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HIS study investigated the ccological effects of particulate
pollution from a cement factory on the| vegetation in the western
Mediterranean coastal desert of Egypt. Varjations in vegetation, soil

El-Arab in the east and El-Hammam in the west. The results showed
an obvious decrease in vegetation diversity, in response to cement-
kiln dust pollution, that accompanied by a Bigh dominance attributed
to the high contribution of Atriplex halinjus. Annual species were
found to be more sensitive to cement dust pollution as they all failed
to persist in highly disturbed sites. It is remarkable that cover and
phytomass of Atriplex halimus were increaded greatly in response to
cement dust pollution, and this was accompanied by a reduction in the
mature seeds and leaf-area of the plant. The|few seeds of the affected
individuals seemed to be more fertile and atlained higher germination
percentages and exhibited hardening against drought stress.

Keywords: Cement dust pollution; Atriplex halimus; alpha diversity.

In the recent years, the definition of air pollution has| been broadened, and
research activities are expanding to include analysis of plant responses to a wide
range of  atmospheric chemicals emitted from anthropogenic sources. Plants in
desert ecosystems ofien receive chemical inputs mostly from atmospheric
deposition. Cement dust emitted from cement factories is qonsidered to be one of
the main sources of air pollution that greatly affect plant growth, phytomass and
productivity (Prasad & Inandar; 1991, Misra et al. 1993 and Winner 1994),
species composition, cover and biodiversity (Marlin & Nilsa 1992, Ayyad &
Fakhry 1996 and Hegazy 1996), beside its major effefts on soil properties
(Adamson et al. 1994, Mandre 1997 and Mandre ef al. 1998).

Air pollution, occurring at varying temporal and spatial scales, plays an
important functional role in many types of vegetation (Mackenzie & El-Ashry
1989). There are few studies, which monitor the impacts of cement dust
accumulation on the vegewtion and soil seed banks in Egypt (e.g. Migahid & El-
Darier 1995 and Hegazy 1996). Cement dust is largely made up of cement-kiln
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dust that is a by-product and is usually stored as waste in open-pit, unlined
landfills. According tq Wilson & Anable (1986), Portland cement-kiln dust was
found to be composefl of finely ground cement raw materials (CaCO; and
Na;50,). Many studieb (e.g. Adamson ef al. 1994 and Mandre ef al. 1998) noted
that the particles off cement deposits were quite alkaline making soils
neighboring cement factories, e specially d own-wind areas, e xhibit elevated pH
levels which in tum affect vegetation growth, decreasing rates of photosynthesis,
respiration, transpiratiqn and growth rate (Farmer 1993, Hegazy 1996 and Sharifi
et al. 1997). Dust accumulation from limestene cutting seriously affects the
vegetation composition of some plant communities on Abu-Sir ridge in the
western desert of Egypt (Migahid 2000).

The present study gims at mvestigating, the ecological effect of cement-kiln
dust pollution produced by a cement factory on the diversity of the surrounding
natural vegetation in the Egyptian western Mediterranean region (between Burg
El-Arab and El-Hammam), and assessing the responses of Atriplex halimus, as a
dominant species in the study area, to such air pollutant.

Material and Methods

Study area . _

The study area is Jocated in the western north desert of Egypt between Burg
Fl-Arab in the east and El-Hammam in the west (48 and 55 km west of
Alexandria: Fig. 1). The study area belongs to the arid climate with mild winter
and warm summer.- ual rainfall averages about 150 mm and falls mostly
during winter. '

MEDITERRANEAN SEA

The study area

Fig.1. Sketch-map indicating the location of the study site.
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Selection of sites and vegetation records

Four sites were selected at different directions aroymd the cement factory:
south, south-east, east, and west. The north direction was excluded as the soil is
flooded by water. A control site (fifth site} was selected at 9 km far from the
cement factory where the dust load was negligible. The presence of perennial
and annual species was recorded in five stands (50 m|x 50 m) ineachofthe
selected sites. Plant cover was estimated by the line intercept method (Causton

1988). Plants nomenclatwe was according to Tackholm (1974) and Boulos
{1995).

A sample of thirty leaves from Atriplex halimus was randomly collected from
stands in each site and washed gently by distilled watey; the washing water was
collected in a clean pre-weighed beaker. Then water was|evaporated to determine
the weight of washed dust as mg cm of leaf surface area (Stickland 1969). Ten
branches were clipped from mostly equal individual of | Atriplex halimus shrubs
at the selected sites for estimating the dry weight of branches per individual as g.
individual’. One hundred fruits from each individual (2 individuals from each
stand) were collected for the determination of the seeds maturity percentages.

Soil sampling and analysis
Two soil samples were collected in each of the selected stands, from the
surface to a depth of 25 cm. These were air-dried and passed through a 2 mm
sieve to climinate gravel and debris. The soil pH, |EC, CaCOs;, and SO,
estimated by glass electrode pH meter, electrical condugtivity meter, calcimeter,
and precipitation method using barium chloride, respectively (Allen et al. 1974),

Germination experiment '
The collected seeds from affected Atriplex halimus |i
kiln dust, and from unaffected individuals were surface sterilized using 3.0 %
sodium hypochlorite. These seeds were washed with dpuble distilied water, and
germinated on filter papers wetted by water or mannitol solution (100 mM
concentration) in pefri-dishes. Wetting of filter paper in cach petri-dish was
done by adding 6 m] water or mannito! solution for each treatment. The final
germination was assessed after sixteen days. There werg four replicates (each of
10 seeds per dish) for each of the affected and unaffected treatments. The lengths
ofboﬂashootandmotwerenwasuredandtheseed*mgrootlsbootmuowas-
calculated. '

ndividuals with cement-

Application of diversity indices

Five of the alpha diversity indices (diversity withi
were applied on the studied sites (Ludwig &
1988): Species richness (S: straight forward count of the number of species),
Simpson index of dominance (D=} Pi?), and Shannon-Weiner index (H'= Y. Pi In
Pl) where Pi is the rclative importance of the ith ies (its relative cover).
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evenness (El= HY In §) as an attempt to quantify the evenness component of
diversity. When all spegies in the sample are equally abundant, it seems intuitive
that E1 should be maximum value and decreases towards zero as the relative
abundance of species diyerge away from evenness.

Statistical analysis (analysis of variance and LSD) was calculated for the

results by using SAS

soft ware (SAS 1985). The significant results were

represented at two significant levels (highly significant at P<0.0land significant

at P<0.05).

Floristic composition a
The recorded pere

Results

vegetation diversity
ial species in the study area was only nine, seven of

which are shrubby species: Alhagi maurorum, Atriplex halimus, Arthrocnemum

macrostachya, Halocn
and Thymelaea hirsuta
Launaea nudicaulis.

Chenopodiaceae, Apiac
(Table 1).

TABLE 1. The recorded

um strobilaceum, Suaeda pruinosa, D everra tortuosa
, and two are herbacecus species: Jumecus rigidus and
These perennial species belong to six families:
gae, Poaceae, Fabaceae, Asteraceae and Thymelaeaceae

species and thelr life forms In the 5 selected sites (I=south,

2=south east, 3=east, 4=west and S=control).
I_lm Species life_form ___Siw
|Alzascese - 3"-5 -
{CaryophyNaceae hirsuta 35
marina '3
Chenopodiacese macrostachya 1,4,5
halmus 1,2,3,4,5
muricals , 5
strobilaceurn 1.2,3,4
i pruinoss 1.23.4,5
Composites {Asteracese) | orvensis 3,5
; nudiceuks
Cruciferse lyralus 3.5
| longipetala a5
Graminsse (Poaceas) | rubens 5
dichotoma 5
leporinum [
sigicus 4
k cristata 5
- } marginate - 5
| Legivninosae (Fabacsse) | maurcraT 5
T mantina 3.5
Malvaceae parviflora 5
Plantaginacess crypeoides 35
Thymelaeaceae 1 hirsuls 235
Umbaliifarss (Apiacess) | forfuosa .3
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Fifteen annua! species were recorded in the unaffected control site (Table 1),
while only eight species could persist the low level of cement dust pollution in
the eastern direction (site 3). Atriplex halimus is the most dominant species in "
the study area (Table 2). It exhibits a considerably higher cover percentages in
the five selected sites than the other recorded perennial species. Atripiex halimus
exhibits a high relative cover, ranging from 46.4 % to 79.6 % in the polluted
sites, compared with 35.8 % in the control site. The absolute and relative cover
of Atriplex halimus varied considerably with increasing the cement kiln dust
pollution in the study area. Inspection of the data also indicates that only three
species could resist the pollution level e xerted by the c ement factory: A4 triplex
halimus, Halocnemum strobilaceum and Suceda pruinosa. It is also notable that
the herbaceous species Launaea nudicaulis (absolute cover = 0.20 m 100 m™") is
completely missed in the polluted sites. On the other hand, the shrubby species,
Halocnemum strobilaceum is the only species adapted to all the disturbed sites
(absolute cover ranging from 0.15-3.82 m 100 m').

TABLE 2. Absclute (AC: m/100m) and relative cover (RC:%) of the pe}ennial
species recorded in the 5 selected sites.

———

Site
1 2 3 4 [
s& south south-eest st wast Acenntldac
RC |_AC | RC
_ AC ] RC [ AC | RC | AC he | oAC | e
l‘""’w 0.12 181 0.17 2.10 150 [32.12
| Auripiex nadmuss oo Yres0 | 578 |7az2t | 218 |s3a72 | a7 l4sae | 167 fas7e
Deverra lontuoss 0.08 200
Malocnemum stroblaceunt t.31 | 17.16 1.22 | 1549 0.15 274 | 2183 4789
| funcus nigidus an 1.57
Launase nucicauls 0.20 428
s ‘ foaz { 183 | 084 }t081 | 057 |1425 | 097 § 208 J 008 | 171
08 hirsula 006 | o070 | 105 |2820 080 |17.13
‘otel sbsoivte cover 1165 79 402 % a7
Toll Species 4 r % €

It is obvious that Halocnemum strobilaceum and Suaeda pruinosa were
recorded in all the polluted sites with cement kiln-dust, and both Thymelaea
hirsuta and Arthrocnemum macrostachya were recorded in 50% from these
polluted sites. Thymelaea hirsuta exhibited its highest absolute cover (1.05 m
100 m™) in s1te 3, while the highest cover of Arthrocnemum macrostachya is
0.17 m 100 m™ in the western direction (site 4).” Deverra tortuosa and Juncus
rigidus were recorded only at site 3. Both species exhibit very low absolute .
cover of about 0.08 and 0.13 m 100 m™, respectively. Generally, the eastern
direction (site 3) from the cement factory exhibited the lowest total absolute
vegetation cover (4.02 m 100 m’™), while the other three sites exhibited higher
values with a narrow range of variation.

Variations in the results of species diversity indices Table 3 showed a little
relation between site direction from the cement factory and vegetation diversity.
The data also indicating that species diversity shows a slight decrease in the
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eastern Site as compared to the control site. While a considerable decrease in
both diversity and e venness o f s pecies a bundance is noticed in the o ther three
polluted studied sites, accompanied by a considerable increase in dominance as
confirmed by Simpson’s index. Shannon's index estimated the vegetation
diversity in the control and eastern sites as H' = 1.46 and 1.17, while Simpson's
index was (D= 0.26 and 0.37). Hill’s number N2 (the number of the frequent
species) were estimated to equal about four species in the control site and three
in the eastern site. This illustrates considerable high evenness of species relative
abundances in the control (E1=0.81) and eastern (E1 = 0.72) sites.

TABLE 3. Species diversity in the selected sites. D:Simpson's dominance index,
H:Shannon-Weiner index, N2: Hill's number 2, El: Shannon-evenness
and S:Species richness.

Diversity index
Site D " N2 E1 3
South - i 067 | 062 | 1.51 0.45 3
South-east 057 | 079 | 1.76 0.57 4
East 037 | 1.17 | 268 0.72 5
West 044 | 004 | 227 0.58 5
Control 026 | 1.46 | 38 0.81 6

The western site exhibited lower vegetation diversity than that of the eastern
(H' = 0.94), but both sites are similar in species richness (five perennial species
in each of them). Lower vegetation diversity and higher dominance were
observed in sites 1 (H' = 0.62, D= 0.66) and 2 (H' = 0.79, D= 0.57), which were
located in the southern and southeastern directions from the cement factory,
respectively. This high dominance is due to the increase in cover of 4 triplex
halimus. ‘Species richness is reduced to four perennial species in each of the two
sites.

Soil

The soils were alkaline in both the southern and western sites with pH values
of 8.35 and 8.36, respectively, while the eastern and southeastern sites showed
lower pH values of 7.01 and 7.06, respectively (Fig. 2}. The soil salinity, as
depicted by electrical conductivity, was considerably high and ranged from 0.95
to 18.5 mS cm'. It is also notable that the eastern site shows the lowest EC
value (0.95 mS cm™), while the south eastern site shows the highest EC value
(18.5 mS cm™). Calcium carbonate ranges from 40 to 75 %, while sulphate
ranges from 0.66 to 2.43 %. Considerably lower values were again noticed in
site 3 located in the eastern direction from the factory.

R‘ésponses of atriplex halimus to cement dust pollution
Arriplex halimus collected from the four selected sites received different
amount of deposited cement-kiln dust ranging from 0.69 + 0.16 pg cm™of leaf
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area in the eastern site to 2.31 + 1.69 ug cm™ of leaf area in the western site.
These amounts are greater than that of the farthest site from the factory (control
site) that receives 0.21+ 0.09 ug cm? of leaf area of A. halimus (Table 4). Data
shows also that there was no distinct link between location direction from the
cement factory and the leaf area of 4. halimus. The significant difference was
only between the plants of the unaffected site and those of the four studied sites
around the cement factory. L eafarea of A mriplex halimus plants decreased by
about 75% in the polluted sites as compared with the unaffected one.
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Fig. 2. Soil factors cstimated in the 5 selected sites (1=south, 2 = south-east, 3 = east,

4 = west and 5 = control) around the cement factory. The vertical bars are the
standard deviations of the means.

TABLE 4. Responses of A triplex h alimus t o c ement d ust p ollution i n the selected
sites. The values after + the standard deviations of the means. F values
are the results of one-way analysis of variance .

(** = high significant and * = significant).

Site Leat-area{cm®y Mature seeds (%)  |Phytomass/ 'Cament dust
individual (g) _ Juglem®

Sonith 3.6121.43 o 776.25:2.14 1.4250.47
South-sast 2512107 0 757 942208 1.19£0.17
East 267+0.79 20 724.20£1,38 0.60:0.18
Waest 2.03:0.85 a 1324.47£1.70 2.3121.68
Control 8352122 100 28&%1.20 0.210.09

F 2980% 43,07 12383~

LSD 0.5 208.2 0.28

fominance index,
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The variations in branches phytomass of Atriplex halimus (g dry wt
individual) were significant. Phytomass increased with the increase in the
amount of deposited cement dust per leaf-area. The lowest branches phytomass
was recorded in the unaffected site, while the highest was recorded in site 4 that
receives the highest amount of cement dust.

The seeds collected from Atriplex halimus individuals grown in vicinity of
the cement factory (affected plants) differed in maturation than those collected
from individuals grown in the farthest site (unaffected plants). The germination
experiment for affected and unaffected seeds showed a significant difference in
the germination percentages especially under stress condition (100 mM
mannitol). The germination percentages of the affected seeds were generally
higher than those of the unaffected ones (Fig. 3). It is also remarkable that the
germination percentages of the seeds affected by cement dust were reduced by
one third when exposed to water stress (under mannitol treatment), while the
germination percentages of the unaffected ones were reduced by half under stress
using mannitol.

100 “Po= 15.0 LSD=12.13 S=340* Po= 320 LSD=0.38 S=63.0*
m: £S0=12.13 LSD= 038
-~ 80 Gaffected plants s
I @unaffected plants 2 Qath plants
S &0 £ 2 unaffectad plants
% %0 | g2 :
£ 0/ -
E
30 4
; 1
2

:
7§
i
i

.3 - 3
po=11.0° LSD=0.24 §= 25~
L8D=024
- @ atfectsd plants . : ‘"":M plants
BAunaffectsd plants ] - cted plants

Root/Shoot ratlo

Seadiirig shoot length (cin)

Fig. 3. Responses of a ffected and u naffected Atriplex halimus seeds to stress with

: mannitol. F values are results of 2-ways analysis of variance (** high
significant and * significant) for the twe different factors: pollution (po) and
stress (), in addition to LSD at P < 0.05.
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The root and shoot lengths (cm) of the seedlings from the seeds affected by
cement dust were increased significantly by about 34.8% and 26.8%,
respectively, as compared with the length of seedlings from the unaffected
control treatment, The present study also reveals that treatment with mannitol
(water stress) resulted in a considerable decrease in both root and shoot lengths
of the emerged seedlings from both the affected and unaffected seeds. The root
and shoot lengths of the affected seedlings, were found, to be reduced by 39.6 %
and 29.9 %, respectively, when e xposed to water stress by mannitol. T he root
and shoot lengths of the unaffected seedlings were also found to be reduced
under mannitol treatment by about 72.4% and 31.5%, respectively. The seedlings
from both affected and unaffected seeds showed a general trend -of reducing
root/shoot ratic when exposed to stress by mannitol treatment, while the
reduction was lowest in case of the unaffected one,

Discussion

Vegetation analysis in the study area revealed that one third of the perennial
species (3 species) could resist the disturbance exerted by the cement factory.
These species are Atriplex halimus, Suaeda pruinosa and Arthrocnemum
macrostachya. Halocnemum strobilaceum was found to adopt post disturbance
condition as it was recorded only around the factory and not in the control site.
The remaining perennial species: Alhagi maurorum, Deverra tortuosa, Juncus
rigidus, Launaea nudicaulis and Thymelaea hirsuta were either completely
disappeared from the disturbed sites or represented by very low species
abundance. There was also a considerable effect of the cement factory on annual
species limiting their presence in the eastern site that received the least amount
of cement-kiln dust, and reducing their richness from fifteen to eight species.

In contrast with some similar studies {e.g. Hegazy 1996 and Igbal & Shafiq
1998), the vegetation cover in the study area is greatly increased in sites received
greater amounits of cement dust. This increase could be attributed to the increase
of cover of some species in response to cement dust pollution, spatially Atriplex
halimus. 1t exhibited a highest absolute cover up to 6.09 m 100 m™! (RC= 79.6
%) in the site 1 as compared with 1.67 m 100 m' in the control site. Atriplex
halimus cover was increased with increasing the cement dust pollution until its
maximum value at medium pollution level it decreased again. At the highest
pollution level the fugitive species Halocnemum strobilaceum attained a high
cover value sharing the dominance with Afriplex halimus. This caused a notable
increase in species diversity in the most polluted site (western site). Airiplex
halimus is a perennial shrub found in semi-arid and arid environment and is
characterized by high morphological and physiological variability. In Egypt,
Atriplex halimus is widely distributed as a wild species. This halophyte is
considered as a valuable source of forage. It is one of the most common indicator
species in Matruh area in terms of abundance and palatability (Heneidy 2002).
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In addition, vegetation diversity is greatly reduced with increasing the cement
pollution level, and consequently high dominance is estimated at polluted sites as
compared with the control site. This could be also attributed to the increased
abundance of Atriplex halimus in response to the increase in pollution level
exerted by the cement factory in the study area. Hegazy (1996) has described
similar phenemenon in other vegetation types in the eastern desert of Egypt. The
prevailing wind evidently distributes cement dust over a great distance,
especially down-wind direction (e.g. south-western direction). The present study
suggested also that the cover values of Thymelaea hirsuta might be affected
greatly with cement dust. The plant persists in site 2 (EC= 18.5 mS cm’') but
disappears from s lightly 1 ower s aline site (site 4, EC= 18 mS cm’) that is the
most polluted site. This may indicate that this species is more sensitive to
cement dust than salinity. In the salinity adapted plant (Halocnemum
strobilaceurm) cover values increased in the most pelluted site with about three
times than in less polluted site 2. It is difficult to relate the detected variations
amongst sites to factors other than cement-kiln dust accumulation.

The present study indicated an observed increase in the amount of cement
dust either deposited on the leaf surfaces of Atriplex halimus or present in the air
around the cement factory. The amount of cement-kiln dust in the study area, as
measured by the High Institute of Health in Alexandria (personal
comnnmicatio%) in stations built in different directions from the cement factory
are: 128 pg m” in the eastern direction, 364 ug m* in the western direction and
133 pg m” in the southem direction.

The variations of soil chemical properties were greatly attributed to cement
dust accummlation such as the increase in soil solution pH, salinity, calcium
carbonate and sulphate contents. In the study area, at the vicinity of the cement
factory e specially in the southern and the western sites, a soil pH of 8.05 was
recorded confirming a slightly alkaline soil. 'Adamson et al. (1994), Mandre
(1997) and Mandre ef all (1998) reported high pH values in soils which
neighboring cement factories, spatially down-wind areas. The electrical
conductivity is increased with increasing the cement dust accurnulation reaching
up to 18.5 mS cm’. Sivakumar & De Britto (1995) also infers that cement dust
pollution causes an increase in soil pH, electrical conductivity and total alkalinity
beside the disturbance of soil texture,

The present study indicated that the cement dust accumulation affected
maturity of Atriplex halimus seeds so as to produce a low mature seeds in the
polluted sites. This observation was also reported for other plant species (Hegazy
1996 and Prasad and Inandar 1991). Despite the fact that increasing intensity of
disturbance (cement dust pollution) decreases the seed rain of Atriplex halimus,
the germination percentage of seeds collected from individuals affected by
cement dust pollution was greater by about 16 % than the germination
percentage of seeds collected from unaffected individuals. The results of the
present study showed also an increase in Atriplex halimus scedling root length
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associated with an increase in root/shoot ratio up to 1.44 in response to cement
dust pollution and up to 1.24 under stress treatment using mannitol. In spite of
cement-kiln dust was found to affect greatly on the seeds maturation, the mature
seeds collected from the affected areas exhibited hardening against mannitol
stress ( water stress). A lso the deposited cement dust on Afriplex halimus plant
shoot reduces leaf-area by about 25%. Phytomass was significantly increased
with increasing the pollution level. Iqubal & Shafig (1998) reported that cement
dust pollution causes significant reduction in the number of leaves and leaf area
of some xerophytic plant species.

Based on the results of the present study and previous similar studies, it could
be concluded that cement factories in arid regions influence both vegetation
diversity and the responses of individual species. The studied plant community
exhibited an obvious decrease in vegetation diversity in response to cement
pollution exerted by the cement factory at El-Hammam area. Annual species
were found to be more sensitive to cement kiln dust pollution, and they failed to
persist in sites subjected to high levels of disturbance. T he lower diversity is
always accompanied by high dominance that could be attributed to the high
contribution of Atriplex halimus in the abundance distribution of perennial
species in the study area. The remarkable increase in Afriplex halimus cover in
response to cement-kiln dust pollution is accompanied by reduction in the plant
sceds maturation, but the few provided seeds by the affected plant individuals
exhibited hardening against water stress, and seemed to be more fertile and attain
higher germination percentages than the unaffected ones. Root/shoot ratio of the
affected seedlings was slightly increased due to the increase in root length. The
present study also reveals that the leaf-area of Atriplex halimus is greatly reduced
with increasing the cement dust accumulation, while the phytomass individual is
increased. Further studies may be conducted in future to provide evidences of
Atriplex halimus responses to ¢ ement-kiln d ust pollution, and to insure natural
recovery after degradation in order to maintain and preserve biological diversity.
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