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Ecophysiological Disturbances in Cotton (Gossypium barbadense L.) and Tomato
(Lycopersicon esculentum Mill.) Plants in Response to CaCO, Dust,
Emitted from Asphalt-Batch Processes

S5.M. El-Darier, R.S. Youssef and M. A. Hemada
Botany Department, Faculty of Science, Alexandria University, Alexandria, Egypt

Abstract: In study area the pH of the soil under cotton and tomato plants was increased by CaCQ, fall-out on the soil
surface. The two species received the maximum deposition of CaCQ, dust {1.09 and 1.64 mg cm™? of leaf surface area
respectively] at plot | {lies directly on the road). This may explain why their growth was significantly retarded at this
plot as compared with plot Il and 11l (40 and 100 m respectively avway from the road). Such reduction in plant growth
had resulted in a significant decrease in fruit yield, which amounted to 54, and 25% respectively relative to plot Ill.
Chlorophyll ‘a’ increased in both plants with the increase in CaCO; dust whereas chlorophyll ‘b’ decreased and the
increase in the first exceeded the decrease in the latter causing an increase in chl a/b ratio.

The percentage increase in N {62%] and K {31%]) in cotton and P {79%] and K (150%] in tomato vas higher in the
vicinity of the road (plot I). The other elements (P, Na, Ca and Mg in cotton; N, Na, Ca and Mg in tomato) shovved
tendency to decrease wvith the increase in CaCO, dust. In this context, the low concentration of Na and high
concentration of K in the two species at the same plot has lead to a decrease in Na/K ratio. Currently, the low Ca®*
content in two species in the vicinity of the road indicate that these plants may bind Ca®* taken in water insoluble form
and can maintain themselves to some extent in CaCO, polluted environment. Mg follovwed the same trend as that of

Ca’+
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Introduction

Atmospheric pollution in Egypt comes mainly from
exaggerated human activities such as wurbanization and
industrialization. In recent years, the extensive increase in
human activities has led to contaminate the food, forage,
vegetable and ornamental plants with different kinds of dust
such as cement dust (Pandey and Simba, 1989 &1990;
Migahid and El-Darier, 1995; El-Darier and Migahid, 1999),
sulfur dust {(Hongfacao, 1989; Mayo et al., 1992) and CaCO,
dust {Migahid and Abdel-Haak, 1994). Dust has adverse
effects on vegetation near roads (Hirano ef al., 1990). There
is an increasing amount of evidence implicating CaCO, dust
influence on plant growth, dry matter production and nutrient
distribution and equilibrium {Abou El-Khair, 1988; El-Darier and
Kasim, 1998). Several studies have also confirmed that
excess CaCO; dust inhibits glycelysis, opening of stomata and
antagonizes the absorption of some nutrients from the soil
such as K and Mg {Zaharopoulou, 1993; Vardaka, 1995). On
the other hand, while low cytoplasmic calcium favour the
energy producing pathways of glycolysis and TCA cycle high
cytoplasmic calcium tend to favour biosynthetic pathways,
including lignin, aromatic compounds, fatty acids and nucleic
acid biosynthesis (Allen and Trewavas, 1987).

Wheeler and Sale {1980] stated that field studies concerning
the response of plants to pollutants are necessary since the
information extracted from bench experiments is not useful in
predicting the potential crop loss because of the nonlinear crop
growth and yield. The vehicle motion on dry, unsurfaced
landscapes creates tremendous amounts of fugitive dust as
soil particles are dislodged and carried into the atmosphere
through environmental actions {Parker, 1978; Cowherd et af.,
1990). The maintenance of highways through asphalt-batch
processes includes spreading out alayer of fine CaCO, bricks
followed by laying down an asphalt layer. A delay in the
immediate support of the second step wiill certainly lead to the
contamination of roadside plants with stormed CaCO, dust
resulting from motor motion. The present study provides a

brief description for the influence of CaCO; dust emitted from
asphalt-batch processes on some growth criteria, fruit yield,
chlorophyll content and element equilibrium of cotton
[{Gossypium barbadense L.} and tomato (Lycopersicon
esculentum Mill.] plants cultivated at El-Bihera province.

Materials and Methods

The present study vvas carried out along a subway branched
from Alexandria-Cairo agriculture highway at 50Km from
Alexandria, south west of Damanhur city, El-Bihera Province
[Fig. 1). The subway extends for about 35 km through a
number of villages. Most of the food and crop species
cultivated on both sides of this subway were subjected to
CaCO; dust emitted from asphalt-batch processes over three
summer months during 2000. All species were more or less
affected, but cotton and tomato plants were strongly damaged
and caused a considerable economic loss for local farmers.
Eight locations vvere selected along the subway, where at
each location three plots were marked at right angles and at
distances 0, 40 and 100 m from the road. At each plot ten
individual plants from each species were randomly selected,
covering the study area.

The total dry weight and dead vegetative and reproductive
parts of the two studied species were determined. The
vegetative parts vwere washed gently in distilled water. The
wvater vwas collected in clean and wweighed porcelain pots, then
evaporated to determine the weight of the wasted dust as mg
cm™ of leaf surface area of the two species. The wasted
vegetative parts vwere divided into two weighed lots. The first
was used to determine the chlorophyll ‘a’ and chlorophyll ‘b’
content on a fresh weight basis according to Moran, (1982).
The second lot was oven-dried at 66 °C, weighed and the
ground material was digested with triple acid reagent
HNO. H.S0, HCIO, 10:1:1 and analyzed for their contents of
P, K, Na, Ca and Mg using an atomic absorption
spectrophotometer. Total N was determined by Micro-Kjeldahl
methods. Three soil samples wvere collected at each plot in
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Fig. 2: Weight (mg cm~? of leaf surface area) of CaCO, dust
deposited on leaves of cotton and tomato plants at
three different plots (1=plot lies directly on the road; I
= plet lies 40 m avvay from the read; Il = plot lies
1 20m awvvay form the road). Different letters at top of
each bar indicate a significant difference at 0.086 lewvel
of probability as evaluated by ARNDWA test.
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each location from the surface to a depth of 30 cm. These
wwere air-dried and passed through a 2mm sieve to eliminate
the grawvel and debris. Soil wwater extracts of 1:5 wwere
prepared and used in the determination of electrical
conductivity [EC) and pH by an electrical conductivity meter
LF B8 anda glass electrode pH meter. Determination of CaCOj,
% wvas carried on air-dried soil samples using a Collins
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ig. 3: Chlorophyll "a* and "b” content (mg g~ fresh weight)
and “alb ratio” as influenced by CaCO,; dust at three
different plots (I=plot lies directhy on the road; Il =
plot lies 40 m awvay from the read; 1l = plot lies 120m
avvay form the road). Different letters at top of each
bar indicate a significant difference at 0.05% level of
probability as evaluated by ANOWA test.

calcimeter of the type described by Wright (1838). All these
procedures followe Allen er &l (1574)

Treatment of data analyses of variance wwere performed using
COSTAT 0.2 statistical analysis softwware to  test the
significance (p = 0.05] of wariation in different groweth criteria
and mineral contents of the tweo studied species.

Results and Discussion

Deposition of CaCO; dust on soil and leaf surfaces of cotton
and tomato plants: In this wvwork, CaCOj; dust wwas found to
cause some changes in soil characteristics (Table 1)
Measurements of soil pH indicated that the soil solution under
cotton and tomate plants in the vicinity of the road (plot 1) weas
alkaline (pH = B.7 and 7.9 respectively], while it was more or
less neutral a5 7.1 and 7.2 far from the road (Plot II; 100 m).
CaCOy% of scil under the two species wvas nearly twice at
plot 1{7.2 and 8.5% respectively] relative to plot Il (2.8 and
3.3% respectively]l. On the other hand, the electrical
conductivity (EC wwas not significantly affected by the amount
of deposited CaCO, dust at the three plots. Similar results
have also been reviewwed recently by Arslan and Boybay
[1880]), Migahid and El-Darier (189B) and H-Darier and
Migahid (1993].

The results of present study suggest that there are spatial
specific changes observed primarily on the significant
[p<0.05] increase in amount of CaCO, dust (1.08 and 1.84
mg cm™? of leaf surface area) deposited on leaf surfaces of
cotton and tomato plants (tomato> cotton] respectively at
plot | {Fig. 21. The amount decreased (0.247, 0.059 mg crm™?2
of leaf surface area for cotton and 0.383, 0.138 mg om~? of
leaf surface area for tomato) as the distance increases from
the road at plots Il and Il respectively. Migahid and
AbdelHaak (1294) stated that lesves of Asphodslus
microcerpus growwn in wicinity of a guarry for limestone
cuttings received higher amounts of CaCO, dust as compared
wvith those at the contrel site. On the other hand, Migahid and
El-Ciarier 11228] and E-Darier and Migahid (1282] reperted
that some halophytic species in salt marshes near a cement
factory at El-Hammam city received much higher amounts of
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Table 1: Variation in CaCO; (%), pH and electrical conductivity (EC) (mmhos/cm]) of seil under cotton (Gossypium barbadense
L.} and tomato {Lycopersicon escufentum Mill.}] plants cultivated on both sides of a subroad branched from
Alexandria-Cairo agricultural highway at El-Bihera province. (Number of locations = 8, Number of plots at each
location =3J.

Parameters Cotton (Gossypium barbadense L.) Tomato [Lycopersicon esculenfum Mill.)

| 1l I} | 1l il

CaCoO, 7.2 6.4 2.8 6.5 6.2 3.3

PH 8.7 8.1 7.1 7.9 7.5 7.2

EC 12.8 13.2 11.9 15.6 14.8 15.1

I, Il and 1ll are plots within each location. |
Il = Plot lies at 40 m distant away from the road

= Plot lies directly on the road

Il = Plot lies at 100 m distant away from the road
Table 2: Effect of CaC0O; dust on some growth characters of cotton {Gossypium barbadense L.) and tomato (Lycopersicon
esculenfum Mill.) plants cultivated on both sides of a subroad branched from Alexandria- Cairc agricultural highway
at El-Bihera Province. (Number of locations = 8, Number of plots at each location =3, Number of individuals at each
plot = 10).

Growth characters Tomato (Gossypium barbadense L.) Cotton (Lycopersicon esculenfum Mill.)

| 1l I} | 1l 1l
Number of FL/Plant 40a 42a 50b Ba 15b 38c
Number of DL/Plant 30a 20b 18b 30a 28a 18b
Leaf live: dead ratio 1.33a 2.1b 2.77c 0.16a 0.53b 2.11c
Number of HF/Plant 22a 48b 71c 3a 9b 33c
Number of DF/Plant BBa 32b 11c 39%9a 29b 5c
Fruit live: dead ratio 0.3%a 1.bb 6.4bc 0.077a 0.31b 6.60c
Total shoot dry 8ba 115b 165c B0a 88b 1.30c
weight (g plant™")
Fruit yield {ton/fed.) Ba 7.8a 11b 1.5a 3.60b 6c

Different letters indicate a significant difference at p< 0.05 as evaluated by one-wway ANOVA.
FL = Foliage leaves DL = Dead leaves HF = Healthy fruits DF = Dead fruits
I = Plot lies directly on the road Il = Plot lies at 40 m distant away from the read

Il = Plot lies at 100 m distant away from the road

Table 3: Effect of CaCO, dust on the concentration (mg g~ 'dry wt.) of some mineral elements and pH of the plant extract
in cotton (Gossypium barbadense L.) and tomate (Lycopersicon esculenfum Mill.) plants cultivated on both sides of
a subroad branched from Alexandria-Cairo agricultural highway at El-Bihera Province. (Number of locations = 8,
Number of plots at each location =3, Number of individuals at each plot = 10).

Growth characters Cotton (Gossypium barbadense L.) Tomato [Lycopersicon esculenfum Mill.)

N 18.16a 12.76b 11.12b 5.8ba 6.76b 14.15
P 1.18a 1.60b 1.90¢ 0.76a 0.66b 0.42
K 21.00a 20.00a 16.00b 156.00a 9.70b 6.00
Na 1.30a 1.90b 4.40c 1.80a 3.70b 5.30
Ca 20.00a 28.00b 34.00c  36.00a 40.00a 74.00
Mg 4.80a 6.00b 8.40c 2.40a 6.00b 12.00
PH of the plant extract 6.0a 6.1a 6.4a 7.4a 7.2a 7.4
Different letters indicate a significant difference at p < 0.05 as evaluated by one-way ANOVA.

I = Plot lies directly on the road Il = Plot lies at 40 m distant away from the read

Il = Plot lies at 100 m distant away from the road

deposited cement dust in the site near the factory relative to Effect of CaCO. dust on growth and chlorophyll content of
the sites far from the factory (5.0, 1.7 and 1.0 yg cm ? of cotton and tomato plants: The maximum deposition of CaCO,

branch surface area respectively). The difference in the
amount of CaCO; loaded on the leaf surfaces of the studied
species {tomato > cotton) in present study may be due to the
effectiveness of the morphological and anatomical peculiarities
of the leaf. Tomato leaves have a thin outer cuticle covered
by two types of trichomes; multicellular hair and glandular
trichomes. The latter type is responsible for secreting a yellow
sticky substance that gives off the characteristic “tomato
plant” smell and catch air-borne dust and fine materials {Rost,
1996). Cotton leaves are relatively rigid, have a thick smooth
cuticle and more supporting tissues than tomato.

dust on plant leaf surfaces at plot | may explain why the
growth of the tvwo studied species wwas significantly (p < 0.05)
retarded as compared to other plots (Il and Ill]). The total shoot
dry weight (g/plant] of the two plants significantly reduced to
about 50% near the road in comparison with plot Il
Nevertheless, records of the number of living and dead leaves
and fruits, live: dead ratio and fruit yield of cotton and tomato
(Table 2} indicated a large increase in dead parts (tomato >
cotton) in response to the increase in CaCO; dust near the
road (leaf live: dead ratic = 1.33 and 0.16; fruit live: dead
ratic = 0.39 and 0.077 respectively) compared to plot Il {leaf
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live: dead ratic = 2.77 and 2.10; fruit live: dead ratio = 6.45b
and 6.60 respectively). Freer-Smith ef al (1997] revievved
that the effect of environmental dust may be physiological by
accelerating the rate of leaf senescence or physical, by
blocking stomatal aperture, thereby reducing the ease of gas
exchange and photosynthetic capacity of the plant. Migahid
and Abdel-Haak {1994 confirmed this idea and attributed the
decrease in growth of Asphodelus microcarpus to the
inhibition of stomatal opening caused by accumulation of
limestone dust on the shoot. In present study the increase in
the percentage of dead leaves of cotton and tomato plants (43
and B86% of the total leaves respectively) near the read had
resulted in a great reduction in fruit yield (54 and 25 % relative
to plot Il respectively).

These findings confirmed the results of Sai et al {1987). Field
cbservations showed that cotton plant carries a great humber
of capsules which become dry and are rapidly dropped which
means that CaCO; dust affect the rate of capsule senescence.
Maoreover, tomato exhibited a deformed shape of berry (too
small, thin and longl, which may be due to the physiological
effect of CaCO, dust on the growth and the elastic properties
of cell wall (Mayo et al, 1992]. A covering of dust on leaf
surfaces increases leaf temperature [Hirano et al, 1995} and
water loss (Fluckinger et al., 1979], while decreasing carbon
dioxide uptake (Hirano ef al., 1995). Moreover, Larcher {1998)
stated that with high leaf temperature the rate of
photosynthesis falls off sharply, and at the same time the
intensified rate of respiration frees large amounts of CO..
These physiological changes suggested that vegetation and
cultivated crops around unsurfaced roads are susceptible to
chronic decreases in photosynthesis and growth which may
eventually lead to an economic loss and accelerated the
erasion problems from the damage of cultivated crops and the
lack of adequate roadside vegetative stabilization.

As far as the effect of CaCO; dust on photosynthetic pigments
of cotton and tomatoe plants is concerned, the present data
indicated that while chlorophyll ‘a’ increased in both plants
with the increase in CaCQ, dust, chlorophyll ‘b’ decreased and
the increase in the first exceeds the decrease in the latter
causing an increase in chl a’b ratio (Fig. 3). The increase in chl
‘a’ in plot | was 60 and 106% while the decrease in chl ‘b’
amounted to 38 and 54 % in the twwo species respectively in
comparison with plot 1l which indicate the sensitivity of chl ‘b’
to CaCO; dust. Our results are consistent with those of
Migahid and Abdel-Haak (1994} with regard to CaCO; dust
and in contradiction with those found by Pandey and Simba
{1990]), Prasad and Inamdar {1990), Migahid and El-Darier
{19956}, and El-Darier and Migahid (1999} about the effect of
cement dust on some wild and cultivated plant species. The
two chloroplast enzymes, fructose-1, B-bisphosphatase and
sedoheptulose-1, 7-bisphosphatase are highly sensitive to
calcium in which catalytic activity following activation is
inhibited by excess calcium wwhich means that the chloroplastic
isozymes may be regulated by cytoplasmic calcium (Allen and
Trewavas, 1987). At this context, it is interesting to mention
that chl 'a’ is much more tolerant to CaCO, dust than ‘b’
which is more sensitive for both types of pollutants (cement
& CaCOs and the reduction in plant growth might not be
attributed to pigment content. The deficiency in some
chlorophyll fractions sometimes occurs when the mineral
balance in leaves has been disturbed. MNevertheless, the
deposition of CaCO, dust on leaf surface may cause
breakdown of some chloraphyll fractions (Larcher, 1998). The
suppression in the two chlorophyll fractions of Picea abies in
response to ozone fumigation is supported by data provided by
Robinson {1991).

H

Effect of CaCO, dust on nutrient equilibrium in cotton and
tomato plants: The results listed in Table 3 indicate that the
concentration (mg/g dry vveight) of some mineral elements in
shoots of the studied plants at plot | achieved high increase
percentages relative to plot Il in N {62%]) and K {31%)]) n
cotton and P (79%]) and K {150%] in tomato plants. The other
elements (P, Na, Ca and Mg in cotton; N, Na, Ca and Mg in
tomato) showed tendency to decrease with the increase in
CaCO; dust. The comparable lovw concentration of Na and high
concentration of K in two species at plot | resulted in a
decrease in Na/K ratio; a phenomenon previously proved by
Jaccbson ef al. (1960} and Nimbalkar and Joshi (1976]. The
relatively low Ca®' content in the two species under high
CaCOs; dust and no increase in the pH of plant extract (Table
3) indicates that these plants may bind the excess Ca®* taken
in water inscluble form (as oxalates, phosphates, citrates, or
tannins) or is bound within intracrganellar membranes {Allen
and Trevvavas, 1987) and keep cell sap at nearly constant pH.
By this wway these plants can maintain themselves in CaCO,
polluted areas only if their acid metabolism permit sufficient
amount of oxalate to be removed by circulation; a
characteristic of Ca-avoiding plants. (Mengle and Kirkby,
1987; Larcher, 19756]. Moreover, Levitt (1980]) has previously
reported that uptake of Ca®* did not increase with the increase
in Ca®* concentration in soil which was also proved in present
study [Table 1). Mg followed the same trend as that of Ca®*,
which was also described by Islam et al. {1987) and Migahid
and Abdel-Haak {1994). In conclusion, we can report that
CaCO; dust affects the two studied species in many aspects.
It causes severe reduction in shoot growth and fruit yield an
increase in chl ‘a/b’ ratic and a disturbance in nutrient
equilibrium. Despite these effects, the two species seem to
have internal mechanisms to maintain and avoid the high
concentrations of CaCQO; dust in their environments.
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