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mhich e

Some wmpecias sbudied have boen showing charaot
probably Tinked Yo atmosphar o pollabtion resistanoed

Bude Piesence of subepidernal agueous porenageiod

Thiw oharscterishic (3 corcelated to fhe 1Tight excess protaection
arel cmpg oo i Flicus, Piper and Costas  Cphobos f, B oanc 3. Tt
CUE s of wn soupplenentary bare ter to contain the pollaotant Fluw
inton  fthe Poliar moesophile. The  Fubure aoatomical  shudies of

sounder fumigat bon oan elucidate the function of this Uissue
mn the mesophibe e chiorophylled celle.

Bplants

T au Presence  of oruysthlad

Prpspibte bhe Foot  that ohemical oomposibion of Tead drgstals s
norwmally  coreelabed koo owaloium o oarbons anch o ce,  the
fiypothesia  of  ooloiom  Flooeide eyt Format ion vomoh o b
dismiased .. Ty possibhility e P aow fele preee §op i at bon by vy
apoplast o caloium which wowld perevent Do e i olorophyll
Diseuss, will be btested by determining the ohemical naturds of
crystals in leav CPeom pol lated aeeas . C

ki)

&)

l R Bad. Pressoce of phenolic conpourndss

s

‘ s Gilanificant o ifPerences in Sobtal phenol L concentrat ions o
L. ol et tubed s unpollobes Pt Pasegs ot been weetf fed O COETESE,
¢ ‘ SAPBG  wmnd AR9LY . Mowewer, i ow Feral iminary snalysis,  the L ow
pannin dlevels in Miconia cabucu leaves from Daminho doo Moo was
rewvid owhen compared with leasves from YVale dos Piliaes.

hy & 6
The anatomical  sections  of HMiconia cabuca  leaves  From bhae
wepol Tutsd s ite Cphoto Ay condirm the pronoupced pressaoe of

k]

phenol ic comnpounds, probably related to tanning.

The Hummthwwi% thnt‘?nnhin% give soms probeotion o ocells against

owidant . pollutants will be werified duriag 1993 by bhiocheminoal

P analy ard Fuwigation sxperiments, and 6 will be coreelated to
’ ' P bvory parametere. : ' : ' ‘ ‘

$

£

&

>

Buda Bromato density (table 19)0
Fighsr wstomabs density s spparently erelated o Wighse  gas
eachanga Plux by Bhe  Teaves (see gas exchange)  and bo o highse
i Foliar pollutant concentrat ions.

DifPiculties in obtaining of  Cecropian and Miconia paradersal

sect iong have w8111 fwmpedsd more debtailed sbtomabo shodies of
! . ot hese CMore  wmensibive  and e Gpecies will b
sat fogatec doring 1993 and 4994, Including «iaible injuriess to
the anatomy obseeved o the Field and iy Taboratory Fumigation

i g et fmant s .

v

4. Bas Exchange

Bacause of the initial difficulties in obtaining the souipment to
measure gas exoehange in Flield work, we have optoed foroan indirect
method o vertidy the stomabto aperiore. This method e based on
xylodl infilbration Shrough the stomatos. oo spite of e acy

110 589G

8
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s ing bhe stomatal opening rale, the Fivst results OF1guee

Pty Iy the

inoomes
¢ DY wmatibubively reflect bhe  gas pénebvation oapno
Verat mesophile. ' : :

This  field study  book  place  ino the  suneer  wibhout  hydeic
constraint ‘ ' : o

Gesuming that bhe lead iafiltration period is bhe same as tha
period in o which the exchange s more inbtense, we obsseved that
the species showing a largee pariod }.:.w'f gruhanges between Taad and
sbtmosphers  (Cecropia, Tibouchina  an o Ficousy pessented higher
soyllubtant  mocumnlab fon., The apecies showing  Towsr  pollutant
gl ation o (Piper., Phylodendyron s Costus)  fave om0
Festr icted stomabo apértures. The sxcess of Miconia s bricoms has
Pmpeded the obbtention of bthe wylol infitteation tests raesulis i

this speclie.

The obeerved sbomabal dengity of She plants studied Ctable 110
to be coreelated o the 8 and F ogaseous  pollotant
concentration  capssity of the  Leavaes i other  words, bhe
[ with highee sbomahoal densiby o and foigheee syl
Filtration Lher ® wnd Foacounulator speoies  CPigore 170,
sgie ypobl Wwill possibly be contirmed when She aoabomionl
Cand ogas exchange  ostudies are Pintshed, especially Lomatal
cronlas b Rno g meEasLg : g ‘ ‘

R .

deberninat bon wsbarted in Thow .,y PR wibh

The darge wardiabiliby Cbmaraed N
it ers Cradiation, Tead bemporaburs,
sooohiel oot paermib o the debtection ol

LT

Theg Fiegld phobosunihs
valiows s rasistant o pen i
B phobosuntheb o sobivity
‘ atomabtal . coonduchance, @i
siagnificant  differences between  Lhe polloted areas and  the
o l conbeol LIV pavertheless, wadaab e Paformab fon ahnul
physiological  oharscberization, was obbtained From  the

ahudied, such as bhe Light response curve of Cecropiz, Ficus and
Lo Tibouchina From Male do Modi (Flgure 182 and  wome esbinabes
{ concerning the Tight compensation point (Figure 49 and table 12D .
Ohsorving Chese data, we serify that Costus, Piper, Phylodendron
and Miconia have She lowsr Tlght  oompensabionopoint bypleal  of
shadow plants whereas Ficus and Cecropia are heliophybse, showl 14
fBigh Tight compensation poinlis. ' ‘

e

* , Tibouchina has the Largsr eangs bebween 1ight compens ntion  and
saturat ion-points.,  w e ity whiieh  makes Tt wmuaitable to
Fecolonize the degraded arens in Serea do Mar. :

Monitoring gas sxebhange simgltaneousty in the theee stodiced sibes '

and  mwbending Yhis ionvestigation ‘to seositive speciss Cduring
19939 will poss iy characteriae pollut fon el feots in

{ - Fhotosynthes ts, cespirat ion and beansp tration and oorrelate them

to possible resistance weohmn i gmns . L ’

5. Particulate HMatter

The adaxinl Foliae surfaces of Fieuws, Phuylodendron, Costus and
Piper From Uale do-Modi wers stodisd (o Shis atags. Cecraopia,
Tibouchina and Miconia could not be investigated beoauasse of  an
abundant amount  of Teal teicoms. Baged on bhe ioages obbtained
with the @.E.Mw  Cphobos B Lo 15y and the ohemical oobposilion

~

9

P hB18
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2

obtaineed from the XeRay microprobe, 4 was possible Lo maks the
Following observal Tonst

o, Ficus oand Costes coubioles were whole, wmaling it possible oy
wrvnIJ-m strong epiooticular wiod depositl pabiern (photos 8, 9 and
kRCDIN ' : '

. Bhyledendron and Piper lead sorfaces Cphobtos G4, 48 and g
showesd © alterations  which  wan be  eslated  to  some  pacbicle
deposits, mainly meballic Fereum. :

> »V\1d<11 Cin Moiglvee
Towmer onsanhe fony  wera Found on bhe o lea surface  Cphotos 30
ang doa Merverthieloeas, ﬁQHtVHFU bo owhat was obhserved by Adams @b
Al CAREeY i oabbage, Uhese oegshals seen oob o bhe e B
|n)uv&um'fn ther wpiderm of Lhu i owhich we b
These aubthors  obzerved  the o Gal Al Format Don
e i cut o lae ad 134 wo ey Larrying HTERN wome Lakoed E N
wuper fmenks on bhe cabbage plants

s, oomw e bam o wmu b Pate

oo dn o att o stadied speois

Ao

AR

32

e Most o ood the obusweeved pard fol in bhe wpidaerm, eegardls
G P e wer s snveloped inompiout ioalar warx. Phobo 18 shows
bhe Seaces laft by the X-Ray microprobe onow metallic Feerom
particle due  to the wax o which savelops Shis  particls. T
enveloping  of pactioulate matbar 0 waie probably prevents wore
. wer tous damages Lo he  wepiderm. Tha  warst e ot Don iﬁ bz
et rentised in bhe nexd e Ay owi o omnable ous Lo guant ify
Plhie partioutate  wabter cained by owmplook ioalar war sl Lo
eonluate bhe  Dapbrtar ' Phe phenomenon o epidern probection,
The cont inuat ton of stucies will alao permit the ovalontion
of the wocowprence of Lhe wpicubioular wax srosion by bhe wrain
contaminated with acid pollutants. ‘ '

FUTb%P PERS PFCTIVi“

Ao To*mwtmnd b ch@miwml ahalyses to all selectbed spscies (Dable
(R Camng b ive and pesiabtanty are

Lay o and Lo umtﬁrmjhw‘which,wwwa‘u"
accumulators and which aes nob .

ol wpeies

To extend the biochenical analys tm all seleo Chable
fa) in order to verify which species are res Pnbant or sensil ive.

e To womplete Cecropia. and Miconia uninjueicd leaf wnatomionl
astudies and edtend the anatonical studiss to all selected species
Chable fa). ' ' ' ‘

R Yo reactivate . She  Famigation tQ}HDHP'iHHRHLI” i order Lo
characterise bthe wisible induries by anatomical s g ies, and bo
evaluate the tolsraboe Timits. ' ' :

Pgabe the chemioal pnature of She crystale present in
pmechan ismeg .

G To invest
the leaves, and coreelate them to possible resistance

B To ver i Py the Bypobhesis that banning give some provection to
cells against oxidant pollutants.

S To atudy s,:y§.\-='4 e h ange with infra-red gas anal tlm‘r in sensitive

and resistant mpecies placed o owases  and sent to the 83 owiles
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(UM MP and MY To  movrelate  this  wstudy  to o opol Patant
aceumetat fon by plants and thelir Bilochemioal alterationg. ‘

P To letkbract the epioahioadae waee oo ogquant ify 1L an o ddent ity
b w o components. To, evaloate the was’ Tnporbanoe  in bhe epidarn
peotect ion. ' '
0. T continue he particulabte pabter stady in oeder to syvaluabe
Pl oeourrence  of  She  spioobicslar wase o mlberations bwooeain
coptambnated with acid pollutants. ' ‘
DEGIRED IHPALCTS
This research owill o enable us o wsvaluabe the plant @ B Y 6 € b
podlutant steess and will Facilitate the we dhat bon wasuperat ion
P e G Berea do Mae oo DubabBooe SR T o witl o wle Pt bhe
pollution disgnosie and poliution control aobivitiss perforne i b
DT R ' B
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Table 1a: Species Trom Mlantic Florest selecled Tor sludies on plants’s

resislance Lo pollulant slress

, SPECIE FAMILY HABIT
Cecrapla plagion - Cecropiaceae - Lree
Costus spiralls Lingiberaceae herh
Cupania oblongifolia Sapindaceae tree

Rillcus enormis . Moraceae tree
B\ Mous insipida . Moraceae ~ tree
S | Hedychium coronarium Zingiberaceae herb
U Miconia cabucu ¥ Melastomataceae tres
S \Miconia pyrifalia Melastomataceas tree
T \Miconia theaszans Melastomataceae small tree
A [Honstera adamsonil Araceae creeping herb
N | Philodendron bipinalifidum Araceas ©shrub
T\ Philodendron imbe Araceae creeping herb
Piper cernuum Piperaceae shrub
Syagrus psendococos Palmaceae paln.
[\ Tibouchina pulchra Melastomataceae. lree
S\ Chrpsophilum ramitloruim sapotaceae tree
B |Cryplocharia moschata Lauraceae - ree
N \Bulerpe edulis Palmaceas. palm -
S {Ocotea adorifera Lanraceae free
1\ Psidium Myrtaceae tree
T \Plerocarpus violaceus Fabaceae tree |
| | Virola oleifera Myristicaceae tree
V [Zigia ramiflorum Mimosaceae tree
B
¥ this specie was extinguished in VM
Table 1h: Species selected Lo delailed invesligalions
CODE SPECIES
| Cecropia glazioui Snethl,
7 Costus spiralis (Jacg.) Roscoe
J Fious insipida Willd,
4 Miconia cabucy Hoehne
b Ehyiodendron imhe Schott
6 Fier cernuum Vell,
7 Tibouchina pulchra Cogn.,
N
o
e
. \\f“% 2




“Table 2 Soil Physical Characleristics

PARAMETERS ST B 5
M Vi Vp
Color{Munsel Notation){7,5 YR 7/4 10 YR 6/3] 10 YR 7/4
Apparent Density 1,2 119 1,18
Abgolute Density 2,00 2,0 2,35
Granulometry: ~
200 - 20mm 0 1,90% )
20 - 2mm 0 0.80% 0
o - 0,2mm 44.60% | IhH0% | b640%
0,2 - 0,02mm eh,90% | A8 108 | 52.00%
0,02 - 0.002mm 23,70% 18,60% 6,40%
<0,002mm h,00% 12,60% 4,90%

13
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Teble 3 Sofl mivrobivlogicdl charadderilins )
N-Cldls C- Cudls Fung
STES Nbigbadima fmmoniving  Nifinghoowia | dairfying! protsolyic ksfulolvic microomanism | hemicelulohic 2 ecnamyeEes
anserobis| aambie] bacisa IRMSONORNGR SMOY betets | bacein | seobie | encesctic | misorarisn J
EMPNgddywait &y -
Cominhodobiar | 107108 37902 =32008] 28 M EEN SIS T <z & §ETE s 1304
Vale da Moj IFT T 15807 A <@  BEIEITE AE0S ) AP0 47 1FIE [ 18104 <2 <2 | IFIEE P LT
VdsdosPides | 0104 (221072 2707 1 81 51 peFWE 2FWel 8 <3 s |22 <2 <2 103 L IFE e

- QRN Jg ol dryweight = colony forming units by gram ol dy weight
* WP NJg of dry weight = most probable number by grem of dry weight

ROTE: mehods of aniysis based on POCHON, J. & TARDIEUX, P. - Techniques danalyse en Mimobidlogie & S0, 132

@53130

14
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polluted and control _sites
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Table 8 -Analomical analyses

SPECIES CRISTALS SUBEPDERMICALAQUEQUS | VENTRALDORSUM PARENQUM | STOMATO | FENOLC CUTICLE|

drus. | rafid. | pism. | cist PARENQUIM {number of layers) SUBSTANCE (um) | =

Fleus insppia .| ¢ $ + v + palisada 1+ 2layers fypostomatal 0 spd |-

‘ ‘ lacunose + 20 layers v 4 |

Micoma cabuey + 0 0 0 0 palisade | layar hypostomatal | ¥#+ | wp.§ |

' : ’ lacunose 45 layars ' 2 |

Tibouchimapuleta | + 1 O { 0 | O 0 palisade ! layer hyposiomatal wp.5 | 4

" ‘ lacunose § - Y layers | 0 g |

Fliledendonimba |+ ¢ 0 0 0 , palisade 3 4 layers hypostomatal + spd |-

3 facunose +- 12 layers with lasgs lacuns ‘ g | -

Pipar camuurm 0 + 0 0 + palisade | layar hypostomatad + ap.t | ¢

lacunose §- 4layers AN

Costs spirafis 10410 0 0 + palisade | layer ~amphistomatal + sup.5

) ' lectnose 4 -5 layers inf 3 <

Cecropia gp t 10l 0|0 0 palisada | layar ypostomatal H sp.d |
ol lacunose 3 - 4 layers inf.2

4+ prasence of the characeritic

Oausence of e characterslc. -

Tab\e 91 Stométjc Meésurementé: measurement of mayor and
minor. diameter of guard cell .

LEaMETER

FAY GR
. i

padohia

i)

REITES

AR

apiealis

Table 10¢ Stomato density

on apiderm

GPECTES

S mme

fosipida

GTOMATO
P )

Lol

il

wdcch fna paldohera S . i

(2

rmlb

LA

inFer oy

R

33-10-581-8

-

P Lor. apiderm

e
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Fig. 2a - Soil Analysis
Cubatao-SP- 1962
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Fig. 8a - Soil Analysis
(ubatao-SP - 1992
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Fig. 5 - Experiments design_for
investigation of F ,80,
and NOX

SURVEY OF
RESTSTANT AND SENSITIVE
SPECIES TO ATMOSPHERIC
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\

EFFECTS OF

NOy. SO,. F-

CHEMICAL
ANALYSES

ACCUMULATOR NON ACCUMULATOR
SPECIES SPECIES

Y

SPECIES WITHOUT

Y

SPECIES WITHOUT

SPECIES WITH

VISIBLE VISIBLE VISIBLE
INJURIES INJURIES INJURIES
BIOCHEMICAL EXPERIMENTS BIOCHEMICAL

AND
PHYSIOLOGICAL
ANALYSES

UNDER
CONTROLLED
CONDITIONS

AND
PHYSIOLOGICAL
ANALYSES

Y |

RESISTANT SENSITIVE SENSITIVE RESISTANT
SPECIES SPECIES SPECIES SPECIES

y

A

INVESTIGATIONS

OF AVOIDANCE
MECHANISMS

Y

INVESTIGATIONS
OF TOLERANCE HARACTERIZATION

MECHANISMS OF  INJURY




SURVEY OF
RESISTANT AND SENSITIVE
SPECIES TO ATMOSPHERIC
POLLUTION
IN CUBATAO

\

EFFECT OF
OZONE

6 - Experiments design for
investigation of ozone

,4/\.‘

SPECIES WITH
VISIBLE INJURIES

EXPERIMENTS
UNDER

SPECIES WITHOUT
VISIBLE INJURIES

CONTROLLED
ATMOSPHERE

MORPHOLOGICAL
AND ANATOMIC
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0F THE
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SELECTION OF
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SENSITIVE SPECIES

CHARACTERIZATION
OF INJURY
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Fig, 7 -

SURVEY OF
RESISTANT AND SENSITIVE
SPECIES TO ATMOSPHERIC
POLLUTION
IN CUBATAO

fﬁ PARTICULATE MATTERS 4J

.

Expepﬁnents design for
investigation of
particulate matters

WAX

SCANNING ELECTRONIC MICROSCOPY
AND X RAY MICROPROBE

EXTRACTION

QUANTIFICATION

Y

ELEMENTARY
CHEMICAL
CHARACTER1ZATION
OF THE
CONTAMINANTS

BY X RAY

N

GAS
CHROMATOGRAPHY
Y
MORPHOLOGIC MORPHOLOGICAL
CHEMICAL CHARACTERTZATION AND  CHEMICAL
COMPOSITION OF EPICUTICULAR | |CHARACTERIZATION
OF WAX WAX OF PARTICULATE
MATTER

\\\\\Q\ INVESTIGATION
' OF
RESISTANCE
MECHANISMS
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Fig. 10; Sulphur Foliar Concentratios
Cubatan-SP - Nov.32
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Fig. 12: K Foliar Concentrations

Cubatao-5P - Nov92
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Figure 16 Xylol infiltration
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PHOTO 1 - TRANSVERSAL SECTION OF

CETESB ——W—-————ﬁ

Ficus insipida




PHOTO 3 - TRANSVERSAL SECTION OF

Piper cernuum

PHOTO 4 - TRANSVERSAL SECTION OF

Miconia cabucu
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PHOTO 8 -~ SEI OF ADAXIAL SURFACE
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PHOTO 10 - SEI OF ADAXIAL SURFACE
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PHOTO 12 - SEI OF ADAXIAL SURFACE
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