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ABSTRACT

The aim of this study was to test and select one or: more highll
sensitive, specific and environmentally successfu I Eg1?tian bioindicators
for oznn,e (Or). For that purpose more than thirty Egyptia.rr species anil
cultivars were subjected between 1993 and 1995 to e;,$ens;ive screeninE
studies u:nder controlled environmental and pollutant ex.posure conditions
to mimic the Egrptian environmental cor*ditions and or ltlvels in urban
and rural sites Four piant species were found to be more s,i,:nsitive to Q
than the universalli' used Or-bioindicator., tobacco gsi \,\i3, under the
Egrptian environmental conditions used. These plant s1:iecies, Jew's
mallow (Corchorus ohtortus cv. local). white slover {{rifoli,um repen.sL
c.r'. Masry), garden rocket {Eruca stiva c.l'. local) and alfbliia Qvfedtutgo
.sotit:a L. c v locai), ranked in order of decreasing sensitivity, exhibited
typicai O3 injury syrnpton$ faster and at lower Or c$nc€j'rrtrations than
tobacco Eel W3.

Three parameters were tested in search of a reliable tool for the
diagnosis and prediction of or hidden damage prior to the a.ppearance of
visual foliar sympioms: pigments degradation, stomatal concluctance (G)
ancl net photosynthetic COz assimilation (P,") pigmenr deg,radation was
found to be unreliable in predicting species sensitivity'to c)r. Evidence
supportinfl stomatalconductance involvement in Or toleranc,rl were found
only in tolerant species. A good correlation was fuund between G,,
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restriction of or and co2 influx into the mesophyil tisses, and p""
Changes in P* s€emed to depend largely on fluctuations in G.

INTRODUCTION

ozone (or) in the troposphere have surbstantial impacts on agriculture
worldwide. It causes more plant damage than all the other air pollutants
combined (Heagle, 1989 and Lefohn, l99l) Indusrrial activity in the
twentieth rs€ntuv has lead to a rise in oz,one level in urb:ur regions and
even in rpmote rural areas. ozone iis produced by prhotochemical
reactions cf the primary precursors sugh as hydrocartons and nitrogen
oxides (|tro-). Emissions of these precursors are increased by
industrializAtion and the growing numbers of motor vehicles.
Furthermorp, o3-producing photochemica:l reactions are favrcured by high
temperaturr6 and high light intensities (Lefohn, r99r). In many
developing countries like Egypt, urbanization and irrdustrialization is
rapidly growing. urban population grov,th rates in Esypt reached 3.49,o
in 1990, also, the number of industrial plants and powu stations has
increased rubstantially over the rasr de*rde (19g0-1990) (,wHoAjNEp.
1992). Emissions of c[ precursors regulting from cars and truses alone in
cairo have subsequentiy doubled over this decade (wlro/{'rNEp, I992}.
Furthermoro, the climate in Egypt is frequently suitable for the formation
of high o3 concc,ntrationis by photochemic;al reactions esprrcially during
the zumrner.

Relafively little is known about the ambient levels o:For in Egypt
due to the high cost of using instrumental monitoring to assiess o3 levels
in urban anr{ rvral areas. F'ew research groups have attempted to measufe
surface or levels in Cairo. Nasralla and Sh;akour (l9gl), usirg the neutral
KI method, reported an or concentration of 100-200 ppb for most ofthe
year, which lncreased during surnmer mon*rs (May-July) sh<lwing a peak
hourly concFntration of 500 ppb. In a ,ratter r€pffi, they ,meazured G3
concentratiofs in a residential area of Cairo, using a UV photometer.
They reportd or levels in tjre range of 5Ji-70 ppb during the summer of
1989 (wHq,tlNEP, lw2). The most recent publication war by Fuaget
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al. (19931 Thev monitored O: in urban and rural sites around Cairo in

1991- 1992 using {.IV photcineters" and found mean 0; corcentrations c'f

i00 ppb or more in rural and *rban area.s ciuring the surnrniri searcri
'Inerefcre, there is an'incre;sir.g intercst :tir develr:rpinr

lechniquers to mcrnitr:r tlre levels q:lsurfbce O; en'j f+ iietei:ti its e*"er:ts +r:

agricultr-ire and ulban ei;csr,;sten:s ,8r us€li.lt :.xii i!'l .cl.,ch Sli efltfl rv,rirj.'
b* a pli;rrt s\ stsm f.hht res;i;*cls tq; ambieni i+,'r'*ii *1"{"!r v. i'i?r tvpicai ari :

chaiairler-istic symiltom:; i1,i'el;rstsiil *t tl . X?1i*i fJ.,,'ei" tl:r !'*Brr:.

metlio,js have bmn 6s';sj6:p*d t{, use, .i{lnslli\,e plarrt species ?.

broindlcators for the deiectii;i rerJi:sniii,i:rr a"i:ii norrtcrir:rc *iair'briix"
pcilirtanls.

'fhe use g.ri' pliirrt L;iamc,aitors is ccnsiCer{:,C eii inerpen-srii'.
howele;. reliatlle suppii:ineiii or ;*bstitute t,{.i vrl"'i cxf}*r1Si'"€ rir:rinild}i-:i':

s)"sterns empioyirrg sophistrcatdd instrumenis tlila-n*iitg&.Feder. iqStli
Ferhaps ihe most irnportant advantage of tliomcnit:oring wilh pla-ni:; t--.r'rr

irstrumental rnonitorins is the capa,:ity r:f'ulrants tc absortr and inte:rratr;

d{rses er1' polluta"nts cver a wide range oX-envir-onmenis 'l'hus, ttrev arr;

ai:le t* expl'ess the bioicg:icai eftbct of'a paliutant dose whiie integ atir;*
c!rmatic i:irlturai and qerretic tactois int* theii resrLrfls': ft\il:insiein ,?t {il .

t 99ii !

'i'iie irs: n{' frlant as bii:i:tciicators ;Bnfi bliiir-ii}nr,tcrs *f embr;rt:nt a,
q;iaiilv has i.re*r, :i:,::rl'ut,hl"o. dr.;cuil:t'rl:tcd and lel,ien,*d in ssve:;:
pi-rbtrcations {'ltannina Jt I;eriei. il}iitC. ilteubing & };,ge r. } a8^

Fogth,."rrnii,s, i982 and "foneiieir & Posih*nr:-rs. i98?) 5*rne of ti:e l.re:,1

defined €:xampier *f tr;ioindicar*:rs piariis for gaseoi.rs ;dr pi;ilr:tani:.
rn,:iurie fhose use<J to iieiect hydrageri flr:o;-ide ai"rd ,)zcni:r $,Iannln:r 1"

Feder. 1980 and Heggastad, l99l). The rnosr extursiveiy used piarri

indicator for oz.one has been the tobacco cultivarBr':l-W3 (Heggestaci.

1991), an extrernely sensitive plant to Clr which displayrr recognizabie
and typical injury symptonrs almost ereryu'here it is grown The tobacca
indicator system was improved by comparing the response of Bel-W3 to
the response of Bel-8, an O:-tolerant cultlvar. This tobacct,o system was
successfi.rlly used in Or biomonitoring programs to detect th,e existenc€ of
phytotoxic level of tropospheric O: and to provide rough estimates of
relative seasonal concentrations of or in different cities in Eulrope,
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Canada arld USA (Kromroy et al.,|98l;Tonneijck, lg89; Mignanego et
al., |992;Runeckles & Boweq 1993; Gmeno et al.,1995 aurd Della Mea
et al., 199'l) A wide variety of other plant species have ber:n used as Or-
bioindicatclrs. Thsse plant species include white clover{Becke,r etql.,
1989 and Heagle et al." 1995),radish(Kostka-Rick&Manning, 1993)

beans (GurV & Heath, 1993) watermelon (Gmeno et ul., 1993 and

Ferandez-Ilayon et a|.,1993) and cotton ('lemple, 1990).

Pla:41 response to air pollutants is dependent on a hc'st of climatic,
physiologiq, edaphic and genetic factors which can alterr the type and

severity of foliar symptorns (Heck et a|.,1979). It is, thereftlre imperalive
that screening snrdies, designated to select zuitable bioindicator plants, be

conducted nrnder the san:re environmental conditions in lvhich they are

going to trc used as bioindicators. Thiri would ensure that meaningful,
reliable anrf repeatable dose-response relationships could be generated.

Air pollution monjtodng in Egypt is extremely limited because of
the probleirps associated with the high cost of instrumental monitoring
and the urpvailabilrty oli reiiable biomonitors adapted to the Egyptian
envirorunerqt. 'fhe present snrdy repofis an attempt to,devrelop Egyptian
bioindicatc'rs for ozon€ and was desipgred to achieve the following
objectires: l) 'the screerning of a large .number of plant species and

cuitivars ryhich are aiready srrited arrd adapted to the Egy-ptian

environmental conditions in order to select candidLates for Os

bioindicatirm; 2) Testing of the selected plant material exlernsively under

controlled pnvironmental and pollutant exposure conditions in orderto
relate synptoilrs or changes in plant perfibrmance to particular Ol doses,

3) testing plants at more than one stage,of growth bearirrg in rnind the

differential sensitivity to air pollution associated with plant age;and 4)
testing the selected plant nraterial in an att;empt to find addittional reliable
diagnostic tools which can predict Oj darnage prior to the appearance of
visual foliaf injury such as pigment content, photosynthetic capacity and

stomatal reripons€.
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il{ATERIALS AND METHODS

l. Plant Material
Sixteen Egyptian plant species and cultivars were $elected from

the rnajor plant material cunently cultivated in Egypt. These plant
vanelies were selected to include species reported in the literature to

be Or-sensitive and others which were listed as Or-toleralrt. A detailed

listing of the plant species used with respect to cornmon name"

scienti{ic name- cultivar(s) name(s). ozone sensiti''iity and literature
references is presented in Table (l). '[tretobacc.o cultiivarsB€l W3
and Bel B which are the most widely used plant material in Or

bioinonitoring progams worldwide (Tonneijck" 1989; l,lignanego el
al., 1992', Runeckles & Bowen 1993; and Grmeno et a|.,1995) were
also included to test their relative serisitivity under t,he Egpptian
environrnental conditions used in this study, and to use them as

reference to compare with the Egyptian species of urrlinoun Or-
sensitir,ity. All the seeds of the Egyptian piant species were obtained
from tlne Horticulture Research Station, Dokky, Egypt Seeds were
planted in lO-cm kord fiber pots containing Con'lell mix, a

peat/vermiculite mixture (l:2) supplied with Dolomatirr Lime and

Peters LJni-Mix Plus tl to give a trace element range of l0-10-5 Plants
were growrr in a controlled-environment greenhouse uncler simulated
Egyptian fall-winter, light, temperature and relative humidity
conditions. The greenhouse was maintained at 24ll8"C day/night
temperatures, 55-650lo relative humidity and a 14hr photoperiod.

2. Sensitivity Screening Experiments:
Preliminary testing experiments were conducted irrL 1993 in the

laboratory at the Faculty of Agriculture, Alexandria Liniversity, Egypt,
in which more than 30 Egyptian species and cultivars were screened
for Or sensitivity by exposing them to an acute ozone dose of 200-300
ppb for short durations (3-5 days) in continuously stined tank reactors
(CSTR's). From these experiments sixteen plant species were
selected for further testing under controlled environmental conditions

-5-
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at Boyce Thompson Instirute for Plant Research at cornell universitv.
USA during the summers of 1994 and 1995.

The sensitivity of the different plants was tested at fil'o or three
growth stages: a) an early vegetative stage (18-20 dayri fiom seed); b)
the active vegetative stage (32-34 da1-s from seed) and c) the iate
vegetative stage {50-!i3 days from seec}. Trvo differi*nt ievels of or
(50 and i00 ppbl rvere chosen to mirnic therizilnecilncentrationi;
reoelrily iepcneti rn rural and urban sites in Eg.Wt ,b-v Farag el r;,t

(l{r93i. Ail czr;ne sensiri-uity experiments \ierel rep,eated tr+"ice *l
tiuee tines **iih ri ir:dividuai plarit; as repiicates fcu," eat.rh trsa:ffent- ,ii
each oi- ? honaontai tlow furnigatiorr' chambers (n:6(r icrr each plani
vaireiy).

3. Ii:iposure tu czc'rrr:

.:tlantg '#grc lurii.rrreiy !"erltaveu i,-om ti',g :,ii*E,ii1ovs€ ,]I tt;c
fies,ircj gral.'.'it xrcg* ar:ci plai:er: ifi trle furnrg;alloi; cirambers ;c

stailii:::.e i4 I ieir;rs Oaoi"!€ erqrrjsure wa:s t,: sit,-:ri. 'iile 
i,lorl:.ofi:a,,-

iir:'*v iunriEa'iii:n charliels wer.ft egurppec wifl"i niu,ti-'siirour a{Kl hrgr,.
pi{}$sure sodium lanrps to provide a 14h photrpeirod at e iig:,:
interrsitV of 56Ct600 r,Eii'n':s-'. Airternperature insidethefirmigaiiori
chantbers was 24''c rJay/18"c nignt and the relativ*l humidity was
maintained betvreen 50€0%. Ozone was generated from pure
oxygen In an elecrical discfrarge generator (Grit'fin Trachnics corp ,

USAII and added ts the air entenng fie chamber contlnuously. One
charnber was supplied with clrarcoal filtered air and q,vas used as a
control {c{a). Four chambers were used for 03 rirxposure; two
chambers were adlusted to eacfr of the two 03 corrcenfuations 50 and
100 ppb and staiistically considered as separate replicates. Air
sarnples were drawn continuously throughout the fumigation period,
by $e help of solenoid valves, switching betvreen the control and
fumigation chambers e\€ry one minute. The revers,uf 03 in the air
samples drawn ftom all chambers was monitored using a UV-
absorption ozone analy'zer Oeco, Therrro EnMronmental lnstuments
Inc, USA) linked to a chart recorder. Plants were e4losed to 03 or

-7-
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cfa 6h pqr day br three or fi\€ @nsecutive days acc'rding to the
experiment

4. Rating Leaf lnjury:
Plant injury data was routinely collected and recordd every 24 tr,

at the beginning of the day before the starr of fumigation (lg h after
the end of the previous day's fumigation session). Rrnording of
visible sy{nptoms was cumulative and started on da1,2 arrd ended on
day 5. tqirry was rated by visual estimation of the injurred area on
each leaf; and the percentage of leaf areainjuredaccordingtoa0-
100% scalg in 50lo increments, was recorded. Dead or completely
yellowed leaves were given a rating rca%injury The rating system
used to svaluate the extent of foliar damage caused by ozone is
presented in Table (2)

Table (2)' Fhe rating system used for evaluating plant response to ol
fumigation

-8-

Rating of injury o/o injured leaf area Injury index

Ntone 0 0

Veryslight l-l 5 I

Slisht t6-25 1

Moderate 26-5A 3

Severe 5l-75 4

Very severe 76-t00 5
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5. Pigment Extraction and snalysis:

The first fully expanded leaf was used for the quantit.ative analysis

of pigneent contents when plants were at the early yegetative stage (18

days from seed), and the second leafwas used when they were at the

latter stages of growth (34 or 53 days from seed). Chlor,ophyll 'a' and

'b' and total carotenoids concentrations were measured irn leaf extracts
prepared with 96% (vlv) ethanol according to the exlracl:ion method of
Knudson et al., (1977\. Absorbances of the chkrrophLyll extracts a1

6$5, &9 and 470 were measured spectrophotometrically. The

individual levels of chlorophyll 'a' (chl a), chlorophyll 'b' (chl b) and

ttre total amount of carotenoids (car) were calculated fiom equations
derived for the solvent ethanol by Lichtenthaler and Werllburn ( 1983 )
Samples for pigment extraction were collected lShaRertheendof
the fumigation session on the first and fifth day of 03 eq:nsure

6. Leaf Gas Exchange and Stomatal Clonductance
N{easurements of net photosynthesis (P"") and stomatal

conductance (G,) were made immediately post-fumigati*rn on the first
and third days of Or exposure. Nondestructive g,as exchange
measurements were taken on the first or the second firlly expanded
leaf when plants were 18 or 34 days old, respectiv,ely lsix plants per
cultivar from each of the horizontal-flow chambers wer{} used for gas

exchange measurements. Measurements were made usring a portable
photosynthesis system (LI-6200, LI-C{3R Inc , Lincoln, NE, USA)
equipped with differential infrared COz at:r,lyzrr (LI-62JI0) to monitor
changes in COz concentrations.

7. Statistical Analysis
Data were analysal 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 o1-trpe foriar injury symptoms r41ere observed on sevenof the sixrwn curtivars under stuoy Symptoms varied from interveinal

chlorosis t0 smar necrotic flecks orsippres which ranged in co!o1&om
vellorv tc) tan or white to pigmented dark resions, acc,;r=rdirrg to the prant
species examined. Four Eglrptian loca! cultivars werer mo,.e sensitil.e toOl than the universally used Cl:-bioirrdicatr:r, tobaccc l:v. IJel W3. These
cultivars v,'Fre Je$"s maxir:w {roc;rr 

'ar.), 
wrrite crove r {MIas:v}, garden

rocks {local var.) and alfalfa {i*ca! rar ) {T*ble 3i.
Jew's malluw the m*Et :ensitiv* r;prcies shu,wed .toriai injury

svmpicrnis afler onh' one iurniearion :session (ri hr) ar the io,,,,,est o3 levei
{50ppb) iie'u,'s raaric,*, $r.$ m{}st sensitive it: o: at the eari.y vegetative
$tage lliS rjavsl than at ili* rctir.* veg*ti,.ti.,,e slage (,r2 r:lavs) .l.lpical 

Sr
i'\'nrpt{}n-lF i}n Jlrr.r,'l n:all,ru., are er.hibitr:ii ii plet* (l !mci cr-,nsis{erl *f.
:,mi:1i. "*lr;ir,fi tc; hi;lr;;.: p:i:ictni*:ri t;iipJ:ies {_\it the uppel leef r;uriac:e 

.fJ,.r..

iirliriri(::: inflrea";eij anrl ioii!ssr:.ed r;ri* jei-eer !e"rign$ in tire fullc,,+ing ,Jay,s
n.iler i*p:ears,ri e;xprisur* tltipples ,u,e,-c rn*re aburtelant *r tlie iiprrr,el
iriargirrs 0f the leaves At the 50 ppb o3 exposure level. the sv*rptoms
ivere ${}merinnes diff"erent The upper surface of the lea:i acquired a
clearly' defined bumpy texture caused by the sweiling c,f gr'ups of ceris"
Later, these oells died and turned into dark lesions.

white clover was highry sensitive, to or at ther earry vegetative
stage (18 days). synnptoms on clover leaves were typical ozone flecking
after one futnigation session (6 hr) at the two oi teuets used (50 anct 100
ppb). It co'nsisted of small white or tan necrotic arcas on the upper
surface due to the death of palisade cells. The necrotic lesiors ,pr*o
and merged quickry, turning into bifaciar intreveinar bleaching and
necrosis (Plate 2).

Gardtxr rocker ranged third in Or-sensitivity because it developed
sympioms only after two or three fumigation sessions. However, at that
time the synlptoms were acute (injury index 3-5) and were cbserved on
leaves fumigued et the lower (50 ppb) and higha.(100 ppb) Or
concentrations. Injured leaves showed reddish-purpie pigmentation on
the upper leal'surface. The pigmented chlorosis *utint.iuJinal and it

-10-
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Control 50 pbb 100 ppb
Plate l:Or-induced injury symptoms; on Jew's mallo'w (Local)

50 pbb lfi) ppb
Plate 2. Or-induced injury symptoms on white clover (Masry)

f
Control

-11-



Msdh,oar & Laurene.

Contnnl 50 pbb
Plate 3: t$3-induced injury symptoms on garden roc[<et ft,ocal)

ry
lfil ppb

e) pbb 100 ppb
Plate.d: O3-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 atfalfa cultivar was also found to he sensitive to

Os at both levels studied. The symptoms 0f Q3 injur! \vere

observed after tuo fumigation sessions, and corlsisted of the

commonly encountered upper-surface li ght yellowgreen chlorosts

and necrosis ufitch tended to concentrate between the larger

veins. At the low G: level (50 ppb), the small lesions raere usually
bounded by the smallest veins resulting in small ang;ularly shapai
yellow.green areas sunounded by large areas of green tissues. At

the higher Os level (100 ppb), injury was more acute and leaves
developed large, yellowgreen chlorotic areas with many inegular
islancjs of normalgreen tissues scattered through theirm (Plate 4)"

T'obacco Bel W3 ranged fifth in sensitivitl' to Or when tested

under the Egyptian environmental conditions adoptedr in this stud,v.

Foliar injury symptoms developed on the oldest leaves of5&53 days old

plants, after twc fumigation sessions at rthe l00ppb level. and after thLree

O3 exfiasure episodes at the 50 ppb level. Typir:al '''weather fleck"
symptoms were observed and recorded (Plate 5) The symptoms were

characterized by numerous small lesion$ on the upp€r leaf surface of the

fully expanded leaves The individual flecks consisted of small lesions

of dead tissue caused bv the death of group of palisade cells. The lesions

rvere white-tan and had a rounded or angular shape.

The two cultivnrs of lettuce used in this study belonged to

different lettuce groups, Paris Island Cos belongs to the l{omaine leffuce

group, and Balady belongs to the Stem lettuce group. Thosetwo cultivars
were fbund to be less sensitive to Or thm the previously discuss*d

species and were ranged "'intermediate". Paris Island C,ps was found to

be more sensitive to Os than Balady at the active vegertative stage (32

days). However, Balady was more sensitive at the late rregetative stage

(50-53 days) Foliar injury consisted of large bilbciall light green to

yellow chlorotic areas at the tip and margins of older leaves Injury
spread towards the middle of the leafwitt: repeated fumigatioq and small

dark brown necrotic lesions occurred bifaciallv all ovrr the chlorotic
areas(Plates6&7).

- 13-
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Plat* 5. {}3-induced inprry syrnptcnrs,on tobacco (Bel ,vV3}

Control
Plate 6: Or-:induced

Cos)

s) pbb
injury symptoms

r{X) ppb
on Romaine lettuce (Faris Island

-14-



t.Fe$ ConL & Environ" ScL 7 ( I ) (1999).

Controil 50 pbb 100 ppb
Plate 7 O:-rnduced injury symproms on S.tem lettuce {Balady)

liensitir ity screening:
From the data presented in Table (l) it was concluded that the

four species, Jew's mallow (local). white clover (Masryi, garden rocket
(local) and alfalfa (local) were the most or sensitive species tested These
species used at the early 'vegetative stage ( l8 days frorn seed) were morr:
sensitive to O: fumigation at concentrations as lora, as J;0 ppb than the
known or-bioindicator tobacco cv. Bel w3 grown under Egyptian
environrnental conditions. 'rhese four curltivars were selected and
designated as candidates for oanne bioindication in Egypt.

llhe two lettuce cultivars were ranged "intennediate" in terms ol'
ozone tolerance. Their Or-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 sensit,ivity of bean
cuhivars to Or (USEPA5 1976), and their widespread use as Or-

-1 5-
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bioindicators (Manning & Feder, l9s0). Both these cultivars were found
to be tolerant to ozone at the two grorth stages tested. ll'he Egyptian
cultivars of' two other species *'hich were reported to brp sensitive to
ozone €xpo$ure, surnmer squash (Jacobson & Hill, lg70) and spinach
(Posthumus., 1982) did not deverop any visibre foriar srymptoms in
response to five days of 03 fumigation (6 t/day) at 50 or 100 ppb O3.

The four cotton curtivars (Gza 12, Gza 70, A-rexandria 4 and
Hybrid), the broad bean cultivar (Romy) and the okra cultivar (rong
Green) which'were selected as o3-tolerant bioindicators were found to be
also tolerant, under the environmental conditions ud in thiis smdy. No
symptoms were detected on any of those cuhivars at the: two growth
stages studiod after 5 days of exposure (6 t/day) to Or at levels common
in urban ( I 0rl ppb) and rural (50 ppb) ar.eas in ggypt (Farag et a|.,1993).

Leaf Pigmeut content:
The effect of ozone fumigation for 5 days on rhe revel of

chlorophyll ta' are presented in Table (a) The sensitive prlant species
showed vary'fing degrees 'f chlorophlrll 'a'loss. The magn:itude ofthis
loss did not correlate with their sensitivity order, which was ,arranged on
the basis o,f the extent of foriar iniury'. Howeven, thrs extent of
ehlorophyli 'a' destruction was higher in sensitirre and irnterrnediate
species than in tolerant r:nes. (heater chlorophyll degrerdation was
recorded on sensitive plants which were exposed to or r:rt the active
vegetatrve st4ge (32 days from seed) than on similar plants fumigated at
the early vqgetative stage (18 days from seed). chloroph,ylllosswas
equally recorded on most of the tolerant species under stud.v especially
those exposed to o: at an older age (32 days). Although the b*:an cuhivar
'Conterlder" And the cotton cultivars ,fr:E,a 

12 and ,"Giza70" 
showed an

increase in the level of chlorophyll 'a' when eryosed to Or at the age of
l8 days, the'y responded diffrerentry when older plants (32 days) were
fumigated.

Plant species responded differently to the incnease in o3
concenffation. sensitive species with the exception of Jew's nrrallow, the
most sensitivd species, showed an increased loss in chlorophyll 'a'in
respon$e to thq higher or level (100 ppb) on the otlrer hand. the tolerant

-lG
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Mad*o*r & Laurene.

labie t4): Effecr of ozone fumigation on chlorophyll .a,
conreni of fully expanded leaves of tlffiienr
plant soecies diiferinu in ozone senqirirzir'

r 
:1""Iu^ 1li averageci aom hvo di@rer"

^ eacn teatnrtent.

_ 

j"ff#;i;le collected l8 hr after tlre end of the tumigation period on the frsl
*Tobacco cr-rfiivars were exposed to ozone and sampled 32 and5j daysr ffom seed.& Means.fotlowed by dift'efent leners are significiriiiy din iJ"t 

"i 
'ttt"Sz 

r.n.twithin the same pldnt species u"d rh. ,il;;;;

-18-

S iesdiflfering in ozone sensitiv
Plant Species

&.
C'ultivar

0zone
Level
(ppb)

:9h!orog!!ta (pg/mg drt weisht)#
l8 davs'a' 32 rlavs's

dt d5 DI d5
Jew"s mailos,

(Local)
L1A

50.
r00

|.60i
1.65t
7.58r

6.6I ab
632b
6.r6b

23.24a
21.65a
21.45a

I t>. !4D

1 1706c
I l'7.32c

Clov,qr (Masry) Lld

50
100

I J.UOa
| 1.76a
r0.7lb

9.32b
7.56c
5.50d

7.65a
4.35b
4.84b

).ilb
1.96c
l.l8c

Garclen rocker
(JLocal)

cla
50
100

6.30a
7.lla
7.88a

5.02b
3.44c
J.4ZC

4.74a
4.78a
li.03a

J.9la
r.84b
1.27b

Alfalfa (Locai)
cfb

t00

8.87a
7.28ab
9.09a

6.966-
3.58c
s.97b

4.07a
2.73a
2.58a

4.36a
2.34bc

\.29c
ToL,acco* (Bel

w3)

cta
50
I00

0..19a
z.tJo
4.06a

2.78b
1.26b
r.38b

9.70a
'1.22b

6.32b

7.9lab
4.72c
3.42c

Romanie lettuce
(Paris Island Cos)

cIa
50
100

12.48a
I 1.57a
| 1.74a

E.05b
7.1 lb
6.30c

1.66a | 6.98a
4.54b | 3.94b
7.11a 3l?h

Stem leftuce
(B;llad1')

cla
50
r00

I 1.56a
I tr.) 73
I 0.3 5a

I L05a
7.40b
9.85a

8.44a
5.-5Sbc
6 48h

6,EEb
3.75d
5 ?{n

conrnron bean I --iT"- 
ictz;') "' I 50

--- ' 100

6.2Ua
4.59c

5.3 7bc

4.66bc
2.97d
2.90d

J.EEa
2.29b

2.86ab

3.7la
2.20b
:.1tn

Coninipn bean
(Conqender)

lcml)uI ttto

\ ')-7 q

4.86a
5.57a

3.57b
3.64b
3.61b

2l.9Ea
19.42b
22.28a

21.75a
18.56b
l4.l4c

Broag bean
(R<imy)

cfa
50
100

4.82a
3.28a
2.02b

U.E9c
7.96c
7.21c

9.l2a
5.74b

4.74bc

u.64a
2.35c

3.25bc

Conon(Giza l2)
Lld

50
r00

2 /.23a
28.02a
27.69a

l ). /ub
15.87b
t7.4tb

4.69a
3.55a
3.09a

4.35a
2.7la
3.14a

Cotton (Eiza 70)
cIa
50
100

7.24a
8.08a
8.7 -la

3.32b
3.89b
4.47b

3.04b
5.(;0b
3._{ lb

2.91b
3.28b
2.44b

nvo rrrerenr expenments with 6 plants r-



JFr,',g r-'rrd/. u* {nvretlr Sd- 7 { I } $999).

:;pecrei ie'st rnore chlcrnpl"iyli'a' due to 5 daysofO: :irmt:ijationai the

ii.Ji* r-'i{" 5;} pp} tha* at the r:rte of'10C ppb. 'Ihe cstton *,. "{iiza 70" and

,iie ;*an i:,'. '*{ 3lien<ier'' ra'ere the onll,'erce;oticns

lita:l*trr-ai anal'vsrs of, the data presented in Table {4} shc"'r'ed a

r;dr;jlr*i-ii efTect ii9;, levcll) of & level, piant ag€ as weil as sar-ripiin-e

'.iait ,:ir ihe levei .c{ c}'lorophvii 'a' both in the sensitive, and in the

iol€rr3rll ;iiarrt species studied. The interactions between each tu'o
indlvrdual t.,ariables and all tkee variables ccmb.ined were also

;ignificant at the Sorb level in ali but few'cases
(lhloroph;-ll 'b' content was affected by O: funigatir:n in a trend

similar io that followed by chlorophyll 'a' (T'able 5). Plant sF,ecies which
weie ranged sensitive, lost more chlorophyll "b' than toierant

speciel Tlie erieni of chlorophyll 'b' degradation was higher at the

active i'eSletativ* slage (3? days) than at the early r;egetativestage {18
dal's) in i:oth the sensitii e and the tolerant species. Higher Og levels

{100 ppbr) caused an increase in chlorophyll'b'loss mninly in the

serisitive :;pecies uith the exception of Jerv's mallorv. On the contrary',

ioltjrant species lost more chlorophyll 'b' in response to the lo';rer 0:
concentrations {50 ppb) except for the bean cv. 'Contender"and the

cotliln i'"'. "Giza 70".
'fhe effects of Or level, plant age, and days of r;ampling on

chlorophyll 'b' content were all statistically significant at the l0,6le'"'el

both in the sensitive and in the tolerant species. The tolerant tobacco cv

Bel B shr:wed no significant effects with all the three variables tested.

The ilteraction between Or level and plant age was also significant at the

Sota ar 196level in most of the species under study. Tota.l carotenoids

levels are reported in Table (6) The data presented show that in sensitive

and interrnediate species, greater decrease in total carotenoids :x'as

observed w'hen plants were fumigaied at theageof32da'ysfromseed
than at l ii da1's. Some tolei'ant species follc'wed the sante trend e.g. bean

cv. "Contender" and "Gza 3" and the broad bean cv.'ltomy". The

degree of carotencid loss did not always rellect the level of sensitivity to
O:. On the other hand, different Ol levels had different e,ffects on the

carotenoidl levels. The low O3 €xposure @ncentration (50 ppb) caused

higher carotenoids loss from leaves of sensitive, intermediate and tolerant

-19-
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Table (5): EfTect of ozone fumigation on chloroptryll 'b'
conienl. t,lful]V expandEd leaves of diffeient planr
species differine in ozone sensitivity.sDecies otnen ng ln ozone sensl

Planl species
&Cultirar

0zone
Lel'el
(ppb)

Chtorophvll b (us/ms drv weipht)'

l8 davs'' 32 dar,'s

dl d5 dl d5

Jewrs nrallou'
{I-ocai)

cla
50
100

t.5)a
z.zva
2.31a

z,v la
2 02a
I 89a

).y4a
0.98b
2.48b

i u.orD
'7.32c

9.32d

Clover (N1asr1')
cla
50
i00

4.90a
4.1 6ab

-l.84ab

/.94b
22tb
r 74b

37a
50a
60a

1.56a
0.83b
0.50b

Car'den r<lcket
(Local)

cIa
50
i00

4.41a
2.8rb
J.UJ D

L61c
|,26c
1.24c

.bla

.6ta

.64a

l.i6a
0.71b
0.59b

,dilallb
(X-ocal)

tr4
50
t00

J.) ta
2.,12a
3.45a

2.44D
1.26c
2.09b

5ta
90a
86a

|.49a
0.92a
0.58b

T{rbacco*
{iBel w3)

Lld

50
100

2.'/'la
0.92bc
1.88b

l"r3b
0 53c
u./lc

'2.9'la

2.15a
l.84ab

2.t9a
l.49ab
|.26b

Romaine leftuce
iParis Isl. Cos)

cIa
50
!00

4.11a
3 .86a
3.83 a

J.U /a
2 53b
2.1 5b

l,zba
1.29ab
1.9ta

,2. I8A
1.49ab
t.06b

Stem lettuce
iBaladv)

cIa
5t)
r00

4.bl.a
4.00a
3.96a

i.55ab
2 48b
2"30b

4.40a
2.56b
2.79b,

,1..32b
1.16c

1.65bc

{.pntmon
bean(Giza 3)

50
100

4.Uga
3.64b
3.25b

4.2)a
I 36c
1 .5'l c

1.4)a
0.83b
r.08b

r.oya
0.84b
0 87b

Ccrnmon Dean
iContender)

c1a
50
I00

4.l9a
4.96a
3.92a

' i {h

3.33ab
2.03b

b.)5a
9 93a
7.83b

LU9a
(i.65b
,1.07 c

Broad bean
tiRoml.)

cla
)U
100

).6ia
5.22a
5.33a

J.I3D
3.34b
3"4rb

4.14a
2.39b'
1.99b

.t.l6a
r.36b
1.83b

Cotton
(t3iza l2)

cIa
50
t00

16. I 7b
23.75a
24.',|5a

9.2)d
13.57c
14.14c

5ia
16a
98a

r.39a
0.86a
1.04a

Cotton
(t3iza 70)

cra
)U
r00

10.44c
r4.99b
19.53a

6.U /d
I 1.58b
l3.09b

U.gJA
1.69a
l.l la

u.94a
0.97a
0.7la

esillts are a\eraged from nvo dlttere expenments wlth 6 plants rep
- for each treatmenl.!' Samples" rvere .collected l8 hr after the end of the fumigation period on the

ft$t and fitth ciay.
*Tobacco cultivars were exposei to ozone and sampled 32 alrd 53 days fiom

seed
,!: l\4e;rns folloived by different lefiers are significantly different at the 5 % level

witl:in the same plant species and the samE age.

-20-
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res dlfienns ul ozone sensl tvlw.

Plant Species

&
Cultivar

0zorr
e

l,evel
{nnb)

Total Ca rotenoids Jpg/mg dr-r
reisht)"

l8 davst 32 davstE

dl d5 dl c5

Je,w's mallow
(Local)

cra
50
t00

9ta

95a

l.6ba
1.85a
1.55a

$2a
86a
87a

:r4b
';,lL

:i5b

CIover (Masry)
Uta
50
100

.61a

.57 a

.02b

1.17a
1.82a
l.28ab 0

,UUA

.05a
8 lab

l.u)a
0.4ib
0.rf6b

Garden rocket
(Local)

cla
50
100

l.u6a
1.62b
i.64b

l. /rJb
0.93c
0.97c

J4a
l5a
l2a

u.y)ab
0.(i6b
0.;r9b

Alfalfa (Local)
cla
50
100

1.78a
0.68b
0.44b

1.44a
0.73b
0.72b

0.99a
0.72a
0.68a

0.,/ua
0.ii5b
0.:i9b

l'obacco
riBelW3)*

cla
50
100

l.u4a
0"94bc
1.44b

U.99bc
0.55c
0,76c

1.45a
0.53b
0.90b

1.li1a
0.87b
0.66b

Rornanie lenuce
(Paris lsl. Cos)

cra
50
100

1.49b
0.56c
0.41c

2.lla
l.88ab
l.86ab

u)a
r5b
87a

1.40a
0.rl2c

0.76bc

Stem lettuce
(Balady)

cIa
50
100

2.76a
2.00a
l. ) tat)

1.43bc
0.9.1c
1.0i3c

2.57a
1. l4b
1.08b

I.zl4b
0.lr4c
0.88bc

Conimon bean
(Giza 3)

Ll4

50
100

lua
68b
84b

i.)6b
0.90r
l.0lc

l0a
69b
89b

l..l ]a
0.69b
0.69b

Common bean
(Contender)

cIa
50
r00

69a
72a
76a

i.u{Jc
1.4r5b
L26bc

.3la
,20a
.Lra

U,YJb
1.02b
0.88b

Ilroad bean
(Romy)

cla
50
r00

/da
92a
l9a

2.ltJa
1.89a
2.01a

.lua.

.3lb

.l7b

r.0Jb
0.tl4c
0.i/6c

Cotton (Gizz 12)
cra
50
100

qJSA
LIlbc
1.62c

z.4tD
1.01c
0.93c

I.JUA
1.06a
0.93a

l.j)a
0.1)0a
0.95a

Coffon (Giza 70)
cIa
50
100

A .27a
2.73b
l.l7d

J.JUb
t t t^
0.90d

u.yoa
1.39a

1.02a

u.vxa
0.96a

0.81a
ulls are averaseo Ir(
:nn icates for eaci- treatm

two dlfterent expenments wlt
^ replicates for each treatment.e Samiles wer_e collected l8 hr after the end of the fumigation period on the

-dPe's Co'n!. & Ed,-bon Sci. 7 { I ) (1999).

-2t-

Table (6) Effect of ozone fumigation on total c.arolenoids
content of fullv exrlanded ieaves of diff;:rent pianl
snecies differins iri ozone sensitivit\'.

fiist and fifttr dav.
*Tobacco cultivars were exoosed to ozone and sampled 32 and 53 'lavs from
& Means followed by differint letters are signi{icantly different at the 5 %

level within thti same plant species anilthe same age.
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Clover
{Masry1
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Figure (1). 'lfime course changes in the net photoslrrthet;ic rate and
stornatal conductarce upon exposure of o3-sensirtive species
ro ozone. iPlants were exposed to 100 ppb Or for three
c{}nsecutive days (6 hr per day). photosynthesis and gas
exchange measurements l'ere taken before ozone exposure
began and during last hour of the fumigation session on the
first and third davs ofexposure].
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Figure (2): Time course changes in the net photosynthetic rate and

stomatal conduLlance upon exposure of Ortolerant species to
ozone. fPlants were exposed to 100 ppb Or for three
consecutive days (6 hr per day). PhotosynthLesis and gas

exchange measurements were taken before ozone exposure

began and during last hour of ths fumigation $ession on t}re
first and third days of exposure].
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species than the high or concentrations (100 ppb). Alfalfa and tobacco
cv. Bel w3 were the only sensitive species to differ from that trend. All
the three rariables (o3 revel, prant age and sampling day) when tested
individuallrr had significant effects on the carotenoids corrcentration at
the 1% level. Few of the interactions between the indivi<Iual variables
had significant effects.

Net Photosynthesis and Stomatal Conductance:
The rate of cor assimilation (p"o) and stomatar conductance (Gr)

were follo'ved in all species under study during a tt'ee day fumigation
period at the rate of 100 ppb or, 6 h per day. The resuhs are presented in
Figxrres (i & 2). ozone fumigation caused a significant r[p<0 0l) and
gradual redracti.n in the rate of co: assimilation in the five o:_sensitive
;pecies, Jelv's mallow, clover, rocket, alfalfa and tobacco B*:l w3, which
ranged in rnagnitude from 20 to g0% decrease. This was ilccompanied
by a parallel decrease in slomatar conductance (30-g5%) whiich indicated
significant t.F<0 01) closure of stomata in response to Ol fiumigation in
those species.

There was no appreciabre difference in the response of prants
treated at the earl1, veeetative stage (l g days) and plants treated at the
actir,'e vegetaiive stage (-i2 days) with respect ro the decrease in poo or
G.. older plants had initially lower pno rates and stomatal openings
which decreased in response to o3 treatment with a range ccrmparable to
younger pla:nts. The tw,o interniediate letfuce cultivars shov,,ed a similar
range of parallei decline (significant at p<0.01) in both pn.t and G, only
with plants which received or at the age of 32 days, when b,;th cultivars
were more susceptible to czone treatment. Shalper reductions in pn"

{47%) and l}, (77o/o} were observed with paris island cos which was
repoded eartlier 1o be more sensitive to or than Balady (2g,% and 63yo,
respectively) at this stage of growth. when lettuce plants were fumigated
at the early vegetative stage a different trend of response wi*s observed.
A marked dlecrease in net photosynthesis (32 and 3ryo) was rihe result of
the first o: gxposure episode, but w;icn sxpOsure to o3.was repeated for
two nnore days, plants seemed to recover and the rate of p,,o increased
{loss 16% a,nd lgozo) but did not reach the initial values. stomatal

,-24-



J.Pes Co* &. hwiro* Sci' 7 ( 1) (1999).

conducianc€ closely paralleled the Pno iXecrease ard incrmse only in

'?aris Island Cos" but not irn'?alady".

The three bean cultivars, which belonged to two diffi:rent species

of beans" were found to tre tolerant to Ol irnd showed similar responses

during the three da-vs of fumigation. Younger plants (18 days;) were more

resistant to decrease in photosynthetic CO: assimilation than older plants

(32 dai's). Pno was depressed by approxi:mately llo/o,8o/':aand l57oin
"Giza 3", "Contender" and "Romy", respectively, afterthe first day of $.
exposure in 18 days plants Plants recovered afterwards to levels very

close or even greater than the initial P"a values. The sarne trend was

found with G" which clearly points to a close correlation between the

decrease in stomatal opening, the reduction in COr flux and the decline in

net photosynthesis rates. However, older plants showed more Pna

decrease when fumigated with Ol than ygunger plants. Reduction in P".
was significant {P<0 0l) and ranged frotn2}o/o for'Contelrder" to 392't,

for "Giza 3"' and 33o/o for "Romy".
The depression in Pn6 w&S not accompanied withL a matching

decline in stomatal conductance in those cultivars. Onlf 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 cornmon tean cultivars

showed an increase in G, i.e. an opening in stomates in respc'nse to Or.

cotton cultivars showed significant (P<0,01) and gradual

reductions in both Pna and Gs values during the three days of O:

exposure. No difference in the magrritude of respons,e to 03 was

observed befween plants of the two age $oups testd. The decrease in

COz assimilation capacity seemed to be due to an increase in stomatal

resistance (decrease in G,) and a consequent restriction of C(fl influx into

the leaf.

DISCUSSION

The present study repres€nt the first attempt at screening and

testing Egyptian plant species in order to sele€t candidates; to be used as

bioindicators for O3 pollution in Egypt. Four candidates'were found to
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exhibit h,gpersensitive reactions faster and at lower Or concentrations
than the universally used Or-bioindicator tobacco llel_W3 underEgyptian environmentar conditions. These four spec:ies, ranked in
decreasing order of sensitivity, are: Jew,s mailow flocar), white clover(Masry), garden rocket (local) and alfalfa (local).

The four serected species exhibited crear-cut and repeatabre injury
symptoms when exposed to O3 concentrations similar to those found in
urban and rural areas in Egypt. Therefore, they obey the fii:.st criteria of agood indir:ator plant according to Manning and Feder (lslgg; They can
thus, act as chemical sensors which oeteJ the presence of ozone in theair Poghumus (1982), suggested five guidelines for the r,relection of anindicator species all of which are met by those candidates serected duringthe study- (l) the species should be sensitive to the poilutant at a level
below the, sensiti'ity of vegetation of economic importance, (2) the
specific pollutant induced markings should be characieristic and easily
observed; (3) the species shourd grow from a terminar shoot; (4) the
species shruld be widery spread (grow in a host ofenvir'nments); and
(5) the species should be present throughout the growing searson.

The fact that these species are sensitive to ol J an earry stage of
growth (lE day from seed) is considered an added benefit rsince they are
easily grown from seed and easily replaced by new plants dure to the short
time required to grow them to their sensitive age. In additio*, they do not
have any special cultural requirements that would complir;ate their fast
propagation..

Therefore, we recommend those four species for further fierd
testing tc agcertain their worth under naturar conditions in order for themto be designated as or bioindicators in regionar or nationar air
biomonirori:ng programs in Egypt.

ln an attempt to find reliabre tools for diagnosis whicrrr can predictor damage prior to the appearance of visuar foliar injury, pigments
degradation *'as followed through five days of fumigation v,,ith or at the
rate of 50 and i 00 ppb (6 h per day). ozone treatment induccd premature
$enescence rnaiiifested as signifit ant decrease in chlorophyllls .a' and .b,
and carotenoids which did not correlate very well with theappearance of
visible symptoms. Jew's malrow, the most or-sensitive species, showed
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signs of necrosis and/or chlorosis shortly after only one 03 exposure
episode (100 ppb for 6 h) and exhibiited the most exrensive haf injury
symptoms after two fumigation sessions (7s%). However. this same
species showed mild pigments loss ('16%only) when compared to less
visibly darnaged species like white clovgr, alfalfa or tobacco Bel wj
Furthermore, the loss of chrorophylls .a' and .b' did not reflecr the
extent of symptoms severity. on the contrar!,, in sensitive species, oldei
plants (32 days) which exhibited no or few symptoms showed more
chlorophylls 'a' and 'b' degradation than yorngo plants (lg days)
exhibiting severe symptoms. This discrepancy could be explained if u,e
trace the early events leading to resion lbrmation It is an acceptable faa
that 03, onc€ in the leaf interior, would rapidly react with components of
the cell wall and apoplastic fluid and {brm orygen free radicals such as
the superoxide anions and HzOz and others fHeath lgg4) Or_derivd
oxyradicals may be scavenged by row molecular weight antioxidants in
the apoplast, such as ascorbic acid ancl polyamines (Langbartels, er al..
1991). concentiations of activated oxygen species that exceed the
antioxidative capacity of the apoplast may attack plasma rnembranes and
cause peroxidation reaclions r+'hich trigger the signal chain of er.ents
leading to wound reactions such as str€:ss ethylene formation and lesion
development The loss of the plasma membrane sernipermeabilitv as a
result c'f lipid peroxidation can occur rernarkably fast at high o: doses or
very low free radicals scavenging ability. In this.ur., tu,pid membrane
injury may lead to such rapid protoplast collapse thiit unregurated
proteol-v"sis, due to tonoplast rupture. could lead to rapid unregulated cell
death (I'ell et al.,1997).It is our berief rthat the discrepancy between the
severity of foliar injury and degradatir>n of chlorophylls .a'and .b' 

in
sensitive: plants could be ascribed to ver1, weak antioxidative systems the
capacity of which is exceeded by the amount cf free radicals generated
by ol r"rptake It follows that the attac;k on plasmalemrna from active
oxJgen radicals is more pronounced and r:ell damage spreads faster in the
form of necrosis rather than chlorosis. on the other hancl. with smaller
levels of free radicals (due to less acute Or doses or to, a more ac*ive
antioxidant system) necrotic responses are often absent. lnstead foliage
exhibits signs of accelerated s€nescence in the form of pigment loss. In
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these cas€s, cell death is minimal due to the ability of ft€ plasma

rnembrane to sustain the stress caused by lower concenl.ration of active

oxygen sp€cies {Pell et al.,1997).
The above discussion ma1' also explain our observatiion that the

lower Or level (50 ppb) caused more chlorophylls 'a' and 'b' and

carotenoids degradation than (100 ppb), especially in tol:rant plant

species whic,h did not exhibit foliar symptoms in response to Or

exposure. This could also be ascribed to effective antioxidant systems in

these species,: which enable the scavenging of free oxyradiicals in the

apoplast, thus decreasing their concentration to a level whir;h does not

destroy the plasmalemma. A low level of oxyradicals, whether: due to the

exposure to Chronic levels of Or or to efficient antioxidatioil activity in

the plant, at'€:more likely to diffiise within the cell reaching the thylakoid

membranes and atbcking them. Peroxidation of the thylakoids results in

the loosening of those membranes and the gradual loss 'rrf pigment

molecules.
Furthgrmore, oxygen &ee radicals are implicated in irnducing the

production of compounds such as ethylene which act as signals or

elicitors driving the nucleus towalds accelerated csll senescence

manifested as pigment loss, reduction in photosynthetic COz assimilation

and decrease, in protein and RNA levels (Pell el aI.,1997'1. Effects at the

nucleus site also include the induction of de novo synthesis of enzymes

of the cell defense mechanism such as superoxide dis:mutase and

glutathione reductase (Madkour, 1998).

The rret photosynthetic COz assimilation was anoth€:r parameter

studied in the corrse of this study. Plant leaves posses other mechanisms

to protect against ozone-induced foliar damage bel;ides their

antioxidative system. Ozone enters the leaf through the open stomata,

thus a major control point is via stomotal clozure or decrease'in stomotal

conductance. The reduction in CO: assimilation (Po") in all the s€nsitive

species studid was accompanied by closely related levels;of stomatal

"lorur" 
(Gs). Therefore making it safe to conclude that their sensitivity to

ozone was tnot caused by lack of stomatal respons€. Ther closure of

$omates as a defense mechanism is aimed at controllinB Or diffusion

into the stornatal chamber in order to decrease Or concentnrtions within
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the leaf mesophyll. Nevertheless, it is apparent from the results of p,o
and Gs that the restriction in stomatal conductance (Gs) and the
subsequent decrease in Coz flux into the leaf was the main contributing
factor to the reduction in Pns observed in those species. The sensitivity of
these species is possibly caused by the absence or the inelTectiveness of
an antioxidative defense mechanism. These results were in agreement
*'ith those reported on bean species (Guzy & Heattr, t993) and on
spinach tiRobinson & Ro*,land, 1996).

lntermediate and tolerant species exhibited lower reductions in
Pn. than those recorded with sensitive species. The: changes in
photoassinnilation were always paralleletl by similar chang,es in stomatal
conductance (Gs) This lead us to conclude that stomatal closure plays an
importan,t role in confrring resistance in those prant species by as a

stress avoidance mechanis.m flefohn, 199I ) Nevertheless. the protectlve
effect of the antioxidative sysfem on plasma and other: intracellular
membranes could not be discounted (Heath. i994) The irrvolvement of
the enzrr'rnes sriperoxide iiismutase and glutathione reductase in the
defense mechanism against ozone r+'as investigated by tjle first author
and reported elsewhere (htadkour, i998t.

stornatal closure in response to Ol u'as ascribed tc a stimulation
of the signal phyrcr- hormones ethylene ({J:H+) and abscissic acid (ABA)
both of which are known to drive leaf early senescerrce and w-ere
suggested to be involved in stomatal closure (not prov,en for czFL)
(Heat[ ,t994 and Lefohn x991). Also the action of stomatar opening and
closure depends upon the interactive rrrocess of the relative water
potential difference betn'een the guard and subsidiary cells Any loss of
permeability induced by t,lie effect of O3 on the membranes in these cells
would aiter the ionic balance and cause either clowre or opening of
stomales (Heath, 1994).

Tlre present study obtained data supporting the setection of the
Egwtian qrltivars cf Jevs's mallow (local), w.hite clover lTUrasry), garden
r-ocket (k:cal), and allalfa (local) as bioindicator candidates for G: in
Egypt. These species are recommended for further field testing before
their subsequent use in biornonitoring networks. It nas concluded that
although pigments degradation was not a good parameter tlor prediction
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of sympro{ns severiry or species sensitivity {since o3 inclruced pigment
loss rvas oirserved in both sensitive and torerar$ species alike), It courd be
use.rJ as a way to predict the exlent of foliar.*iy *nur"ence before the
appearance, of any visuai symptoms. This study found evidence
supporting stomatal involvement in ozone tolerance in reriistant species
only and a good correlation was found between stomatalconductance,
gas influx into the mesophyil and the rate of photosynthetic cor
assimilatiorr.
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abl)-c.!-l_xJ J L1'LilJl o:e L|:i,| 6jK ..5jri-tl il-,JJl-J*+ r+JI

_-Jl 4b ; t;tiijl -$i rlt$;;r d+3 _r f;*i $lc ;3j3Y! p-;ft
U.U-:YI or---a _JScl+ ,',*ill tfy..;t-:rll i3S C i,r-lsi-'yl g*i! ,..i,.,r

--.^<-,j--i el-rdl &-+h ++l-r e-l; C ;r,l-rjil illr *ELu l*,;Yl {,.'f.,i!t

.4r,*rLrt *i:_,,IIl .-,-1 Hirrii,,r ;. lsi3J !li- k!J+J dlb 6+-i Ji +

-]-ar ;3-13!l dJlJriL+ F-Fll t*r< * -!s't :i -rl$it JJ &tU il:u d
ri--r3lJl 6l :r. ^11 'J-Sj I c!.: :+;ltill *l;6i^ll i'r.";p r1.al-;c)l Jx$
,', -rlt ,*iit .6a-,$l U Si .,,EJ JJ*=lt J*:iJt iolis : ,-;i!t i-:l Ll;I
d+ '.'l-,,s $r-o .j, -1, ;,ij^S et-i T fun+::t oErall cjL: Jl.riil ii J
LJt. o--i o'*rl1 rj-pr i..l+ f$tt +l+ i!J. .'li!.4isj -l n:ijlJ drtfu]l
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&ladkoa,r & Lsarcne_,

L-**,-r* ubt-;c,i j F$4 LJ**-* j*eS Y *i!l dlb i-.oUi i;iul i;_+*ijf
;*;sjt a*-$,S 1"*.;i ',; uli+:!l .",..ii ."-r..U-#l L_ltiJl ci6lrill ilL d ,
4-11* *--j h -& ;**::5,"1 LJi-i.Jl 4i.-i LsjJl l.+.t&,yt *1,. oj-6c,t ..tS+
i-iill +r.3i;it*:i *x r3$-: !*;t CUa ;i 4iJaJL cri: tS .i.",91!,,11 i:Utri:l
,ri*,lii g=r".Jl Jj i,x-,fir .1*si ;r: : .t_rj;!t & .:tjr.lJt ASJ,. +$ _r{ilJ*-Jl ,.ri r+_r ,!i .;-g.-$t +n.6i .jrljl J;*rlt llr,:jltlo$:i _e {.!_,-Cr .J
J' o # ,+,Jll *L i-.'^t, t-:'u&l 

'j,J JJ_ail dii.3ll tcl$, ,ri ila-). Jl

._.fi.lt ltjt
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