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ABSTRACT

Air pollution is a problem at recent years which progressively increases.
This study was accomplished to determine whether ascorbic acid could be
applied in counteracting the adverse effects of acid rain (AR) stress. Ac-
cordingly, three-year-old Persian maple seedlings were subjected to the
foliar application of ascorbic acid (AsA) at three levels (0, 1 and 2 mM).
Afterwards, at each AsA levels, the plants were exposed to four different
rain regimes: pH 3, 4, 5 and near neutral (pH 6) as control. At the end of
experiment, some visible changes such as necrotic spots and leaf marginal
wrinklewere observed in the plant leaves sprayed only with AR of pH 3.0.
AsA efficiently impeded of appearance of visible AR-induced injury symp-
toms. Results aso showed that membrane injury, indicated by electrolyte
leakage (EL), and lipid peroxidation (L PO) increased following exposure to
theacid rain. On the contrary, AsA considerably diminished LPOand EL. It
also prevented fromleaf chlorophyll degradation caused by AR of pH 3.0.
Both AR and AsA treatments did not significantly affect superoxide
dismutase (SOD) activity. However, AsA enhanced peroxidase (POD) and
ascorbate peroxidase (APX) activities particularly at pH 3.0 AR, thereby
plant leaves remained health. A hypothesis can be represented that el-
evated activity of POD and APX areimportant in the plant defense against

AR stress. © 2012 Trade SciencelInc. - INDIA
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INTRODUCTION fuelswithin thermal power plantsand automobiles®!.
Rainwith alow pH, which causesdamageto plants,

Air pollutionisaserious problem at recent years.
Acidrain (AR) asapollutant resultsmainly from disso-
[ution of sulfur dioxide and nitrogen oxideswith amo-
spheric water vapor. These pollutants originate from
natura sourcesand cong derably from human activities
such asthe combustion of burnablewaste and fossil

has been registered noti ceably near industria sources
and high-traffic cities™]. Severa experimentshavebeen
carried out to investigate the effects of AR on
plantg6162241.43465051.56] A of the experimentsindicate
that AR can affect on various growth stages; seed ger-
mination to yielding depending on the plant species.
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Generdly, AR induceschangesin celular biochem-
istry and physiology of thewhole plant®”. Leaf, how-
ever, isthemost sensitive organ to pollution which has
been thetarget of many studies. Thevisibleeffect of
AR onplantsisusually the appearance of necroticle-
sionson leaves®*, sothese giveriseto deforming of
perspective of urban trees and forests. Regardless of
thevisbleAR-injuries, invisibleonessuch asreduced
photosynthesis, nutrient lossfrom leaves, dtered water
balance¥ and variations of several enzymeactivities
devotemoreimportanceto themsaveswhich followed
by leaf precoci ousabscissionsand even plant degth at
severeranacidity™.

Reactive oxygen species (ROS), e.g. superoxide
radical (O,), singlet oxygen (*O,), hydrogen peroxide
(H,0O,) and hydroxyl radical (OH") are produced dur-
ing numerousprocessesmainly a stressconditions. The
ROS radicdsdamagemembranelipids, carbohydrates,
proteins, and nucleic acidswhichresultinareduction
of plant growth and devel opment(“*1. Theakility of plant
to overcometheeffectsof AR stressand to sustainiits
productivity may be related to the scavenging of the
stress-induced toxic oxygen species*®. Ascorbic acid
(AsA) isregarded as anon-enzymatic anti oxidant(“?
anditinvolvesingrowth and division of plant cellg4752,
It has been also understood that AsSA has anti-stress
effectsduetoitssubstraterolein activity of someen-
zymes?. Despiteitsrolein scavenging ROS, AsAis
asoinvolvedin regul ating photosynthetic capacity by
controlling stomata movement.

Persian maple (Acer velutinumBoiss) isatree spe-
ciesindigenousto thenorth of Iran (Hyrcanian forests).
Itisused asaspecimeninlandscapesandisappliedin
wood industry as wel I, Scarce data, however, are
availableonthevariationsof antioxidant syssemsinthe
plants subjected to AR, aswell as, to the best of our
knowledge, to date, no data at hand on theinvolve-
ment of exogenousAsA asaprotectant against such
type of stress. Therefore, the main objectives of the
present paper wereto (1) investigate the effect of smu-
lated AR at different pHs on membrane stability, L PO,
chlorophyll content, POD, SOD, and APX activities,
(I1) theposs bility of exogenousascorbic acid toinhibit
theinjuriesof oxidative speciesin AR-treated maple
trees, and findly, (111) the maintenance of urban treesto
theacid rain stressthrough AsA.

EXPERIMENTAL

Plant material and tr eatments

Three-year-old Persian maple (Acer velutinum
Boiss) seedlingsweretransferred from plastic bagsto
pots (40 Cm diameter and 90 Cm height) containing
sand and gterilized manure (2:1). Theplantsweregrown
under 28.8/15.5C average day/night temperaturesand
relative humidity 79%, then they received full strength
of Hoagland nutritive solutioni®! every four days
throughout the experiment. After one month establish-
ment, they were subj ected to thefoliar application of
ASA athreeleves(0, 1 and 2 mM) seventimesintwo
weeks. Afterwards, at each AsA level, the plantswere
exposed to four different rain regimes: pH 3.0, 4.0, 5.0
and near neutral (pH 6.0) as control about 20 min ef-
fectiverainfdl of 20 mm, during 10 days. Thesmulated
AR was prepared according to Seufert et a.*9 and
contained thefollowing components: NH,NO, (1.3gI
'), MgSO,-7H,0 (3.1 g I"), Na,SO, (2.5 g I,
KHCO, (1.3gl%), CaCl,.2H,0 (3.1 gl?). After dilu-
tion of initid solution 1:100, pH vauewas adjusted to
3,4and5with 1N H,PO, and 1N H,SO,. Thecock-
tail used to spray the control plants had the same com-
position asthesimulated AR but the pH valuewas6.
Tween 80 (0.5%, v/v) wasused assurfactant. Six leaves
of each plant werecollected 24 hoursafter thelastrain
goplication. Leaf materid camefromthemiddleregion
of the expanding | eaf at the second, third and fourth
nodes from shoot apex.

Analytical methods

(a) Membranestability

Membranestability of leaveswasmeasured by EL
following the method described by Dionisio-Seseand
Tobita*® with some modification. Leaf pieceswere
placed intest tubes containing 10 mL distilled deion-
ized water. Thetubeswereincubated in awater bath at
32¢for 2handtheinitia eectrica conductivity of the
medium (EC,) wasanalyzed. The sampleswere auto-
claved at 121°for 20 mintoreleaseall electrolytes,
cooledto 25, and thenthefina eectrica conductivity
(EC,) wasmesasured. The EL wasca culated using the
fomula

EL =EC,/EC,x100
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(b) Chlorophyll measurement

To determinetheleve sof chlorophyll 1 g of fresh
|eaf material washomogenized in 95% ethanol andfil-
tered. The extract was made up to 25 ml with 95%
ethanol. Absorbance was measured at 665 and 649
nmEa,

(c) Determination of the malonyldialdehyde
(MDA) content

For the measurement of LPO in leaves, the
thiobarbituricacid (TBA) test, which determinesMDA
asan end product of LPO™ was used. L eaf material
(500 mg) was homogenized in 5 ml 0.1% (w/v)
thrichloro aceticacid (TCA) solution. The homogenate
was centrifuged at 10 000 rpmfor 20 minand 0.5 ml of
the supernatant wasadded to 1 ml 0.5% (w/v) TBA in
20% TCA. Themixturewasincubated inboiling water
for 30 min, and thereaction stopped by placing thereac-
tion tubesinanicebath. Then thesampleswere centri-
fuged at 10000 rpm for 5 min, and the absorbency of
supernatant wasread at 532 nm. Thevaluefor non-spe-
cific asorption at 600 nm was subtracted. Theamount
of MDA-TBA complex (red pigment) was calculated
fromtheextinction coefficient 155 mM* cm2,

(d) Enzymeanalysis

Freshleaf sampleswereused for enzymeanaysis.
Leaveswerefrozeninliquid nitrogenimmediatdly after
harvesting and stored a -20° until enzymeassays. One
gram leaveshomogenizedin 3ml of 0.05M Na-phos-
phate buffer (pH 7.8) including 1 mM EDTA and 2%
(w/v) PV PP. The homogenate were centrifuged at 14
000 rpm for 30 min at 4. Supernatant was used for
enzymeactivity. All assaysweredoneat 4. All spec-
trophotometric analyses were conducted on aShimadzu
(UV-1600) spectrophotometer.

SOD activity assay was based on the method of
Beauchamp and Fridovich® which measurestheinhi-
bitioninthe photochemica reduction of nitrobluetetra:
zolium (NBT) spectrophotometrically at 560 nm. One
unit of enzymeactivity was defined asthe quantity of
SOD required to produce a50% inhibition of reduc-
tion of NBT and the specific enzymeactivity was ex-
pressed asunit mg? proteing FW.

POD activity was based upon the method as de-
scribed by Herzog and Fahimi® which measuresthe
increase in absorbance at 465 nm, by the rate of for-

= Egotoxlicology

mation of 0.15 M Naphosphate citrate buffer the oxi-
dized DAB. Oneenzymeunit isdefined as pmol ml™
destroyed H,O, per min.

APX activity was done according to Nakano and
Asadd®, The assay depends on the decrease in ab-
sorbance at 290 nm as ascorbate was oxidized (ex-
tinction coefficient of 2.8 MM cm't). Oneenzymeunit
isdefined as umol ml* oxidized ascorbate per min.
Satistics

Theexperimenta design wasentirely randomized,
with three repetitions of each factorial combination
(4x3), in which four pH values for simulated AR and
three concentrationsfor AsA. The datawere subjected
totheanayssof variance (ANOVA) and meanswere

compared by LSD test. Only significant resultsarenoted
inthetext.

RESULTS

M orphological effects

Somevisible changes such as necrotic spots and
leaf margina wrinklewereobservedintheplant leaves
sprayed only with AR of pH 3.0. However, no clear
symptoms were appeared by other rain pHs tested.
ASA either at 1 and 2 mM concentrations efficiently
impeded of appearance of visibleAR-induced injury
symptomsand maintained|eaveshedth (Figure 1).

| 5N
= b R
n o - - .l i, = A\ 3 1
Figurel: (A) Persan mapleleavestreated with only rain of
pH 6.0 ascontrol plant, (B) plant leavessprayed with simu-
lated AR of pH 3.0, (C and D) plantspretreated with 1 and 2

mM of AgA, respectively, and then sprayed with AR of pH 3.0
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Membranestability

Electrolyteleakage (EL) reflectsthedamageof cell
membrane. AsFigure 2 shows, theamount of EL sig-
nificantly (P<0.01) increased withincreasing acidity of
rain. The increase was more pronounced at pH 3.0,
reaching 160% of the control (pH 6.0). Application of
ASA at 1 and 2mM concentrations decreased EL by
50 and 56% of that in the plants exposed to pH 3.0,
respectively. However, no significant differencewas
observed between different concentrationsof ASAin
reduction of EL.
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Figure2: Changesin dectrolyteleakage (EL) asinfluenced
by pretreatment with AsA at different concentrationsand
treatment with AR at variouspHsin leavesof Persian maple
trees. Vertical barsrepresent + S.E

Lipid peroxidation (L PO)

Variationsin LPO were shown by the content of
MDA inFigure3. Anincrease of MDA followingAR
applicationwas scored havingamaximum at rain of pH
3.0. The response amounted to 156% of the control
(pH 6.0). Preliminary supply of AsA at 1 and 2 mM
concentrations caused significantly (P<0.01) 48 and
51% attenuationintheeffect of ARonLPO a pH 3.0,
respectively. Thelevel of MDA wasnot significantly
influenced by AsA application at other pHs.
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Figure3: Changesin malonyldialdehyde (M DA) content as
influenced by pretreatment with AsA at different concentra-
tionsand treatment with AR at variouspHsin leavesof Per-
sian mapletrees. Vertical barsrepresent = S.E

Chlorophyll content

Changesintota Chlorophyll content areshownin
Figure4. A very sight decrease was observed in | eaf
chlorophyll content with lowering pH value by 4.0,
whereasat pH 3.0, total chlorophyll was considerably
reduced to 155% of control. Pretreatment with ASA
sgnificantly (P<0.01) prevented from chlorophyll deg-
radation a high acidity of raintested, pH 3.0, and main-
tained chlorophyl| nearly as content as control.
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Figure 4 : Changesin total chlorophyll content as influ-
enced by pretreatment with AsA at different concentrations
and treatment with AR at various pHsin leaves of Persian
mapletrees. Vertical barsrepresent +S.E

12 - ||:|;st (® M) DAsA (L mM) BAsA (2 mI\I}‘

14

0.8

0.6 -

04

POD activity(U/mg protein)

0.2 4

0

3 5 4 3
Acidrain (pH)
Figure5: Changesin activity of peroxidase (POD) asinflu-
enced by pretreatment with AsA at different concentrations
and treatment with AR at various pHsin leaves of Persian
mapletrees. Vertical barsrepresent +S.E

Enzymesactivities

POD andAPX activitiesincreased asAR decreased
by pH 4.0 vaues(Figure5 and 6, respectively), whereas
their activitiesdid not significantly (P<0.01) increaseat
pH 3.0AR ascompared with control. However, pre-
liminary applicationof 1and 2 mM of AsA ledto 710
and 730% increasein POD activity at pH 3.0in com-
parison with the control, respectively. Theseamounts
were respectively 850 and 1000% for APX activity.
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On the contrary, SOD activity did not significantly
(P<0.05) affected by bothAsA and smulated AR trest-
ments. The supply of AsA to plantsat pH 6.0 (control)
had no significant impact on APX and POD activities.
However, no significant difference was observed be-
tween different concentrationsof AsA inelevating POD
and APX activities. Except at pH 3.0, inwhichtheac-
tivity of APX wassignificantly (P<0.05) elevated by 2
mM of AsA morethan 1 mM of one.
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Figure6: Changesin activity of ascor bate per oxidase (APX)
asinfluenced by pretreatment with AsA at different concen-
trationsand treatment with AR at variouspHsin leaves of
Persian mapletrees. Vertical barsrepresent + S.E

DISCUSSION

Inthe present study, from amorphol ogical point of
view, necrotic spotsontheleaf surfaceand leef curling
were observed asaconsequence of theexposureof A.
velutinumBoissto thelow pH AR (pH 3.0) treatment
soldy. According tothefoliar micromorphol ogica stud-
iesof Fransisco et a.™, Genipa americana L. trees
submitted tothesimulated AR presented deformed Sto-
matal aperture, rupture of stomatal outer ledgeand al-
terations in the cell guard permeability. Percy and
Baker!*®l showed that cuticular membrane thickness
was decreased in Picea sitchensis Carr. dueto simu-
lated rain pH. They also reported that increaseinrain
acidity caused changesinwax structureand chemical
composition, sotheseresultedinleaf injuries. Theoc-
currenceof visibleinjuriesin our research can bealso
attributed tothe cell disruption resulted from ROS-in-
duced cdl wdl injuries. Infact, AR asastressincreases
level of ROS.2757, High ROSlevelsarevery danger-
ousfor cdlsand damage cell membranes, proteinsand
DNA inthe plants subjected to the severe environmen-
tal conditiong??. Asit obtained from our visud results,

= Egotoxicology

AsA-pretreated plants showed no visual leaf injuries
under any pH of smulated AR tested. It may bedueto
theprotection of cuticular [ayer by AsA through inhibi-
tion wax structure and/or wax chemical composition
from changing. It d so may beexplained by regulatory
role of AsA in stomatal closureto stresses?, which
probably resultedinthelow penetration of AR tointer-
nal tissues. Another reason may be attributed to the
scavenging of AR-induced ROS by AsA“2, Asour re-
sultsshowed, increasein acidity valueof rain gaverise
toincreasing EL. Onthe other word, it enhanced cell
wall damaging. The preventing from necrotic spotsby
ASA can beaso explained by reducing both EL and
cell wall LPO. Athar et al.[? stated that AsA caused
cons derablereinforcement of membrane stability and
induced tolerancein wheat exposed to oxidative stress.
These arealsoin agreement with the recent findings
reported by Li et al.Y. They expressed that genesre-
sponded to AsA biosynthesis were more expressed
under abiotic stresses. In addition, Myung-Min et al .8
reported that not only AsA itself, but expression of AsA
precursorsledto thetoleranceinduction against envi-
ronmental stresses.

LPO isareactioninwhich membranelipoid com-
pounds being collapse. AsA dramatically prevented
fromLPOat al pH valuesof AR tested. LPOinmem-
branestake placeswhen above-threshold ROSlevels
arereached, thereby not only directly affecting normal
cdlular functioning, but a so increasing the oxidative
stressthrough production of lipid-derived radica $57.
Baseon our results, the Persian maple pretreated with
AsA dramaticaly showed reduced L PO level s particu-
larly under acid rain of pH 3.0. Recently, It hasbeen
demonstrated that A SA can provide protectionto mem-
branes by directly scavenge the O,  and OH" and by
regenerate a-tocopherol fromtocopheroxyl radical*7.

The SOD activity of Persian mapleleaveswas not
affected neither by AR nor AsA treatments. Itisin con-
flict with thefindings of Athar et al.1?. They have ex-
pressed that SOD activity isgreatly enhanced follow-
ing sdt stressinwheat. Unaffecting of SOD after expo-
sureto AR may probably be explained by increasing
acidity of |leaf tissuesresulted fromAR. AsGill and
Tuteja'” expressed, O, isdismutated unavoidably at
low pH, with one O, giving up its added electron to
another O, and then with protonation resultinginthe
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generation of H,O,. Inversaly, POD and APX increased
withincreasinginacidity of rain applied, but they did
not increasein plantstreated with only AR of pH 3.0.
In the present study, exogenousAsA enhanced both
POD and APX activities at al pH values. It can be
ascribed to thed ectron donating characteristic of ASA,
Another reason for remaining Persian maple leaves
hedlth under rain of pH 3.0 by AsA can beattributed to
the high activity of POD inthe presenceof AsA. The
class| POD catalyzedthe conversion of H,0,toH,O
and O, usesof ascorbate, areduced form of AsA, as
the specific dectron donor”. Thedevated APX inAsA
pretreated plants could be another main factor caused
leavesto remain hedlth after AR exposure. Increasein
APX activityinpardld toAsA gpplicationindicatesthe
direct relationship between AsA content and APX ac-
tivity. Kavithaet a.'» havereported that oxidativestress
inducesincreasein thetranscript of APX inleavesof
Avicenniamarina. They al so expressed that APX ac-
tivity in A. marinaleaveshavearoleinreducing the
deleteriouseffect of oxidativestress. Moreover, expres-
sion of APX genes by specific factors such asatmo-
spheric pollution was reported by Kubo et al 1> and
Rao et a.® aswell. Therole of highAPX activityin
reducing injury is also parallel with Bueno and
Piqueras®. They stated that APX protected tabbaco
cellsagainst H,O, under stressful conditions. Role of
APX indiminating ROSfrom cdlsin Euphorbiaesula
L. inresponseto environmenta stressessuchassain-
ity, metal toxicity and drought has been reported by
Davisand Swanson*!l. Two moleculeof ascorbateare
required for activation of APX ™", It hasbeenrevealed
that ascorbateis one of the most important factorsin
the scavenging of ozoneand ozone-derived ROSinthe
apoplast!™,

According to theexperiment, AsA-pretreated plants
showed no paleand discolored leaveswhen they were
exposed totheinjuriousAR treatment, pH 3.0. It could
be explained by thefact that AsA protected chlorophyll
from degradation by AR. Thereare somereportsindi-
catethat chlorophyll concentrationisstrongly depen-
dent onthepH of applied AR, e.g. in cucumber®™ and
velvetl e, However, our resultsreved that ASA prob-
ably do not haverolein chlorophyll biosynthesis be-
causeit hasnot enhanced the chlorophyll contentsmore
than that inthe control plants. It only maintained chlo-

rophyll nearly asthe sameleve asthecontrol plants. It
isunderstood from theresultsthat AsA havearolein
protection of chlorophyll rather thanin biosynthesis of
one. Nevertheless, it hasbeen cleared that carotenoid
pigments (carotenes and xanthophyils) depend on ascor-
batefor their regeneration”.

It hasbeenwel| established that AR lowerssoil pH,
and thereby leadsto AL toxicity in plants. TheAl toxic-
ity constitutesthe most important restrictionto growth
inacidic soilg?4, Conversion of AsA into oxalate has
been observed in anumber of plant species®4, Ox-
alatewas confirmed to be associated with high Al re-
sistanceintaro plant®™! and buckwheat (Fagopyrum
esculentum)®?, |t isalso demonstrated that AsA treat-
ment increased accumulationof oxdaemanlyinsoluble
formin rice seedlings subjected to Al toxicity®. Un-
doubtedly, wecould find out from these evidencesthat
AsA haveindirectly aprotectiveroleinthetolerance
induction of plantsgrown under highsoil AL conditions.
Therefore, application of exogenousAsA can al so cer-
tainly amdioratethedetrimenta effectsof AR-induced
Al toxicity, based ontheabovementions. Overdl, with
regard to our resultswhich haverevealed the protec-
tive characteristicsof AsA against smulated AR and
accordingtotheitsessentid roleintoleranceto various
environmentd dressesaswell asitsindirect roletohigh
soil Al itisobviousthat AsA can be suggested to apply
inirrigationwater of urban landscapesand cropswhere
located intheareaswith thehigh air pollutant levels.
More studies, however, should be done to decipher
the preciserole(s) of AsSA in protecting plants against
AR.

CONCLUSION

Inconclusion, sinceacid rain stressisoften along
with other terrestrial stresses, e.g. cold, flooding
stresses, AL toxidty etc., finding asubstance with multi-
protectiveroleisamost important factor for introduc-
ing it as a protective agent against such stress. The
present study clearsthat ASA have an extensive poten-
tial for maintaining of plant heath under acid rain. It
was ableto impeded of |eaf necrotic spots and mar-
gina wrinkle caused by strong stresses (pH 3.0). Indi-
rect role of AsA intoleranceinductionto AL toxicity
has been a so previously expressed. We believe that
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AsA may dso havearolein protection of epicuticular
layer or itscompositions. Overall, thesefirst datapro-
videthebasic framework for further researchesinto
themechanismsof bothAsA and AR actionsaswell as
it persuadesresearcherstoinvestigate other preciserole
(s) of ascorbicacid in plantsunder acid rain especidly
a thesubcdlular level. Inthenear future, unlessserious
investigationsare not taken, plantsand human beings
may face even greater risksresulting fromair pollut-
ants. Studiesof thiskind may help overcome some of
theproblemsand declinetherisks.

ABBREVIATIONS

AR; acidrain,AsA; ascorbic acid, EL; electrolyte
leakage, LPO; lipid peroxidation, SOD; superoxide
dismutase, POD; peroxidase, APX; ascorbate peroxi-
dase, ROS; Reactive oxygen species, MDA,
ma onyldia dehyde.
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