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ABSTRACT

The aim of this study was to test and select one or more highly
sensitive, specific and environmentally successful Egyptian bioindicators
for ozone (Os). For that purpose more than thirty Egyptian species and
cultivars were subjected between 1993 and 1995 to extensive screening
studies under controlled environmental and poliutant exposure conditions
to mimic the Egyptian environmental conditions and Os levels in urban
and rural sites. Four plant species were found to be more sensitive to s
than the universally used Os-bioindicator, tobacco Bel W3, under the
Egyptian environmental conditions used. These plant species, Jew’s
mallow (Corchorus olitorius cv. local), white clover (Irifolium repens L.
¢.v. Masry), garden rocket (Eruca sativa c.v. local) and alfalfa (Medicago
safiva L. ¢v. local), ranked in order of decreasing sensitivity, exhibited
typical O; injury symptoms faster and at lower Oj concenirations than
tobacco Bel W3.

Three parameters were tested in search of a reliable tool for the
diagnosis and prediction of O hidden damage prior to the appearance of
visual foliar symptoms: pigments degradation, stomatal conductance (G)
and net photosynthetic CO; assimilation (P,«). Pigment degradation was
found to be unreliable in predicting species sensitivity to O3, Evidence
supporting stomatal conductance involvement in O; tolerance were found
only in tolerant species. A good correlation was found between G
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restriction of Oy and CO; influx into the mesophyll tissues, and P,e.
Changes in P, seemed to depend largely on fluctuations in G,

INTRODUCTION

Ozone (O3) in the troposphere have substantial impacts on agriculture
worldwide. It causes more plant damage than all the other air pollutants
combined (Heagle, 1989 and Lefohn, 1991). Industrial activity in the
twentieth century has lead to arise in ozone level in urban regions and
even in remote rural areas. Ozone is produced by photochemical
reactions of the primary precursors such as hydrocarbons and nitrogen
oxides (NO,). Emissions of these precursors are increased by
industrialization and the growing numbers of motor vehicles.
Furthermore, Os-producing photochemical reactions are favoured by high
temperaturgs and high light intensities (Lefohn, 1991 ). In many
developing countries like Egypt, urbanization and industrialization 18
rapidly growing Urban population growth rates in Egypt reached 3.4%
in 1990, also, the number of industrial plants and power stations has
increased substantially over the last decade (1980-1990) (WHO/UNEP,
1992). Emissions of Oy precursors resulting from cars and buses alone in
Cairo havej subsequently doubled over this decade (WHO/UNEP, 1992).
Furthermore, the climate in Egypt is frequently suitable for the formation
of high O; concentrations by photochemical reactions especially during
the summer.

Relatively little is known about the ambient levels of Oy in Egypt
due to the high cost of using instrumental monitoring to assess O; levels
in urban and rural areas. Few research groups have attempted to measure
surface Os levels in Cairo. Nasralla and Shakour (1981), using the neutral
KI method, reported an O; concentration of 100-200 ppb for most of the
year, which increased during summer months (May-July) showing a peak
hourly concentration of 500 ppb. In a latter report, they measured O,
concentrations in a residential area of Cairo, usinga UV photometer.
They repon:éd O; levels in the range of 55-70 ppb during the summer of
1989 (WHO/UNEP, 1992). The most recent publication was by Farag et
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al. (1993). They monitored O; in urban and rural sites around Cairo in
1961-1992 using UV photometers. and found mean O concentrations of
100 ppb or more in rural and urban areas during the summer season

Therefore, there 18 an increasing interest dm’e}ﬂp%w
techniques to monitor the levels of surface O, and 1o detect tts effects or
agriculture and urban ecosvetems A useful roolin s cr an etfm‘% woul
be a plant svstem that responds 1o ambient feveis of Gy with typical ans
charactenstic symptoms (Wemstein er o/, 19901 Over the yean.

ethods have been developed 1o use senssive plant species a
bioindicators for the detection, recognition and monitoring of airboms
pollutants.

The use of plart biomonttors s considered an inexpensive.
however, reliable sup.piemeni or substitute to very expensive monttoring
svstems employing sophisticated instruments (vianuing & Feder, 1980
Perhaps the most important advantage of biomenitoring with planis over
instrumental monitoring is the capacity of plants t¢ absorb and Integrate
doses of pollutants over a wide range of environments Thus, theyv are
able 10 express the biologicai effect of a pollutant dose while integrating
chimatic. cultural and genetic factors into their response (Weinstein e7 &/
19900

The vee of plant as bicindicators and biomomtors of ambient 2
qualny has been thoroughly documented  and reviewed in severs
publications {(Manming & Teder, 1980, Steubing & la gsf JOR0
Posthumus, 1982 and Toneiick & Posthumus, 1987) Scme of the bey
defined examples of biomdicators plants for gaseous air pollutanis
mnciude those used 1o detect hydrogen fluonde and ozone (Manning &
Feder, 1980 and Heggastad, 1991). The mosi extensively used plani
indicator for ozone has been the tobacco cultivar Bel-W3 (Heggestad,
1991), an extremely sensitive plant to O; which displays recognizable
and typical injury symptoms almost everywhere it is grown. The tobacco
indicator system was improved by comparing the response of Bel-W3 to
the response of Bel-B, an Os-tolerant cultivar. This tobacco system was
successfully used in O3 biomonitoring programs to detect the existence of
phytotoxic level of tropospheric O; and to provide rough estimates of
relative seasonal concentrations of Os in different cities in Europe,

-3-



Madkour & Laurence.

Canada and USA (Kromroy ef al., 1988, Tonneijck, 1989; Mignanego ef
al., 1992; Runeckles & Bowen, 1993; Gimeno ef al., 1995 and Della Mea
et al, 1997). A wide variety of other plant species have been used as O;-
bioindicators. These plant species include white clover (Becker eral.,
1989 and Heagle er al, 1995), radish ( Kostka-Rick & Manning, 1993)
beans (Guzy & Heath, 1993) watermelon (Gimeno ef al., 1993 and
Ferandez-Bayon e al., 1993) and cotton (Temple, 1990).

Plant response to air pollutants is dependent on a host of climatic,
physiologic, edaphic and genetic factors which can alter the type and
severity of foliar symptoms (Heck er a/., 1979). It is, therefore imperative
that screening studies, designated to select suitable bioindicator plants, be
conducted under the same environmental conditions in which they are
going to be used as bioindicators. This would ensure that meaningful,
reliable and repeatable dose-response relationships could be generated.

Air ipollution monitoring in Egypt is extremely limited because of
the problems associated with the high cost of instrumental monitoring
and the unavailability of reliable biomonitors adapted to the Egyptian
environment. The preseni study reports an attempt to deveiop Egyptian
bioindicators for ozone and was designed to achieve the following
objectives: 1) The screening of a large number of plant species and
cuitivars which are aiready suited and adapted to the Egyptian
environmental conditions in order to select candidates for Os
bioindication; 2) Testing of the selected plant material extensively under
controlled environmental and pollutant exposure conditions in order to
relate symptoms or changes in plant performance to particular O; doses;
3) testing plants at more than one stage of growth, bearing in mind the
differential ;sensitivity to air pollution associated with plant age;, and 4)
testing the selected plant material in an attempt to find additional reliable
diagnostic tools which can predict O3 damage prior to the appearance of
visual foliar imjury such as pigment content, photosynthetic capacity and
stomatal response.
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MATERIALS AND METHODS

1. Plant Material

Sixteen Egyptian plant species and cultivars were selected from
the major plant material currently cultivated in Egypt. These plant
varieties were selected to include species reported in the literature to
be Os-sensitive and others which were listed as Os-tolerant. A detailed
listing of the plant species used with respect to common name,
scientific name, cultivar(s) name(s), ozone sensitivity and literature
references is presented in Table (1). The tobacco cultivars Bel W3
and Bel B which are the most widely used plant material in O
bioinonitoring programs worldwide (Tonneijck, 1989; Mignanego et
al., 1992; Runeckles & Bowen 1993; and Gimeno ef al., 1995) were
also included to test their relative sensitivity under the Egyptian
environmental conditions used in this study, and to use them as
reference to compare with the Egyptian species of unknown O;-
sensitivity.  All the seeds of the Egyptian plant species were obtained
from the Horticulture Research Station, Dokky, Egypt. Seeds were
planted in 10-cm kord fiber pots containing Comell mix, a
peat/vermiculite mixture (1:2) supplied with Dolomatic Lime and
Peters Uni-Mix Plus II to give a trace element range of 10-10-5. Plants
were grown in a controlled-environment greenhouse under simulated
Egyptian fall-winter, light, temperature and relative humidity
conditions. The greenhouse was maintained at 24/18°C day/night
temperatures, 55-65% relative humidity and a 14hr photoperiod.

2. Sensitivity Screening Experiments:

Preliminary testing experiments were conducted in 1993 in the
laboratory at the Faculty of Agriculture, Alexandria University, Egypt,
in which more than 30 Egyptian species and cultivars were screened
for Os sensitivity by exposing them to an acute ozone dose of 200-300
ppb for short durations (3-5 days) in continuously stirred tank reactors
(CSTR’s).  From these experiments sixteen plant species were
selected for further testing under controlled environmental conditions
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at Boyce Thompson Institute for Plant Research at Cornell University,
USA, during the summers of 1994 and 1995.

The sensitivity of the different plants was tested at two or three
growth stages: a) an early vegetative stage (18-20 days from seed); b)
the active vegetative stage (32-34 days from seed) and c) the late
vegetative stage (50-53 days from seed). Two different levels of Oy
(50 and 100 ppb) were chosen to mimic the ozone concentrations
recently reporied n rural and urban sites in Egypt by Farag ef o/
(1993).  All ozone sensitivity experiments were tepeated twice o
thiree times wiih 6 individual plants as replicates for each treatment, .o
each of 2 honzontal flow fumigation chambers (n=060 for each plani
variety).

3. Exposure to czene
Plants were routinely removed from the greenhouse at the
esired  growth stage and placeg in the furmigation chambers o

fiow Tumigaton chambers weie equipped with muti-vapour and high-
pressure  sodium lamps o provide a 14h photoperiod at a lign:
intensity of 560-600 uE m™s™. Air temperature inside the fumigation
chambers was 24°C day/18°C nignt and the relative humidity was
maintained between 50-80%. Ozone was generated from pure
oxygen in an electrical discharge generator (Griffin Technics Corp |
USA) and added to the air entering the chamber continuously. Ore
chamber was supplied with charcoal filtered air-and was used as a
control (cfa). Four chambers were used for O; exposure; two
chambers were adjusted to each of the two O; concentrations 50 and
100 ppb and statistically considered as separate replicates. Air
samples were drawn continuously throughout the fumigation period,
by the help of solenoid valves, switching between the control and
fumigation chambers every one minute. The levels of O; in the air
samples drawn from all chambers was monitored using a UV-
absorption ozone analyzer (Teco, Thermo Environmenta! Instruments
Inc, USA) linked to a chart recorder. Plants were exposed to Os or
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cfa 6h per day for three or five consecutive days according to the
experiment

4. Rating Leaf Injury:

Plant injury data was routinely collected and recorded every 24 h,
at the beginning of the day before the start of fumigation (18 h after
the end of the previous day’s fumigation session). Recording of
visible symptoms was cumulative and started on day 2 and ended on
day 5. Injury was rated by visual estimation of the injured area on
each leaf, and the percentage of leaf area injured according to a 0-
100% scale, in 5% increments, was recorded. Dead or completely
yellowed leaves were given a rating 100% injury. The rating system
used to evaluate the extent of foliar damage caused by ozone is
presented in Table (2).

Table (2): The rating system used for evaluating plant response to O;

fumigation
Rating of injury % injured leaf area Injury index

None 0 0

Veryj shght 1-15 1
Slight 16-25 2
Moderate 26-50 3

- Severe 51-75 4
Very severe 76-100 5
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S. Pigment Extraction and analysis;

The first fully expanded leaf was used for the quantitative analysis

of pigment contents when plants were at the early vegetative stage (18

days from seed), and the second leaf was used when they were at the
latter stages of growth (34 or 53 days from seed). Chlorophyll ‘a’ and
‘b’ and total carotenoids concentrations were measured in leaf extracts
prepared with 96% (v/v) ethanol according to the extraction method of
Knudson er al, (1977). Absorbances of the chlorophyll extracts at
665, 649 and 470 were measured spectrophotometncally. The
individual levels of chlorophyll ‘a’ (chi a}, chlorophyll ‘b’ (chl b) and
the total amount of carotenoids (car) were calculated from equations
derived for the solvent ethanol by Lichtenthaler and Wellburn (1983)

Samples for pigment extraction were collected 18 h after the end of
the fumigation session on the first and fifth day of O; exposure

6. Leaf Gas Exchange and Stomatal Conductance

Measurements of net photosynthesis (P,s) and stomatal
conductance (G;) were made immediately post-fumigation on the first
and third days of O; exposure. Nondestructive gas exchange
measurements were taken on the first or the second fully expanded
leaf when plants were 18 or 34 days old, respectively Six plants per
cultivar from each of the horizontal-flow chambers were used for gas
exchange measurements. Measurements were made using a portable
photosynthesis system (LI-6200, LI-COR Inc, Lincoln, NE, USA)
equipped with differential infrared CO; analyzer (LI-6250) to monitor
changes in CO; concentrations.

7. Statistical Analysis

Data were analysed statistically using ANOVA procedure of the
“Statistica” software computer package. Three independent variables
(plant age, ozone treatment, and day of sampling) were always tested
against one dependent variable (e.g. Chlorophyll “a”) at a time. L.S.D.
values were calculated for significant differences.

9.
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RESULTS

Visible Foliar Injury Symptoms:

Typical Os-type foliar injury symptoms were observed on seven
of the sixteen cultivars under study. Symptoms varied from interveinal
chlorosis to small necrotic flecks or stipples which ranged in color, from
vellow to tan or white to pigmented dark lesions, according to the plant
species examined. Four Egyptian local cultivars were more sensitive to
Os than the universally used Os-bioindicator, tobacco cv. Bel W3, These
cultivars were Jew’s mallow flocal var.), white clover (Masty), garden
rocket (local var.) and alfalfa (local var.j (Table 3).

Jew’s mallow the most sensitive species showed foliar injury
symptoms after only one fumigation session (6 hr) at the lowest O level
(50ppb). Jew’s rallow was most sensitive t0 Oy at the early vegetative
stage (18 days) than at the active vegetative stage (32 days) Tvpical O-

symptoms on lev s mallow are exhibited in Plate (1) and consisted of

PP T AT LT DR . .. vt g Bf crfars Thie
smail, Srown to biack premented stippies on the upper ieaf surtace The

stipples moreased and coalesced into larger lesions in the following days
ailer repeated exposure Stipples were more abundant or the i1p and
maryins of the leaves. At the 50 ppb O3 exposure level, the symptoms
were sometimes different.  The upper surface of the leaf acquired a
clearly defined bumpy texture czused by the swelling of groups of cells.
Later, these cells died and turned into dark lesions.

White clover was highly sensitive to O; at the early vegetative
stage (18 days). Symptoms on clover leaves were typical ozone flecking
after one fumigation session (6 hr) at the two O levels used (50 and 100
ppb). It consisted of small white or tan necrotic areas on the upper
surface due to the death of palisade cells. The necrotic lesions spread
and merged quickly, turning into bifacial intreveinal bleaching and
necrosis (Plate 2).

Garden rocket ranged third in Os-sensitivity because it developed
symptoms only after two or three fumigation sessions. However, at that
time the symptoms were acute (injury index 3-5) and were observed on
leaves fumigated at the lower (50 ppb) and higher (100 ppb) O
concentrations. Injured leaves showed reddish-purple pigmentation on
the upper leaf surface. The pigmented chlorosis was interveinal and it

-10-
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Control 50 pbb 100 ppb
Plate 1:03-induced injury symptoms on Jew’s mallow (Local)

Control 50 pbb 100 ppb
Plate 2: Os-induced injury symptoms on white clover (Masry)

-11-
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Control 50 pbb 100 ppb
Plate 3: 0s-induced injury symptoms on garden rocket (Local)

Control 50 pbb 100 ppb
Plate 4: Os-induced injury symptoms on alfalfa (local)

-12-
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spread to give the leaf a purplish mottled appearance intercepted with
green veins (Plate 3).

The local alfalfa cultivar was also found to be sensitive to
O at both levels studied. The symptoms of Os injury were
observed after two fumigation sessions, and consisted of the
commonly encountered upper-surface light yeliow-green chiorosis
and necrosis which tended to concentrate between the larger
veins. At the low Os level (50 ppb), the small lesions were usually
bounded by the smallest veins resulting in small angularly shaped
yellow-green areas surrounded by large areas of green tissues. At
the higher O level (100 ppb), injury was more acute and leaves
developed large, yellow-green chlorotic areas with many iregular
islands of normal green tissues scattered through them (Plate 4).

Tobacco Bel W3 ranged fifth in sensitivity to O; when tested
under the Egyptian environmental conditions adopted in this study.
Foliar injury symptoms developed on the oldest leaves of 50-53 days old
plants, after two fumigation sessions at the 100ppb level, and after three
O; exposure episodes at the 50 ppb level. Typical “weather fleck”
symptoms were observed and recorded (Plate 5) The symptoms were
characterized by numerous small lesions on the upper leaf surface of the
fully expanded leaves. The individual flecks consisted of small lesions
of dead tissue caused by the death of group of palisade cells. The lesions
were white-tan and had a rounded or angular shape.

The two cultivars of lettuce used in this study belonged to
different lettuce groups, Paris Island Cos belongs to the Romaine lettuce
group, and Balady belongs to the Stem lettuce group. Those two cultivars
were found to be less sensitive to O; than the previously discussed
species and were ranged “intermediate”. Paris Island Cos was found to
be more sensitive to O; than Balady at the active vegetative stage (32
days). However, Balady was more sensitive at the late vegetative stage
(50-53 days). Foliar injury consisted of large bifacial light green to
yellow chlorotic areas at the tip and margins of older leaves. Injury
spread towards the middle of the leaf witi: repeated fumigation, and small
dark brown necrotic lesions occurred bifacially all over the chlorotic
areas (Plates 6 & 7).

-13-



Madkour & Laurence,

Control S0 pbb 100 ppb
Plate 6: Os-induced injury symptoms on Romaine lettuce (Paris Island
Cos)

-14-
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Control 50 pbb 100 ppb
Plate 7. Os-induced injury symptoms on Stem lettuce (Balady)

Sensitivity screening:

From the data presented in Table (3)it was concluded that the
four species, Jew’s mallow (local), white clover (Masry), garden rocket
(local) and alfalfa (local) were the most Os sensitive species tested These
species used at the early vegetative stage (18 days from seed) were more
sensitive to O3 fumigation at concentrations as low as 50 ppb than the
known Os-bioindicator tobacco cv. Bel W3 grown under Egyptian
environmental conditions.  These four cultivars were selected and
designated as candidates for ozone bioindication in Egypt.

The two lettuce cultivars were ranged “intermediate” in terms of
ozone tolerance. Their Os-sensitivity was comparable to the tobacco cv.
Bel W3.

The Egyptian common bean cultivars Giza 3 and Contender, were
originally selected for this study because of the sensitivity of bean
cultivars to O; (USEPA, 1976), and their widespread use as Os-

-15-
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bioindicators (Manning & Feder, 1980). Both these cultivars were found
to be tolerant to ozone at the two growth stages tested. The Egyptian
cultivars of two other species which were reported to be sensitive to
ozone exposure, summer squash (Jacobson & Hill, 1970) and spinach
(Posthumus, 1982) did not develop any visible foliar symptoms in
response to five days of O, fumigation (6 h/day) at 50 or 100 ppb O;.

The four cotton cultivars (Giza 12, Giza 70, Alexandria 4 and
Hybnd), the broad bean cultivar (Romy) and the okra cultivar (Long
Green) which were selected as Os-tolerant bioindicators were found to be
also tolerant under the environmental conditions used in this study. No
symptoms were detected on any of those cultivars at the two growth
stages studied after S days of exposure (6 h/day) to O; at levels common
in urban (100 ppb) and rural (50 ppb) areas in Egypt (Farag ef al, 1993),

Leaf Pigment content:

The effect of ozone fumigation for 5 days on the level of
chlorophyll “a’ are presented in Table (4). The sensitive plant species
showed varying degrees of chlorophyll “a’ loss The magnitude of this
loss did not correlate with their sensitivity order, which was arranged on
the basis of the extent of foliar injury. However, the extent of
chlorophyll  “a’ destruction was higher in sensitive and intermediate
species than in tolerant ones. Greater chlorophyll degradation was
recorded on sensitive plants which were exposed to O3 at the active
vegetative stage (32 days from seed) than on similar plants fumigated at
the early vegetative stage (18 days from seed). Chlorophyll loss was
equally recorded on most of the tolerant species under study especially
those exposed to O; at an older age (32 days). Although the bean cultivar
“Contender” and the cotton cultivars “Giza 12 and “Giza 70” showed an
increase in the level of chlorophyll ‘a’ when exposed to O; at the age of
18 days, they. responded diffrerently when older plants (32 days) were
fumigated.

Plant species responded differently to the increase in Oy
concentration.  Sensitive species with the exception of Jew’s mallow, the
most sensitive species, showed an increased loss in chlorophyll ’a’ in
response to the higher O; level (100 ppb). On the other hand, the tolerant

-16-
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Table (4): Effect of 0zone fumigation on chlorophyll ‘a’
content of fully expanded leaves of different
plant species differing in ozone sensitivity.

Plant Species Ozone Chloroph)}l a (ug/mg dry weight)”
& Level 18 days® 32 days®
Cultivar (ppb) d1 ds D1 ds
Jew's mallow cfa 780a | 68lab | 2324a7 1574
(Loeal) 30 - 7.65a | 6.32b| 21.65a 1706c
100 7.58a| 6.16b| 21452 1732¢
cfa 13.06a | 932b | 765 3.11b
Clover (Masry) 50 11.76a |  7.56c | 435b| 196c
100 10.71b | 550d |  4.84b| 118c
Gard K cfa 8.30a 5.02b 4.74a 3.9]a
A raeket 50 71la| 344c| 4.78a| 1.84b
(Local) 100 788a | 342¢| 503al 127m
cfa 8.87a 6.96b 4.07a 4.36a
Alfalfia (Local) 50 7.28ab 3.58¢ 2.73a | 2.34bc
100 909a | 597b| 258a| 1.29¢
cfa 6.19a 2.78b 970a| 7971ab |
Tobacco*  (Bel 50 213b| 126b| 72261 4.7¢
W3) 100 4.06a | 138b 6.32b | 3.42c
Romanie lewwee | S| 2432 SEb T Te6a 698
(Paris Island Cos) 100 11742 | 630c | 711a| 3.12b
g : cta 11.56a 11.05a 8.44a 6.88b
‘ig?liche 50 10.57a | 7.40b| 558bc | 3.75d
(Balady) 100 10352 | 9385a| 648, | 5.25¢
cfa 8.20a 4.66bc 388a; 371a
Cong?onﬂbea“ | 50 4.59¢ ] 297d | 2296 2.20b
(Giza 3) L 100 5.37bc | 290d | 2.86ab | 221b
c b } cfa 5.27a 3.57b 21.08a] 2173a
OCmmP“ g can 50 4.86a| 3.64b| 19.42b| 18.56b
(Contender) 100 557a| 361b| 2228a| 14.14c
B I b cfa 14.82a 8.89¢ 9.72a 8.64a
rgfd ean 50 13.28a | 796c| 574b| 2.35¢
(Romy) 100 12.02b | 721c| 4.74bc| 3.95bc
cia 27.23a | 15.70b 4.69a 4.35a
Cotton(Giza 12) 50 28.02a | 15.87b 3.55a| 2.71a
100 27.69a | 1741b| 3.09a| 3.14a
, cfa 1724a | 1332b| 3.04b] 297
Cotton (Giza 70) 50 18.08a | 13.89b | 560b| 3.28b
100 18.73a | 1447b| 351b| 2.44b

# Results are averaged from two different experiments with 6 plants replicates for

_ each treatment.

 Samples were collected 18 hr after the end of the fumigation period on the first
and fifth day.

*Tobacco cultivars were exposed to ozone and sampled 32 and 53 days from seed.

& Means followed by different letters are significantly different at the 5% level

within the same plant species and the same age.

-18-



£ Pest Comt. & Faviron. Sci. 7( 1) (1999).

s lost more chlorophyll ‘a2’ due to S days of Oy fumigation at the
" 30 ppb than ar the rate of 100 ppb. The cotton cv. *(iza 707 and
the bean ov. “Contender” were the only exceptons.

Statistical analysis of the data presented in Table (4) showed a
sgmficant effect (1% level) of Os; level, plant age as well as sampling
date on the level of chlorophyil ‘@’ both in the sensitive and in the
wierant plant species studied The interactions between each two
individual variables and all three variables combined were also
significant at the 5% level in all but few cases.

Chlorophyll ‘b’ content was affected by O; fumigation in a trend
similar to that followed by chlorophyll ‘a’ (Table 5). Plant species which

were ranged sensitive, lost more chlorophyll ‘b’ than tolerant
species.  The extent of chlorophyll ‘b> degradation was higher at the
active vegetative stage (32 days) than at the early vegetative stage (18
days) in both the sensitive and the tolerant species. Higher O; levels
(100 ppb) caused an increase in chlorophyll ‘b’ loss mainly in the
sensitive species with the exception of Jew’s mallow. On the contrary,
wlerant species lost more chlorophyll ‘b’ in response to the lower O;
concentrations (50 ppb} except for the bean cv. “Contender” and the
cotton ¢v. “Giza 707

The effects of Oy level, plant age, and days of sampling on
chlorophyll ‘b’ content were all statistically significant at the 1% level
both in the sensitive and in the tolerant species. The tolerant tobacco cv.
Bel B showed no significant effects with all the three variables tested.
The interaction between Os level and plant age was also significant at the
5% or 1% level in most of the species under study. Total  carotenoids
levels are reported in Table (6). The data presented show that in sensitive
and intermediate species, greater decrease in total carotenoids was
observed when plants were fumigated at the age of 32 days from seed
than at 18 days. Some tolerant species followed the same trend e.g. bean
cv. “Contender” and “Giza 3” and the broad bean cv. “Romy”. The
degree of carotencid loss did not always reflect the level of sensitivity to
Os;. On the other hand, different O; levels had different effects on the
carotenoid levels. The low Oj; exposure concentration (50 ppb) caused
higher carotenoids loss from leaves of sensitive, intermediate and tolerant
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Table (5): Effect of ozone fumigation on chlorophyll ‘b’
content of fully expanded leaves of different plant
species differing in ozone sensitivity.

Ozone |_Chlorophyll b (ug/mg dry wei;iht)”

Plant species

&ultivar Le\'gl 18 days® 32 days
®pb) 47 as | a1 ds
T fa 335 | 2072 | 15945 | 10620
Jew’s mallow 50 | 220a | 202a | 1098 | 7.32¢
(Local) 100 231a | 189 | 12.48 | 932d
cfa 4.90a 2.94b 2.37a 1.56a

Clover (Masry) 50 4.16ab | 221b | 1.50a | 0.83b
100 | 384ab | 1.74b | 1.60a | 0.50b
. ] cfa 4.47a 1.61c 1.61a 1.38a
Garden rocket 50 281b | 126c | 1.6la | 0.71b

(Local) 100 | 3036 | 124c | 164a | 05%
Alfalf cfa 3.51a 2.44b 1.37a 1.49a
alfa 50 2722 | 126c | 090a | 092a
(Local) 100 3452 | 209> | 0.86a | 0.58b

N ofa 257a | 113b | 297a | 3.39a

1obacce 50 | 092bc | 053c | 2.15a | 1.49ab
(Bel W3) 100 188b | 072c | 1.84ab | 1.26b

. . cfa 4.11a 3.87a 2.26a 2.18a
Romaine lettuce | 5 386a | 253b | 129ab | 1.49ab

(ParisIsl. Cos) |\ yo9 | 3835 | 2150 | 191a | 1.06b
e | 4602 | 3.5%5ab | 446a | 1326

Stem Jettuce 50 | 4.00a | 248 | 2.56b | 1.l6c
\Balady) 100 3.96a | 2.30b | 279t | 1.65bc
c cfa 4.09a 4.25a 1.45a 1.6%9a
be;fonémﬂonﬂ . 50 3.64b | 136c | 083b | 0.84b
an(Giza 3) 100 325b | 157c | 1.08: | 0.87b
- i fa 37292 | 2330 | 858 | 9.09a
‘L{%“m"“ df’e?” 30 496a | 3.33ab { 993a | 6.65b
tLontender) 100 3.92a | 203b | 7.83t | 4.07c
, cfa 583a | 3.73b | 4.14a | 3.76a
Bread bean 50 522a | 3.34b | 2396 | 1.36b
(Romy) 100 5.33a 3.41b 1.99b 1.83b
cfa 16.170 | 9.23d | 1.5ia | 1.39a

190“01% 30 23.75a | 13.57¢ | 1.16a | 0.86a
(Giza 12) 100 124752 | 14.14c | 098a | 1.04a
cfa 10.44¢ 8.07d 0.92a 0.94a

Cotton 50 14.99b | 11.58b | 1.69a 0.97a
(Giza 70) 100 19.53a | 13.09b | 1.11a | 0.71a

% Results are averaged from two different experiments with 6 plants replicates
for each treatment.

¢ Samples were collected 18 hr afier the end of the fumigation period on the
first and fifth day.

*Tobac:jco cultivars were exposed to ozone and sampled 32 and 53 days from
seel

& Means followed by different letters are significantly different at the 5 % level

within the same plant species and the same age.

g
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Table (6) Effect of ozone fumigation on total carotenoids
content of fully expanded leaves of different piant
species differing in ozone sensitivity.

Total Carotenmds}pg/mg dry

Plant Species QOzon wexg ht)
& N 18 days® s 32 days®
iv Level J

Cultivar | by | d1 45 | a1 | ds
} cfa | 1972 | 186a | 2 02a | 1.34b
Jew’s mallow 50 1.74a | 185a | 186a | 124db
(Local) 100 | 195 | 155a | 187a | 125h
Cfa 1.67a 1.77a 1.00a 1.03a
Clover (Masty) | 5 157a | 1.822 | 1.05a | 041b

100 1.02b 1.28ab | 0.8lab | 0.46b
Gard K cfa 2.06a 1.70b | 1.34a | 0.95ab
arcen Ios et 50 162b | 093¢ | 1.15a | 0.66b
(Local) 100 | 164b | 097 | 1.12a | 0.79
cfa 1.78a 1.44a 0.99a 0.70a
Alfalfa (Local) 50 0.68b 0.73b 0.72a 0.55b
100 0.44b 0.72b | 0.68a | 0.39
. cfa 2.04a 0.99bc 1.45a 1.57a
,1730}’%320* 50 | 0.94bc | 0.55c | 0.53b | 0.87b
(Bel W3) 100 | 1446 | 0.76c | 0.90b | 0.66b
. cfa 1.49b 2.31a 1.85a 1.46a
Rgm?ﬂ;elleguce 50 0.56c | 1.88ab | 1.15b | 0.42c
(ParisIsl. Cos) | 700 | 041c | 1.86ab | 1.87a | 0.76bc
cfa 2.76a 1.43bc | 2.57a 1.24b
Stem lettuce 50 | 2.00a | 093 | 1.14b | 0.74c
(Balady) 100 | 221ab | 1.08c | 1.08b | 0.88bc
) cfa 2.20a 1.58b 1.16a 1.21a
Commonbean | 50 | 168 | 090c | 0.69b | 069
(Giza 3) 100 | 1.84b | 1.02c | 0.89b | 0.69
cfa 1.8%a 1.00¢ i.32a 0.93b
Commonbean | 50 | 172a | 146b | 120a | 102b
(Contender) 100 | 1.76a | 1.26bc | 1.24a | 0.88b
Broad b cfa 1.78a 2.20a 2.70a 1.63b
”}’{a can 50 192a | 1.89a { 131b | 0.44c
(Romy) 100 | 2192 | 2012 | 1176 | 0.76c
cfa 4232 2.42b 1.30a 1.15a
Cotton (Giza 12) 50 1.77bc 1.01c 1.06a 0.90a
100 1.62¢ 0.93¢ | 093a 0.952a
] cfa 427a 3.30b | 096a 0.98a
Cotton (Giza70) | 50 2.73b | 2.1lc | 139a | 0.96a
100 1.17d 0.90d 1.02a 0.81a
# Results are averaged from two different experiments with 6 plants
replicates for each treatment.
® Samples were collected 18 hr after the end of the fumigation period on the
first and fifth day.
*Tobacco cultivars were exposed to ozone and sampled 32 and 53 days from
& Means followed by different letters are significantly different at the 5 %
level within the same plant species am%n he same age.
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Figure (1). Time course changes in the net photosynthetic rate and
stomatal conductance upon exposure of Ogz-sensitive species
10 ozone. [Plants were exposed to 100 ppb Oj for three
consecutive days (6 hr per day). Photosynthesis and gas
exchange measurements wire taken before ozone exposure
began and during last hour of the fumigation session on the
first and third days of exposure].
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stomatal conductance upon exposure of Os-tolerant species to
ozone. [Plants were exposed to 100 ppb Os; for three
consecutive days (6 hr per day). Photosynthesis and gas
exchange measurements were taken before ozone exposure
began and during last hour of the fumigation session on the
first and third days of exposure].
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species than the high O concentrations (100 ppb). Alfalfa and tobacco
cv. Bel W3 were the only sensitive species to differ from that trend. All
the three variables (O, level, plant age and sampling day) when tested
individually had significant effects on the carotenoids concentration at
the 1% level. Few of the interactions between the individual variables
had significant effects.

Net Photosynthesis and Stomatal Conductance:

The rate of CO, assimilation (Prt) and stomatal conductance (Gy)
were followed in all species under study during a three day fumigation
period at the rate of 100 ppb Os, 6 h per day. The results are presented in
Figures (I & 2). Ozone fumigation caused a si gnificant (P<0.01) and
gradual reduction in the rate of CO; assimilation in the five Os-sensitive
species, Jew’s mallow, clover, rocket, alfalfa and tobacco Bel W3, which
ranged in magnitude from 20 to 80% decrease. This was accompanied
by a parallel decrease in stomatal conductance (30-85%) which indicated
significant (P<0.01) closure of stomata in response to O; fumigation in
those species.

There was no appreciable difference in the response of plants
treated at the =arly vegetative stage (18 days) and plants treated at the
active vegetative stage (32 days) with respect to the decrease in Ppg or
G.. Older plants had initially Jower P,y rates and stomatal openings
which decreased in response to O treatment with a range comparable to
younger plants. The two intermediate lettuce cultivars showed a similar
range of parallel decline (significant at P<0.01) in both Py and G; only
with plants which received Os at the age of 32 days, when both cultivars
were more susceptible to czone treatment. Sharper reductions in P,q
(47%) and G; (77%) were observed with Paris Island Cos which was
reported earlier to be more sensitive to O than Balady (28% and 63%,
respectively) at this stage of growth. When lettuce plants were fumigated
at the early vegetative stage a different trend of response was observed.
A marked decrease in net photosynthesis (32 and 3 1%) was the result of
the first Os exposure episode, but wiicn exposure to O3 was repeated for
two more days, plants seemed to recover and the rate of P,y increased
(loss 16% and 19%) but did not reach the initial values. Stomatal
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conductance closely paralleled the P,y decrease and increase only in
“Paris Island Cos” but not in “Balady”.

The three bean cultivars, which belonged to two different species
of beans, were found to be tolerant to O and showed similar responses
during the three days of fumigation. Younger plants (18 days) were more
resistant to decrease in photosynthetic CO, assimilation than older plants
(32 days). P, was depressed by approximately 11%, 8% and 15% n
“Giza 3", “Contender” and “Romy”, respectively, after the first day of Os
exposure in 18 days plants. Plants recovered afterwards to levels very
close or even greater than the initial P,q values. The same trend was
found with G, which clearly points to a close correlation between the
decrease in stomatal opening, the reduction in CO; flux and the decline in
net photosynthesis rates. However, older plants showed more Pua
decrease when fumigated with Os than younger plants. Reduction in Pua
was significant (P<0.01) and ranged from 22% for “Contender” to 39%
for “Giza 3” and 33% for “Romy”.

The depression in P,q was not accompanied with a matching
decline in stomatal conductance in those cultivars. Only in the broad
bean cultivar “Romy” a decrease in G, (53%) was observed at the end of
three days fumigation. On the contrary, both the common bean cultivars
showed an increase in G, i.e. an opening in stomates in response to Os.

Cotton cultivars showed significant (P<0.01) and gradual
reductions in both P,4 and Gs values during the three days of Os
exposure. No difference in the magnitude of response to 0; was
observed between plants of the two age groups tested. The decrease in
CO, assimilation capacity seemed to be due to an increase in stomatal
resistance (decrease in G) and a consequent restriction of CO; influx into
the leaf.

DISCUSSION
The present study represent the first attempt at screening and
testing Egyptian plant species in order to select candidates to be used as

bioindicators for O; pollution in Egypt. Four candidates were found to
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exhibit hypersensitive reactions faster and at lower O;concentrations
than memMHmw1mﬁ(hmmwwmrmMWoB%W3uMa
Egyptian environmental conditions. These four species, ranked in
decreasing order of sensitivity, are: Jew’s mallow (local), white clover
(Masry), garden rocket (local) and alfalfa (local).

The four selected species exhibited clear-cut and repeatable injury
symptoms when exposed to Oj concentrations similar to those found in
urban and rural areas in Egypt. Therefore, they obey the first criteria of a
good indicator plant according to Manning and Feder (1980). They can
thus, act as chemical sensors which detect the presence of ozone in the
air. Posthumus (1982), suggested five guidelines for the selection of an
indicator species all of which are met by those candidates selected during
the study: (1) the species should be sensitive to the pollutant at a level
below the sensitivity of vegetation of economic importance, (2) the
specific pollutant induced markings should be characteristic and easily
observed; (3) the species should grow from a terminal shoot; (4) the
wmksmwwtw“Mdywmm(gmﬂnﬂmﬁ&ﬂMmmmmgam
(5) the species should be present throughout the growing season.

The fact that these species are sensitive to O; at an early stage of
growth (18 day from seed) is considered an added benefit since they are
easily grown from seed and easily replaced by new plants due to the short
time required to grow them to their sensitive age. In addition, they do not
have any special cultural requirements that would complicate their fast
propagation.

Therefore, we recommend those four species for further field
testing to ascertain their worth under natural conditions in order for them
to be designated as O; bioindicators in regional or national air
biomonitoring programs in Egypt.

In an attempt to find reliable tools for diagnosis which can predict
O3 damage prior o the appearance of visual foliar injury, pigments
degradation was followed through five days of fumigation with Oj at the
rate of 50 and 100 ppb (6 h per day). Ozone treatment induced premature
senescence manifested as significant decrease in chlorophylls ‘a’ and ‘b’
and carotenoids which did not correlate very well with the appearance of
visible symptoms. Jew’s mallow, the most Os-sensitive species, showed
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signs of necrosis and/or chlorosis shortly after only one O exposure
episode (100 ppb for 6 h) and exhibited the most extensive leaf njury
symptoms after two fumigation sessions (75%). However, this same
species showed mild pigments loss (16% only) when compared to less
visibly damaged species like white clover, alfalfa or tobacco Bel W3
Furthermore, the loss of chlorophylls ‘a” and ‘b’ did not reflect the
extent of symptoms severity. On the contrary, in sensitive species, older
plants (32 days) which exhibited no or few symptoms showed more
chlorophylls ‘a’ and ‘b’ degradation than younger plants (18 days)
exhibiting severe symptoms. This discrepancy could be explained if we
trace the early events leading to lesion formation. It is an acceptable fact
that O3, once in the leaf interior, would rapidly react with components of
the cell wall and apoplastic fluid and form oxygen free radicals such as
the superoxide anions and H;0, and others (Heath, 1994). Os-derived
oxyradicals may be scavenged by low molecular weight antioxidants in
the apoplast, such as ascorbic acid and polyamines (Langbartels, e al .
1991). Concentrations of activated oxygen species that exceed the
antioxidative capacity of the apoplast may attack plasma membranes and
cause peroxidation reactions which trigger the signal chain of events
leading to wound reactions such as stress ethylene formation and lesion
development. The loss of the plasma membrane semipermeability as a
result of lipid peroxidation can occur remarkably fast at high O3 doses or
very low free radicals scavenging ability. In this case, rapid membrane
injury may lead to such rapid protoplast collapse that unregulated
proteolysis, due to tonoplast rupture, could lead to rapid unregulated cell
death (Pell eral., 1997). It is our belief that the discrepancy between the
severity of foliar injury and degradation of chlorophylls ‘a’ and ‘b’ in
sensitive plants could be ascribed to very weak antioxidative systems the
capacity of which is exceeded by the amount of free radicals generated
by O; uptake It follows that the attack on plasmalemma from active
oxygen radicals is more pronounced and cell damage spreads faster in the
form of necrosis rather than chiorosis. On the other hand, with smaller
levels of free radicals (due to less acute Os doses or to a more active
antioxidant system) necrotic responses are often absent. Instead foliage
exhibits signs of accelerated senescence in the form of pigment loss. In
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these cases, cell death is minimal due to the ability of the plasma
membrane to sustain the stress caused by lower concentration of active
oxygen species (Pell eral., 1997).

The above discussion may also explain our observation that the
lower O3 level (50 ppb) caused more chlorophylls ‘a” and ‘b’ and
carotenoids degradation than (100 ppb), especially in tolerant plant
species which did not exhibit foliar symptoms in response to Os
exposure. This could also be ascribed to effective antioxidant systems in
these species, which enable the scavenging of free oxyradicals in the
apoplast, thus decreasing their concentration to alevel which does not
destroy the plasmalemma. A low level of oxyradicals, whether due to the
awwemwmmkwsd%mm&MMMmmmmwam
the plant, are more likely to diffuse within the cell reaching the thylakoid
membranes and attacking them. Peroxidation of the thylakoids results in
the loosening of those membranes and the gradual loss of pigment
molecules.

Furthermore, oxygen free radicals are implicated in inducing the
production of compounds such as ethylene which act as signals or
elicitors driving the nucleus towards accelerated cell senescence
manifested as pigment loss, reduction in photosynthetic CO; assimilation
and decrease in protein and RNA levels (Pell e al., 1997). Effects at the
nucleus site also include the induction of de novo synthesis of enzymes
of the cell defense mechanism such as superoxide dismutase and
glutathione reductase (Madkour, 1998).

The net photosynthetic CO; assimilation was another parameter
studied in the course of this study. Plant leaves posses other mechanisms
to protect against ozone-induced foliar damage besides their
antioxidative system. Ozone enters the leaf through the open stomata,
thus a major control point is via stomotal closure or decrease in stomotal
conductance. The reduction in CO, assimilation (Py) in all the sensitive
species studied was accompanied by closely related levels of stomatal
closure (Gs). Therefore making it safe to conclude that their sensitivity to
ozone was not caused by lack of stomatal response. The closure of
stomates as a defense mechanism is aimed at controlling Os diffusion
into the stomatal chamber in order to decrease O3 concentrations within
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the leaf mesophyll. Nevertheless, it is apparent from the results of P,
and Gs that the restriction in stomatal conductance (Gs) and the
subsequent decrease in CO; flux into the leaf was the main contributing
factor to the reduction in P,4 observed in those species. The sensitivity of
these species is possibly caused by the absence or the ineffectiveness of
an antioxidative defense mechanism. These results were in agreement
with those reported on bean species (Guzy & Heath, 1 993) and on
spinach (Robinson & Rowland, 1996).

Intermediate and tolerant species exhibited lower reductions in
Poa than those recorded with sensitive species. The changes in
photoassimilation were always paralleled by similar changes in stomatal
conductance (Gs). This lead us to conclude that stomatal closure plays an
important role in conferring resistance in those plant species by as a
stress avoidance mechanism (Lefohn, 1991). Nevertheless, the protective
effect of the antioxidative system on plasma and other intracellular
membranes could not be discounted (Heath, 1994). The involvement of
the enzymes superoxide dismutase and glutathione reductase in the
defense mechanism against ozone was investigated by the first author
and reported elsewhere (Madkour, 1998).

Stomatal closure in response to O was ascribed to a stimulation
of the signal phyto- hormones ethylene (C,H,) and abscissic acid (ABA)
both of which are known to drive leaf early senescence and were
suggested to be involved in stomatal closure (not proven for C;H.)
(Heath, 1994 and Lefohn, 1991). Also the action of stomatal opening and
closure depends upon the interactive process of the relative water
potential difference between the guard and subsidiary cells. Any loss of
permeability induced by the effect of O3 on the membranes in these cells
would alter the ionic balance and cause either closure or opening of
stornates (Heath, 1994).

The present study obtained data supporting the selection of the
Egyptian cultivars of Jew’s mallow (local), white clover (Masry), garden
rocket (local), and alfalfa (local) as bioindicator candidates for O in
Egypt. These species are recommended for further field testing before
their subsequent use in biomonitoring networks. It was concluded that
although pigments degradation was not a good parameter for prediction
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of symptoms severity or species sensitivity (since O; induced pigment
loss was observed in both sensitive and tolerant species alike), It could be
used as a way 1o predict the extent of foliar early senescence before the
appearance of any visual symptoms. This study found evidence
supporting stomatal involvement in ozone tolerance in resistant species
only and a good correlation was found between stomatal conductance,
gas influx into the mesophyll and the rate of photosynthetic CO,
assimilation.
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