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Effects of Air Filtration on Egyptian Clover (Trifolium alexandrinum L.. Cv. Messkawy)
Grown in Open-Top Chambers in a Rural Site in Egypt
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Abstract: An Fgyptian variety of clover plants (Tnfolium alexandrinum L. cv. Messkawy) were either untreated
(control) or treated with soil drench of Ethylenediurea (EDU) at 50, 100, 150, or 200 ppm or benomyl at 250, 350,
450 or 550 ppm for the whole growing season and sown in the soil either under Egyptian field conditions at a
rural site in northern Egypt or in open top chambers receiving either charcoal filtered or no-filtered air. Tt was
noticed that both EDU and benomyl caused an increase in growth parameters and provided some
protection agamst O, visible mjury symptoms, with EDU having better protection than benomyl. Moreover,
photosynthetic rates were increased in treated plants while stomatal conductance did not show any significant
difference from control plants under OTCs conditions. Tt is clear from the results of the present investigation
that benomyl and EDU would be useful tools to assess the effects of ambient O, on plants under Egyptian field

conditions. The implications to Egyptian agriculture were discussed.
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INTRODUCTION

Ozone (Q,) is the most important and prevalent
phytotoxic gaseous pollutant in many parts of the world
causing severe damage to a variety of susceptible plants
(Krupa and Manning, 1988; Chappelka and Chevone,
1992: Hassan et al, 1994, 1995, 1999; Hassan and
Anttonen, 1999; Wahid et al., 2001 ; Barbo et al., 2002;
Pihl Karlsson, 2003). Tropospheric concentrations of O,
are currently mncreasing globally at a rate of 1-2% annually
(IPCC, 1992; Thompson, 1992; Oksanen, 2001). Its effects
on agricultural crops and horticultural plants range from
overt ijury to subtle modification of cellular biochemistry
and whole-plant physiology.

Although concentrations of ambient O, recorded
in rural, urban and suburban sites in Egypt (100-200,
55-70, 55-78, 55-67 and 76-99 ppb in the studies
of Nasralla and Shakour (1981), WHO/UNEP (1992),
Farag et al. (1993), Hassan et al. (1995) and Hassan (1999),
respectively are potentially high enough to cause damage
to natural ecosystems and yield reductions of sensitive
agricultural crops, there are very few studies have
attempted to assess its effects on crops and studies
investigating its effects under field conditions are even
rarer (Hassan ef al., 1995).

Numerous assessments have been carried out to
evaluate effects of air pollution on vegetation (Krupa and

Manning, 1988; Weigel and Jager, 1988; Manmng and
Krupa, 1992; Brunschon-Hart ef al., 1994; Hassan ef af.,
1995, 1999, Wahid et al, 2001). Open-Top Chambers
(OTCs) provide a controlled field environment for studies
on crop response to O,

An alternative method to assess crop losses due to
O, 18 to use the antiozonant chemicals such as the
antioxidant ~ Ethylenediurea (EDU)  (N-(2-(oxo-1-
imidazolidinyl)ethyl - N- phenylurea) and the fungicide
benomyl (Methyl -1- butyl - carbamyl - 2 - benzidmidazole
carbamate) (Manming ef al., 1974; Carnaham et al., 1978,
Foster et al., 1983; Manning, 1988, Bambwale, 1998,
Varshney and Rout, 1998, Kuchler and Flagler, 1999,
Manning et al., 2003).

In his thorough study, Manning (2000) reported that
the antioxidant EDU and the fungicide benomyle were
extensively used as very powerful tools for verifymng
incidence of phytotoxic concentrations of ambient O, and
detecting losses in vield and growth of different plant
species under natural conditions.

International Cooperation Project on crops (ICP-
Crops) was established in late 1980°s to investigate the
effects of air pollutants including O, by UN - ECE working
groups on effects (Mortenson, 1992; Mortenson et al.,
1996). In 1990's clover plants have been mtroduced mto
the programme (Pihl Karlscon et al., 1995a, b, 2002, 2003;
Velissariou and Kyrrazi, 1996).
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Many clover species are known to be sensitive to O,
as they produce visible leaf injury and reductions in
growth and yield after exposure to O, (Becker et af., 1989).
In Egypt, the information on the effects of O, on plants 1s
extremely scanty and fragmentary (El-Khatib, 2003). The
present work was conducted to fill the above-mentioned
gap of knowledge, using the O, protectant chemicals EDU
and benomyl Egyptian variety of clover (Trifolium
alexandrinum 1.. cv. Messkawy) has been used in this
experiment. Clover was used in the present study for its
compact size and rapid growth as well as it 18 important
feeder crop. For sound interpretation of the field study
controlled experiments using Open-Top Chambers (OTCs)
were carried out to determine whether these chemicals had
effects mn the absence of O, and also whether they
provide protection agamst adverse effects of O, on the
species chosen for the present study.

MATERIALS AND METHODS

Field work

Cultural method and air quality monitoring: The field
experiment was conducted over the period 10 October
2002-5 December 2002 at Abbis village (rural site),
located 35 km to the south of the Nile Delta, this being the
main agricultural are of the country. The experimental area
was about 2 km from the nearest traffic road and was
surtounded by  Fucalyptus  and Casuarina trees
(Hassan et al., 1995).

Four plots (each 6.5%2 m) were chosen in the
experimental area. Each plot was divided into five equal
subplots (0.9%1 m) each with three rows, with 0.5 m
distance between subplots. The between-row distance
was 0.3 m.

Seeds of clover ({rifolium alexandrinum L. cv.
Messkawy) obtained from Department of Crop Science of
Alexandria University were planted on 10/10/2002, 10 cm
apart. Five seeds were sown 5 cm deep at each position.
After expansion of first true foliage leaf, seedlings were
thinned to one per lot. Thus there were 20 plants/row and
60/subplot.

Two plots were used for EDU application and the
others were for benomyl application. One subplot within
first and second plot was assigned for control treatment
(irrigated with tap water without any chemicals added),
while the other four subplots were assigned randomly for
EDU treatments (one received 50 ppm, second, third and
fourth were receiving 100, 150 and 200 ppm EDU,
respectively).

The 3rd and 4th plot was divided as first one,
however, subplots were assigned for 0, 250, 350, 450 and
550 ppm benomyl.
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No fertilisers or pesticides were applied.

Monitoring of air quality (concentrations of O,, 30,
and NO,), were performed over the entire period of the
experiment (Hassan, 1999).

EDU and Benomyle application: Four different
concentrations of EDU (50, 100, 150 and 200 ppm) and
four different concentrations of benomyl were used
(250, 350, 450 and 550 ppm).

(In Egypt, benomyl was applied to agricultural fields
i a concentration of 550 ppm, so it was worth to
investigate the effect of lower concentrations).

Each plant received 200 mL, EDT or benomy] as soil
drench, (as it gives a better protection than foliar spray
according to Velissariou and Kyrazi, 1996), of the
corresponding concentration. In each case, the remaining
subplot not being treated with either EDU or benomyl
received the same amount of tap water (150 mL).

Four applications of chemicals were applied to the
plants. The first was applied on 21st October 2002 when
the first true foliage flag leaf was fully expanded (11 days
after seeding), while the second, third and fourth were
applied 20, 30 and 40 days after seeding.

Gas exchange measurements: Photosynthetic rates (A)
and stomatal conductance (g,) were measured on the first
true leaf on each plant between 10:00 and 1500 h
(Egyptian local time) every fourth day for 52 days using
a steady-state portable TRGA (LI-COR 6200, LICOR,
Lincoln, Nebraska, USA).

Sampling procedure: Teaf injury symptoms were
assessed on 1st December 2002 (51 days after seeding) by
counting the number of mjured leaves and estimating the
percentage of each leaf’s area showing injury (on a score
of 0 "no injury” to 57 100% injury’).

Plants were sampled destructively on 2 December (52
days after seeding). The plants were divided mto different
organs, dried in an oven at 105°C for one week and
weighed to assess crop growth.

Open-Top Chamber (OTCs): Seeds of the same variety of
clover plants used m the field experiment were grown in
clay pots of loamy clay soil in a glasshouse, with 25/15°C
day/night temperature, there was no additional lighting. 15
days after seeding (when plants were at 3 leaf stage),
plants were transferred to four OTCs of the design of
Ashmore et al. (1986) housed in Abbis village (35 km
south of Alexandria c¢ity). There were 54 pots per chamber.
OTCs were used m a split plot design: Two chambers
received charcoal Filtered Air (FA) and the others
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received Non-Filtered Air (NFA) for 51 days (09:00-17:00
Egyptian local time). Concentrations of different major air
pollutants were measured (Hassan, 1999).

EDU and Benomyl were dissolved in warm tap water
and then diluted with tap water to final concentrations of
50, 100, 150 and 200mg EDU L™'and 250, 350, 450 and 550
mg benomyl L™'. The chemicals were applied as scil
drench (150 mI/pot). There were 54 pots in each chamber;
24 pots 1 each chamber received EDU (6 pots for each
concentration) and 24 pots in each chamber received
benomyl (6 pots for each concentration). Pots did not
receive benomyl or EDU received an equal volume of
water.

The OTC experiment was runmng simultaneously
with the field experiment and OTCs were adjacent to plots
of the field experiment.

Gas exchange measurements: Photosynthetic rates (A)
and stomatal conductance (g,) were measured on the first
true leaf on each plant between 10:00 and 15:00 h
(Egyptian local time) every thurd day for 51 days usmg a
steady-state portable TRGA (LI-COR 6200, LICOR,
Lincoeln, Nebraska).

Visible injury and destructive harvest: Number of injured
leaves and degree of injury were assessed on each leaf on
each plant after 50 days of filtration prior to the
destructive harvest.

Plants growth was assessed destructively at the end
of the filtration (51 days after seeding). All plants were
divided mto main organs, dried m1 an oven at 105°C for
one week and weighed to assess crop growth.

Data analysis: Data were subjected to three-way ANOVA
based on chamber means mn the case of OTCs experiment,
using O3, EDU and benomyl as factors and two-way
ANOVA based on subplot means in the case of field
experiment, using EDU and benomyl as factors. Light
intensity (PPFD) was used as a covariate in ANOVA of
gas exchange measurements, while no covariates were
used in ANOVA of leaf injury and growth parameters.
Data were log-transformed prior to analysis to ensure that
they were normally distributed.

RESULTS

Air quality: Air quality at the experimental site was
characterised by very low concentrations of SO, and NO,,
where the mean 6-h concentration of these gases were
11.5nl L™ each (Table 1).
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O,
(8 h d™"), with hourly maximum ozone values reached 105
nl L™ at least twice during the experimental duration in
the hottest sunny days.

concentration was averagedto be 88 nl L.~

Filtration efficiency was 86% for O, and 74 for SO,
and NO,.

Antioxidant field study: Treating plants with 150 ppm
EDU or 550 ppm benomyl caused an increase in
photosynthetic rates (A) of clover plants by 27 and 13%,
respectively (Fig. 1). On the other hand, stomatal
conductance (g,) showed an mncrease in non-EDU and
non-benomy! plants by 34% (Fig. 1).

There was no sigmificant (p=0.05) differences
between effects of different concentrations of EDU and
benomyl.

As the concentration of EDU used mcreased a better
protection against O, damage to growth parameters was
observed; a concentration of 150 ppm EDU caused
increases in RDW, SDW, TDW and RSR by one fold,

Table 1: Effects of EDU or benomyl on growth parameters under Egyptian
field conditions

Treatment SDW(g) RDW (g) RSR(g) TDW (g)
Control 0.35a 0.07a 0.20a 0.42a
50 ppm EDU 0.40b 0.11b 0.27b 0.51b
100 ppm EDU 0.57c 0.15¢ 0.26b 0.72¢
150 ppm EDU 0.61d 0.20d 0.33¢c 0.81d
200 ppm EDU 0.61d 0.21d 0.34c 0.82d
250 ppm benorryl 0.39b 0.10a 0.26b 0.4%
350 ppm benoryl 0.46b 0.12b 0.26b 0.58¢
450 ppm benomyl 0.63¢ 0.17¢ 0.27b 0.80d
550 ppm benomyl 0.62¢ 0.18¢ 0.2%h 0.80d

Means not followed by the same letter are significantly different from each
other at p<0.05
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Fig.1: Increase in photosynthetic rates (A) of clover
plants
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Table 2: Effects of EDU or benomyl on visible injury symptoms under
egyptian field conditions

Treatment. No. of injured leaves Degree of injury
Control 1.98d 1.67d
50 ppm EDU 1.56¢ 1.33¢
100 ppm EDU 1.02b 0.93b
150 ppm EDU 0.45a 0.37a
200 ppm EDU 0.42a 0.40a
250 ppm benomyl 1.85d 1.55d
350 ppm benomyl 1.47d 1.20¢
450 ppm benomyl 1.18¢ 0.95b
550 ppm benomyl 0.7%ac 0.83b

Table 3: Effects of EDU and benomy| on visible injury symptoms in OTCs

Number of Degree of

Treatment injured leaves injury

FA-antioxidant 0.36a 0.39a
FA+50 ppm EDU 0.3% 0.38a
FA+100 ppm EDU 0.35a 0.36a
FA+150 ppm EDU 0.31a 0.32a
FA+200 ppm EDU 0.38a 0.32a
FA+2350 ppm benomyl 0.37a 0.40a
FA+3350 ppm benomyl 0.36a 0.38a
FA+450 ppm benomyl 0.34a 0.38a
FA+550 ppm benomyl 0.33a 0.37a
NFA-antioxidant 1.89d 2.01c
NFA+50 ppm EDU 1.21c 1.83¢
NFA+100 ppm EDU 0.91b 1.05b
NFA+150 ppm EDU 0.38a 0.45a
NFA+200 ppm EDU 0.3% 0.42a
NFA+250 ppm benomyl 1.61d 1.89d
NFA+350 ppm benomyl 1.30¢ 1.38¢c
NFA+450 ppm benomyl 1.00¢ 1.02b
NFA+550 ppm benomyl 0.65b 0.75b

43, 29 and 62%, respectively (Table 2). However, treating
plants with 200 ppm EDU did not cause any significant
change compared to 150 ppm and the effects of both
concentrations were comparable.

Furthermore, Table 2 shows that treating clover
plants with benomyl gave a protection against damaging
effects of O; and again as the concentration of antioxidant
chemical used mcreased the degree of the protection
applying benomyl at
concentration of 550 ppm (the actual concentration used
by farmers in agricultural practice in Egypt) gave better
protection than the other concentrations of the same
chemical used in the present study. Tt caused increases in
RDW, SDW, TDW and RSR by 75, 47, 25 and 60%,
respectively (Table 2). However, EDU gave better
protection than benomyl.

mncreased. Nevertheless, a

Visible ijury symptoms appeared as flecking on the
upper surfaces of clover leaves.

Exposure to ambient air caused increases in number
of mjured leaves and degree of mjury 4 and 5 fold,
respectively (Table 3).

The extent of mjury was sigmificantly reduced by
application of EDU or benomyl. Again, as in growth
parameters, as the concentration of the antiozonant
chemical used increased the degree of protection against
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Fig. 2: Increase in g, of clover plants

protection against foliar injury while 550 ppm benomyle
decreased degree of injury and number of imjured leaves
by 62 and 34%, respectively (Table 3).

Filtration study: Exposure to NFA caused mcrease in g,
of clover plants by 29%, while it caused a reduction in A
by 30% (Fig. 2).

Moreover, plants treated with either EDU or
benomyl, either with or without filtration showed no
significant differences in A and g, from the control plants
(Fig. 2).

The number of injured leaves and the degree of
injury were decreased by 4 and 5 fold, respectively due to
treatment with 150 ppm EDU, while application of 550 ppm
EDU caused increase by 2 fold m both parameters
(Table 3).

As 1n the field, 200 ppm EDU gave the same
magnitude of protection agamst O, as 150 ppm EDU.

Table 3 shows that plants treated with either EDU or
benomyl caused a protection against detrimental effects
of O,, as plants treated with wither EDU or benomyl
showed an increase in growth parameters measured in the
O, damage mcreased with 200 ppm EDU giving full
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Table 4: Effect of EDU or benomyl on growth parameters in OTCS

Treatment SDW(g) RDW(g) RS8R (g TDW (g)
FA-antioxidant 0.85d 0.24c¢ 0.28a 1.09d
FA+50 ppm EDU 0.91d 0.25¢ 0.27a 1.16d
FA+100 ppm EDU 0.89d 0.25¢ 0.28a 1.14d
FA+150 ppm EDU 0.89d 0.27¢ 0.30a 1.16d
FA+200 ppm EDU 0.90d 0.26¢ 0.29a 1.16d
FA+2350 ppm benomyl 0.83d 0.24b 0.29a 1.07d
FA+350 ppm benomyl 0.86d 0.23b 0.27a 1.09d
FA+4350 ppm benomyl 0.85d 0.26¢ 0.30a 1.12d
FA+550 ppm benomyl 0.88d 0.26¢ 0.29a 1.12ad
NFA - antioxidant 0.28a 0.09a 0.32a 0.37a
NFA+ 50 ppm EDU 0.35a 0.11a 0.31a 0.46a
NFA+100 ppm EDU 0.45b 0.16b 0.36b 0.61b
NFA+150 ppm EDU 0.6lc 0.22¢ 0.36b 0.83¢
NFA+200 ppm EDU 0.62¢ 0.19¢ 0.30a 0.81c
NFA+250 ppm benomyl  0.30a 0.10a 0.33a 0.31a
NFA+350 ppm benomyl  0.39a 0.13a 0.33a 0.52a
NFA+450 ppm benomyl 0.44a 0.15a 0.34a 0.59b
NFA+550 ppm benomyl ~ 0.58b 0.21b 0.36b 0.79¢

present study with EDU having better protection than
EDU. Moreover, as the concentration of applied
antiozonant chemical increased. The degree of protection
increased.

One hundred and fifty ppm EDU caused significant
mcreases m RDW, SDW, TDW and R SR by 2 fold, 74, 65
and 93%, respectively (Table 4). However, growth
parameters increased due to application of 50 and 100 ppm
EDU but at a lower extent than 150 ppm. There was no
significant difference between the effects of 150 ppm and
200 ppm EDU on these parameters (Table 4).

Five hundred and fifty ppm EDU caused increases in
RDW, SDW, TDW and RSR by 2 fold, 71, 50 and 82%,
respectively and this 1s consistent with visible injury

symptoms.

DISCUSSION

Filtration efficiency is comparable to the results of
Weigel et al. (1987) who reported that filtration efficiency
for O, n their study on mmpact of filtration of air on wheat,
was 87 and it was 86% m our study. However, the
filtration efficiency in our study was higher than that
reported by Zhang et al. (2001) who reported ca. 50%
filtration of air on native species.

The measurements in the present study were carried
out during winter season (October-December 2003), ozone
levels are likely to be higher during summers when
daylight periods are longer, with higher temperatures and
uradiance. There 1s evidence that the levels of ambient O,
in Egypt are higher during summer times than during
winters. Thus the adverse effects of O; on crops in Egypt
may be greater in the summer seasons. However, during
summer periods, crops may experience drought stress, an
important environmental factor altering response of plants
to O, (Hassan et al., 1999). However, this crop grows from
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October to December and this is the winter season in
Egypt and there is no possibility that this plant may suffer
drought stress.

However, low concentrations of NO, and SO2 were
recorded i the present study and this furthers our early
suggestion that it 13 unlikely that SO, and NO, were
present in any significant concentration at this rural site
(Hassan et al., 1993).

The use of OTCs allowed an assessment to be made
of the effect of the antiozonant chemicals (EDU and
benomyl) on the Egyptian clover in the presence of
filtered and non-filtered air. OTCs experiment clearly
indicated that EDU and benomyl provided protection
against visible mjury against O,, as suggested, m a
variety of plants, by Manmng ef af. (1973, 1974),
Hassan et al (1995), Varshney and Rout (1998).
Moreover, OTCs clearly indicated that EDUJ and benomyl
had no toxic effects on growth and physiology of clover
plant when applied to plants grown m clean air, this
finding is in agreement with our previous research, which
has reported an absence of EDU-phytotoxicity in radish
and turnip plants when fumigated with 80 nl L.™" O, in
OTCs (Hassan et al., 1995). Moreover many other studies
have reported absence of EDU and benomyl toxicity in
many crop species including clover (Manning et al., 1973,
1974; Towvenen et al., 1982; Clatk et al., 1984; Brennan et
al., 1990, Velissariou and Kyrazi, 1996).

Our results, especially field experiment, are simailar to
that of Velissariou and Kyrazi (1996) who reported that
EDU caused an increase by about 90% in biomass of an
Egyptian variety of clover (Trifolivm alexandrinm L. cv.
Lito), which 1s of the same size of the effect of EDU 1n our
study, while benomyl in their study gave a better
protection that it did in the present study. This may be
due to the cultivars used, O, concentration (was 64 nl L™
1n therr study with AOT40 = 18010, while O, concentration
in the present study was 88 nl L™, with AQT40 = 19968).
EDU and benomy] did not affect stomatal conductance as
treated plants had the same gs as control and this
indicated that induced tolerance due to theses chemicals
15 biochemical m nature (through mediation of some
antioxidative systems inside plant tissues) and not
biophysical (due to stomatal closure) and this in
agreement with the results of Ommo et af. (1994). Hassan
et al. (1995) who reported that EDU did not alter the
stomatal conductance (gs) in white clover and radish
plant, respectively.

The results of OTCs support, confidently, that the
differences between antiozonant treated-plants
control plants
ambient O,.

and
i1 field can be ascribed to effect of
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Both OTC and field experiment showed that Egyptian
clover 1s very sensitive to visible iyjury for O, Growth
parameters measured in both experiments showed the
same trend as visible mjury, whether due to non-filtered
air in OTCs experiment or a lack of EDU or benomyl in the
filed experiment.

A short-term critical level (AOT40) for injury
development of 700 ppb-h O, has been suggested by
Fuhrer and Achermann (1994). The maximal AOT40 for
three consecutive days prior to the first observation of
injury in the present study was 1152 ppb-h. Thus, our
results clearly mdicated that this short-term critical level
does not always protect clover plants against O3-induced
iyuries and this in agreement with the results of Tonnenk
and Van Dijk (1996) and Pihl Karlsson ez al. (2003) on
subterranean clover.

Photosynthetic rates (A) were found to decrease in
OTCs due to NFA and m the filed due to untreating with
antiozonant chemical. This provides further confidence
that effects observed in the filed were due to O,
Moreover, the percentage reduction in A and growth
parameters were higher in the present study than other
studies which indicated that Egyptian clover may be more
sensitive than western cultivars that used m ICP-
programme Therefore, it is worth in a future study to
mvestigate the variaton among different cultivars of
clover, including Egyptian one, to identify the most
sensitive cultivar to be used as a bio mdicator worldwide.
One possible explanation of the greater sensitivity of
Egyptian clover 1s provided by the observation that O,
was found to increase the stomatal conductance (g,)
which 1s considered detrimental as it would increase the
0, flux into the leaf, with subsequent disturbance to
physiology and biochemistry, which ultimately reflected
in growth and yield.

The present study provided further confidence that
EDU and benomyl suppress the detrimental effects of O,
and can be used to assess the impact of O, on crops
under remote field sites, where there are technical
problems and himitation of controlled exposures and OTCs
(Manning, 2000). Moreover, these chemicals can be used
without interfering with plant growth itself.

Further worle is urgently needed to quantify the
mmpact of O, on other important crops in Egypt. While the
construction of OTCs would provide an ideal approach to
this, this study has demonstrated that EDU and benomyl
provide valuable tools to estimate the impact of O, on
crops 1 Egypt.

ACKNOWLEDGEMENT

This research was supported with a grant from the
British Council (Higher Education Link, DFID).

400

We are indebted to Prof. D. Grantz (California
University, USA) for lending us LICOR and Prof. A'W.
Davidson and Dr. J. Barnes (Newcastle Umiversity, UK)
for supplying a generous quantity of EDU.

REFERENCES

Ashmore, M.R., A. Mimmack, R. Mepsted and TN.B. Bell,
1986. Specification of OTCs. In: Microclimate and
Plant Growth in OTCs. COST/CEC ReportNo.5, CEC
Brussels, pp: 131-135.

Bambawale, O., 1998. Control of O, injury on potato. Ind.
Phytopathol., 42: 509-513.

Barbo, DN., A H. Chappelka, G.L. Somers, M. Miller, 3.
Goodman and K. Stolte, 2002. O, inpacts on lobolly
pine (FPirus taeda L.) grown i a competitive
environment. Environ. Pollut., 116: 27-36.

Becker, A, M. Saurer, A. Egger and L. Fuhrer, 1989.
Sensitivity of white clover to ambient O; in
Switzerland. New Phytol., 112: 235-243,

Brennan, E.G., B.B. Clarke, B. Greenhalg and G. Smith,
1990. An assessment of the impact of ambient O; on
field-grown crops in New Jersey using EDU method.
Part 2- soybean (Glycine max (1..) Merr). Environ.
Pollut., 66: 361-373.

Brunschon-Harti, S., A. Fanmeier and H.J. Jager, 1994.
Effects of ethylenediurea and O, on the antoxidative
systems 1n beans (Phaseofus vulgaris L.). Environ.
Pollut., 90: 85-103.

Carnahan, I, E. Jenmer and E. Wat, 1978. Prevention of O,
ygjury to plants be a new protectant chemical.
Phytopathology, 68: 1225-122%.

Chappelka, A H. and BI. Chevone, 1992. Tree response to
O,. In: Surface Level O, Exposures and Their Effects
on Vegetation.(Ed. A S. Lefohn), Lewis Pub. Inc,
Chelsea, Michigan, pp: 271-324.

Clarke, B., B.B. Brennana and J. Rebbeck, 1984. EDU: A
tool for assessing crop losses due to ambient O
Phytopathology, 74: 483-500.

El-Khatib, A A, 2003. The response of some common
Egyptian plants to O, and their use as boindicators.
Environ. Pollut., 124: 419-428.

Farag, S.A., HF.S. Rizk, RM. El Bahnasawy and
MI Meligy, 1993. The effects of pesticides on
surface O,concentrations. Int. T Environ. Edu
Inform., 12: 217-224.

Foster, K.W., I.P. Guerard, R.J. Oshima, J.C. Bishop and
H. Tunm, 1983. Differential O, susceptibility of

and  whit potato

demonstrated by fumigation and antioxidant

treatments. Am. Pot. I, 60: 127-135.

centenmial  russet rose as



Res. J. Biol. Sci., 2 (4): 395-402, 2007

Fuhrer, J. and B. Achermann, 1994. Critical levels for O, A
UN-ECE Workshop Report. Federal Research Station
for Agricultural Chemistry and Environmantal
Hygiene. Report No. 16. Liebefeld-Bermn, Switzerland.

Hassan, I.A., M. R. Ashmore and JN.B. Bell, 1994. Effects
of O on the stomatal behaviour of Egyptian varities
of radish (Raphanus sativus L. cv. Baladey) and
turmp (Brassuca rapa L. ov. Sultani). New Phytol.,
128: 243-249,

Hassan, I.A., M. R. Ashmore and JN.B. Bell, 1995. Effects
of O; on radish and turmp under Egyptian field
conditicns. Environ. Pollut., 89: 107-114.

Hassan, LA, J. Bender and . Weigel, 1999. Effects of O,
and drought stress on growth, yield and physiology
of tomatoes (Lycopersicon esculentum Mill. cv.
Baladey). Gartenbauwissenschaft, 64: 152-157.

Hassan, TA. and S. Anttonnen, 1999. Changes in
nitrogen metabolism in leaves of bean (Phseolus
vulgaris L. cv. Giza 6) in response to O;. Pak. J. Biol
Sci., 2: 327-331.

Hassan, T.A., 1999. Air pollution in the Alexandria regoin,
Egypt. 1. An invstigation of air quality. Int. T.
Enviromn. Edu. Inform., 18: 67-78.

IPCC., 1992. Climate change. In: The Supplementary
Report to the TPCC Scientific Assessment. (Eds. I.T.
Houghton, B.A: Callander and SK. Vamey). IPCC,
Cambridge University Press, Cambridge, UK.

Kuehler, E.A. and R B. Flaglar, 1999. The effect of sodium
erythrbate and EDU on photosynthesis function of
0, -exposed lobolly pine seedlings. Environ. Pollut.,
105: 25-35.

Krupa, S.V. and W.J. Manming, 1988. Atmospheric Oy
formation and effects on vegetation. Environ. Pollut.,
50: 101-137.

Manmng, W.J., 1988 EDU. A research tool for
assessment of the effects of O, on vegetation. Air
Pollut. Contr. Assoc. Meeting. Paper 87/69.2.

Manning, W.T., 2000. Use of Protective Chemicals to
Assess the Effects of Ambient O, on Plants. In
Environmental Pollution and Plant Responses (Eds.
S.B. Agrawal and M. Agrawal). Lewis Pub., New
York, Washington DC., pp: 247-258.

Manning, W.J., R.B. Flager and M.A. Frenkel, 2003.
Assessing plant response to ambient ozone: Growth
of O3-sensetive loblolly pine seedlings treated with
ethylenediurea or sodium erythorbate. Environ.
Pollut., 126: 73-81.

Manmng, W.I. and S.V. Krupa, 1992. Experimental
Methodology for Studying the Effects of O3 on
Crops and Trees. In: Surface Level O, Exposures and
Their Effects on Vegetation. (Ed. A.S. Lethon). Lewis
Publication, Chelsea MI.

401

Manning, W.J., W.A. Feder and PM. Vardaro, 1973.
Benomyl m secil and response of pinto bean plants
to repeated exposures to a low level of O,
Phytopathology, 45: 539-544.

Manning, W.J., W.A. Feder and PM. Vardaro, 1974
Suppression of oxidant mjury by benomyl: Effects on
yields of bean cultivars in the field. J. Environ. Qual.,
3:1-3.

Mortensen, .M., 1992. Effects of O; on growth of seven
grass species and one clover species. Acta Agric.
Scand. (B), 42: 235-239.

Mortensen, L. A. Bastrup-Birk and H. Ro-Poulsen, 1996.
Critical levels of O, for wood production of European
Beech (Fagus sylvatica L.). Water, Awr and Soil
Pollut., 85: 1349-1354.

Nasralla, MM. and A.A. Shakour, 1981. NOx and
photochemical oxidants in Cairo city atmosphere.
Environ Int., 5: 55-60.

Oksanen, E.Jk, 2001. Increasing tropospheric O,
level reduced biuch (Betula pendula) dry mass
within a five years period. Water, Air and Soil Pollut.,
130: 947-952.

Ommo, O., I. Bender and H.J. Weigel, 1994. Effects of O3
on white clover: Protection of O3 damage by
ethylenediurea. Angew. Bot., 68: 146-150.

Pihl Karlsson, G., G. Selldén, L. Skérby, and H. Pleyjel,
1995a. Clover as an indicator plant for phytotoxic O,
concentrations. Visible injury i relation to species,
leaf age and exposure dynamics. New Phytol.,
128: 355-365.

Pihl Karlsson, G., H. Pleijel, E. Sild, H. Danielsson,
(. Selldén, L. Ericson and L. Skirby, 1995b. Clover
Sweden-a national five year study of the effects of
tropospheric O, on Trifolium subterraneum L.
Water, Soil and Air Pellut., 85: 1503-1508.

Pihl Karlsson, G., P.E. Karlsson, H. Danielsson, and H.
Pleijel, 2002. Tmpact of day-time and/or night-time O,
exposure on visible imury and leaf conductance of
subterranean clover (Trifolium subterraneum). In:
Bioindicatoion of Air Quality in European Cities-
Research, Application, Commumnication. (Eds. A.
Klumpp, A. Fomin, G. klumpp and W. Ansel).
Stuttgart: Heimbach Verlag, pp: 380-389.

Pihl Karlssen, G., P.E. Karlssonn, H. Damnielsson and
H. Pleijel, 2003. Clover as a tool for bicindication
of phytotoxic Q. Five years of experience
from southern  Sweden-Consequences for the
short-term critical levels. The Sci total
Environ., 301: 205-213.

Toivonen, P.M., G. Hofstra and R.T. Wukasch, 1982.
Assessment of yield losses in white bean due to O,
causing the antiozonant EDU. Can. J. Plant Pathol.,
4: 381-386.



Res. J. Biol. Sci., 2 (4): 395-402, 2007

Tonmneijck, A.E.G. and C.J. Van Dijk, 1996. Effects of
ambient O, on Trifolium subterraneum and
Phaseolus vulgaris at four rural sites m the
Netherlands assessed using Ethylenediurea (EDU).
Tn: Critical Levels for Ozone in Europe: Testing and
Finalizing the Concepts. (Eds. L. Kéarenlampi and L.
Skérby). UN-ECE Workshop Rep., University of
Kuopio, Department of Ecology and Environ.
Science, Finland, pp: 320-324.

Thompson, AM., 1992. The oxidizing capacity for the
earth’s atmosphere: Probable past and future
changes. Sciences, 256: 1157-1165.

Varshney, C. K. and C. Rout, 1998. Ethylenediurea (EDU)
protection against O, injury in tomato plants at Delhi.
Bull. Environ. Cont. Toxicol.,, 61: 188-193.

Velissariou, D. and Kyrazi, 1996. A sensitive clover
variety-bioindicator for ozone. Response
antioxidant protection. In: Critical Levels for Ozone in
Europe: Testing and Falizing the Concepts. (Eds. L.
Karenlampi and L. Skérby). UN-ECE Workshop Rep.,
University of Kuopio, Department of Ecology and
Environ. Science, Finland, pp: 351-354.

to

402

Wahid, A., E. Milne, R.A. Shamsi, M.R. Ashmore and
F.M. Marshall, 2001 . Effects of oxidants on soybean
growth and yield in the Pakistan Punjab. Environ.
Pollut.,, 113; 271-280.

Weigel, H.T., G. Adaros and H.T. Jiger, 1987. An open top
chamber study with filtered and non-filtered air to
evaluate effects of air pollutants on crops. Environ.
Pollut.,, 47: 231-244.

Weigel, H.I. and H.J. Tager, 1988. Zur dkotoxikologie von
Luftschadstoffen. 1I. Aufbau und funktionsweise
einer expositionsanlage aus open - top kammern zur
untersuchung  von  immissionswirkungen — auf
Pflanzen. Landbauforshung Vélkenrode, 38: 182-195.

WHO/UNEP, 1992, Urban Air Pollution in Megacities in
The World World Health Organization, United
Nations Environmental Programme, Blackwell,
Oxtord, UK.

Zhang, 1., J.A. Ferdnand, D.J. Vanderheyden, J.M. Skelly,
and J.I.. Tnnes, 2001. Variation of gas exchange within
native plant species of Switzerland and relationship
with O; injury: An open top experiment. Environ.
Pollut,, 113: 177-85.



