolvulus lanatus Vahl 100 (D)
Polycarpaea repens (Forssk.) Asch.and Schweinf. 75 (D)
Imperata cylindrica (L.) Racusch. 100 (E)
Albagi graecorum Boiss. 853 (E)
Aprtemisia monosperma Delile 714 (E)
Atriplex lindleyi Moq, subsp. inflata (F.Mull)
P.G.Wilson
Avriplex halimus L. 10
Typha domingensis (Pers.) Poir.ex Steud. 10
Ficus elastica Roxb.ex Hornem. var. decora 100 (A)
Digitaria sanguinalis (L.) Scop. 100 (B)
Echinochloa colona (L.) Link 833(B)
Delonix regia (Bojer) Raf. 643(C)
Owxalis corniculata L. 100 (D)
Bromus catharticus Vahl 83.3(E)
Leptochloa fiusca (L.) Kunth 100 (G)
Phragmites australis (Cav.) Trin. ex Steud. 100 (G)

75(D)

75(C)

75(D)
714(C) 100 (A)
100 (C)

75(D)

75(C) 714 (B) 100 (A)

833 (E)
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Table 3. ANOVA Pvalues of soil variables, species richness (SR) and Shannon’s index (H') in the stands representing the groups obtained by Twinspan in all

habitats

Soil variables D HG L WL PG

C A 0.001** 0.003** 0.111 0.001** 0.003**
Clay 0.004** 0.046* 0.572 0.001** 0.035*
COs 0.001** 0.23 0.003** 0.001** 0.001**
oM 0.001** 0.003** 0.111 0.001** 0.003**
Sile 0.003** 0.009** 0.901 0.017* 0.144
Cl 0.574 0.307 0.405 0.001** 0.050*
MC 0.034* 0.421 0.092 0.001** 0.103
pH (%) 0.112 0.591 0.011* 0.136 0.001**
CS 0.227 0.503 0.001** 0.08 0.148
HCO; 0.039* 0.72 0.987 0.731 0.242
TSS 0.293 0.39 0.629 0.030* 0.204
ES 0.404 0.379 0.137 0.172 0.527
MS 0.463 0.426 0.092 0.332 0.162
NeX v 0.835 0.244 0.461 0.193 0.335
SR 0.199 0.957 0.059 0.357 0.007**
H' 0.021* 0.952 0.439 0.314 0.082

D=Desert, HG=Home gardens, L=Lawns, WL=Waste lands and PG=Public gardens; MC= moisture content, pH= soil reaction, TSS= total soluble salts, Cl=
chlorides, COs= total carbonates, HCOs= bicarbonates, SO.= sulphates, C= organic carbon, OM=: organic matter, CS= coarse sand, MS= medium sand, and FS= fine

sand; =P<0.05and =P<0.01

The lawns habitat

The species—environment correlations explained 45.9% of
the cumulative variance for the first 4 axes. CCA axis 1 was
positively correlated with carbonates, pH and moisture content
and negatively with fine sand, so this axis can be defined as
carbonates—fine sand gradient (Table 4). CCA axis 2 was
positively correlated with sulphates, chlorides, total soluble salts
and fine sand and negatively with coarse sand. Thus, this axis can
be defined as sulphates-coarse sand gradient. Monte Carlo
permutation test (499 permutation) for the eigenvalue of axis 1
found to be significant (P=0.02).

The public gardens habitat

The species—environment correlations (Table 4) for the four
axes, explained 46.2% of the cumulative variance. CCA axis 1
was positively correlated with coarse sand and negatively with
total carbonates, silt, clay, total soluble salts and chlorides. So this
axis can be defined as coarse sand - total carbonates gradient.
CCA axis 2 was positively correlated with medium sand and
negatively with organic matter, organic matter, pH, silt, moisture
content and clay. Thus, this axis can be defined as medium sand-
organic matter gradient. Monte Carlo permutation test (499
permutation) for the eigenvalue of axis 1 found to be significant

(P=0.004).
Discussions

The 26 vegetation groups that were identified in the 5
recognized habitats after application of Twinspan
demonstrated that some groups characterized the vegetation
of a certain city, e.g. Asphode[us aestivus - Deverva tortuosa -
Thymelaea hirsuta group was confined to the desert habitat of
Burg El-Arab city; Thymelaea hirsuta - Linaria albifrons and
Atriplex halimus - Atriplex lindleyi subsp. inflata - Suaeda
vermiculata - Typha domingensis groups in the waste lands of
Burg El-Arab city; Conyza bonariensi - Cynodon dactylon -
Sonchus oleraceus group in the home garden habitat of 10"
Ranadan city; Cynodon dactylon group in the lawns of Burg
El-Arab city; Bassia indica - Plantago major group in the
public gardens of Burg El-Arab city; Oxalis corniculata -

Plantago lagopus group in the public gardens of 10* Ramadan
city; Sonchus oleraceus - Cynodon dactylon and Dactyloctenium
aegyptium - Leptochloa fusca - Phragmites australis groups in the
public gardens of 6" October city. Comparable vegetation
groups were also recognised in the orchards of Siwa Oasis (Abd
El-Ghani, 1994) and in the date-palm orchards of Feiran OQasis
(Abd El-Ghani, 1998). Yet, different vegetation groups were
recognized by El-Sheikh er 4l (2004) in the gardens and
flowerbeds of El-Qanatir Public Park (south Nile Delta). In
addition, the species richness of the urban habitats in the studied
cities (11-22 species stands™) was nearly the same as in the Nile
Delta region (11-19 species stands’; Shaltout and El-Sheikh,
2002) but higher than that of the weed communities of the
common crops in the agricultural land of the Nile Delta (8-12
species stands’; Shaltout and El-Fahar, 1991). In this study, the
most common recorded weeds in the lawns, home gardens and
public gardens habitats were in consistent with those of Egypt
(Boulos and El Hadidi, 1994; El Hadidi and Kosinova, 1971).
Apparently, the preponderance of weed flora in the
aforementioned habitats was noticed. A slight difference from
this framework was reported by Danin e 4/ (1982) who
analysed the synanthropic flora of ten new settlements in NE
Sinai. They demonstrated that Comyza canadensis, Conyza
bonariensis, Amaranthus gracilis, Digitaria sanguinalis and
Portulaca oleracea subsp. nitida were the most common weeds in
those areas. The synanthropic flora of NE Sinai displayed a
greater similarity to the weed flora of new settlement on the Gulf
of Aqgaba, than to that of the Bedouin and monastery gardens of
the Sinai mountain range and to that of Egypt.

Environmental factors that determined plants species
distribution in the urban habitats were scarcely studied. In this
study, the application of Canonical Correspondence analysis
(CCA) revealed that soil carbonates (CO3)-sand content was the
principal gradient along which the vegetation groups of the
desert, waste land, lawns and public garden habitats were
distributed, whereas contents of sand and silt affected the home
gardens. Other gradients vary from one habitat to the other:
moisture content-chloride in the desert, sand-clay in waste lands,
pH-organic matter in home gardens, sulphates-sand in lawns and
organic matter-sand in public gardens.
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Table 4. Inter—set correlation of CCA analysis for the soil variables, together with cigenvalues and species—environment correlation in the 5 habitats; D=Desert,
HG=Home gardens, WL=Waste lands, L=Lawns and PG=Public gardens. For soil abbreviation, see Table 3

Habitats D HG WL L PG

Axes 1 2 1 2 1 2 1 2 1 2
Eigenvalues 0.85 0.66 0.46 0.39 0.66 0.49 0.43 0.35 0.34 0.27
Species — environment correlations 1.00 091 0.98 0.94 0.98 0.94 0.98 0.95 0.96 0.87
pH 0.34 0.15 0.56 0.35 -0.01 -0.13 0.49 -0.30 -0.39 -0.52
MC 0.47 0.32 0.43 -0.31 0.71 0.24 0.46 0.16 -0.03 -0.49
TSS -0.23 -0.09 0.03 -0.32 0.39 0.21 -0.03 0.40 -0.46 -0.25
Cl -0.15 -0.17 -0.17 -0.02 0.49 0.27 0.08 0.48 -0.35 -0.22
COs 0.98 -0.06 -0.14 0.20 0.89 -0.05 0.72 -0.22 -0.56 -0.36
HCO:;, 0.57 0.18 0.16 -0.15 0.04 -0.05 0.04 -0.03 -0.02 0.30
SO4 -0.02 -0.11 -0.21 -0.28 0.13 0.26 0.07 0.54 -0.24 -0.27
C (%) 0.92 0.10 0.65 -0.42 0.73 0.05 0.04 -0.06 0.24 -0.54
OM 0.92 0.10 0.65 -0.41 0.75 0.03 0.04 -0.06 0.24 -0.54
CS -0.28 0.07 -0.04 -0.38 -0.17 0.47 0.43 -0.60 0.33 -0.19
MS -0.25 -0.10 -0.28 0.10 -0.25 0.33 -0.24 0.29 0.17 0.55
ES 0.23 0.01 0.04 0.31 0.04 -0.40 -0.32 0.39 -0.27 0.00
Sile 0.59 0.00 0.65 0.09 0.46 -0.43 -0.04 0.22 -0.55 -0.51
Clay / 0.62 -0.01 0.48 0.05 0.50 -0.49 0.17 0.23 -0.54 -0.45
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