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INTRODUCTION

Growth of thermal power genoratiou‘aia rapia
expansion of inéustries_ana transport systems have
cereated aevera'prnblems of air éollutioa both in the
developed and the ﬂefeloﬁing countries., Alr éollution
adveraly atftects vQéetation, paterials, structu&es,
animals and human health* During the last two decades
there has been a lot of interest in the study of bi910~
gical responses to air pollutants such as partiouléto
matier, oxides otﬁearbén,oxiaea of sulphbur, oxides of
| nitrogen and photochemical oxidants. A rapid survey
_et the etfects of air pollutanis on the living system
shows that green plénts are relatively more vulmerable
to air'pallutidny A comparetive account of plant and
animal respenses towards the varying concentrations of
major air pollutants are given in Table'igv Alr pollu-
tion injury to'planta represéntea by necrotic patches
on loavea,‘exeessiva leaf fall, stunted growth ocours
‘at comparatively lower comcentrations of air pollutants
as compared to tﬁezr effect on anfimals. Concentration
- of alr pollutants at which plants are reported to azé
are not fatal to animals a&d merealy cause ¢ye irrita-
tion and somo impairment of respiratory process in
animals.




Table

A Comparision of Plants and Animals Responses

Towards Major Alr Pollutants

Pollutant ﬁg“:g Effects on plants aninais
Sulphur 80«100 Chronic injury No visible
dioxidel | etfects
120-140 Chlorosis of leaves; Difticulty
presence of large number in breathing
- of noerotic patches; respiratory
leat fall in sensitive problems
plants,
140-180 Synergestio reaetiens Increased
- with %3 respiratory
adverse effect on. diseases
photosynthesis and ' ‘
flowering; growth and
overall ﬂevelopment
~ - stunted, _
500-600 Death of plants Increased
' lung disecases
Nitrogen 1500~2000 Visible leaf damage Ko effeot
dioxide? in sensitive plants
2506&&690 Large number of necrotic Polyeythemia}
. patohes; reduced photo~ epithelial
synthesis changes in rat
o _ and monkey
Photo-chemical 60-80 Reduction in chlorophyll No effect
oxides® 200-250 Serious damage to leaves Eye
. effect on flowering irritation
400-600 Serious injury to Respiratory
plants problens
1000 Almost death of planta Inpaired
infugion
capacity
Data from:
1. Alr Quality Criterie for Sulphur Oxides, National Air

Poliution Control Administration, Department of Health
Education and Welfare, AP-50, 80f N. Ranﬁalyh Street,

Arlington Virginia, February, 1969

2. Alr Quality Criteria for Nitrogen Oxides,; Netional Alr
Pollution Control Administration, Department of Health
Education and Welfare, AP-84, Washington, D.C., Jan.1971.

3. Alr Quality Criteria for Photochemical Oxidants, RNational
Air Pollution Control Administration, Department of
Health, Bducation and Welfare, AP-63, Washington, D.C.,

March, 1970,




Information on effects of air'pdllniahts on
plants have grown considerably over tﬁe years, Plants
responses to air pollﬁtants_are broadly divided into
three categoriess (a)_Biachemlcalt Bxxect-on'unzym&s
(Baily end Cole, 1959; Ziegler, 1972), amino acid
(Arndat, 1970), ATP {Ballantyne, 1975), meumbrane permea=
bil;ty (Welldburn gt al., 1972); (») Pnysiélogya Etfect
on rate of respiration (Shownan, 1972), CO, fixation
(ziegler, 1972, 1973) and loss of chlorophyll (Rao and
Le Blone, 1966) and (¢) Gross morphology: Growth rate
(Bleasdale, 1972; Bell and Clough, zy?}),VChloréﬁis
and necrosis (Thomas, 19641} Brandt and Heck, 1968) and
epidermal festures (Sharma and Bntlai, 1973, 1974, 197%).

Studies conducted at the physiologzical and the
biochemical levels are mostly based on the effect of a
single pollutant or a combination of two pollutants at
the most, under laboratory conditions, Thus, in nature
whore complex interactioms are taking place smong a wide
array of air pollutants, it is not possible to make use
.0f the data from the laboratery experiments reported in
literature to interpret the impact of oir pollution
under field cnnﬁitions. Field stuﬁiea autonatically
represent an integrated impact of all the pollutants

present in the atmosphere, Epidermal features, like



size and'trequeney of epidermal cells, stomata, idio-
blast and trtchoaea,anong other morphological paranbters
have been ghown to have considerable aénsitivity,%owarﬁi
air polintants thus, leaf epidermis could be helpful in
indicating the impact of alr pollution, This view poinmt
drifea its support from two main comsiderations, namely,
(1) position and (ii) sensitivity of epidermis towards

environmental tactors.

(1) Posttion: Epidermis is the outer most layer of
the leaf, therefore, it comes in intimate contact ﬁith
air pollutants contineously.

(11) Sensitivity of epiﬂermib towards environmental
factors: Salisbury (1927) on the basis of his extensive
work suggested that stomatal frequency can Be of great
significance in understanding canvironmental conditions.
Accoréing tb hiﬁ, stonatal frequency angmenta‘uith incre~
ase in the osmotic and suction pressures which could only
mean a negative correlation with humidity., Leaves of
Nerium pleander normnlly have sunken stomata, however,
Aykin (1952) has shown roised stomate in these leaves by
allowing thewm to develop in an atmosphere saturated with
7uatér vapour., Schurmann {1959) observed that by increaam
ing the water conteni of a plant during leaf formation,
the ratio of the stomata to epidefmai cells 18 enhanced



but gets reduced with the reduction in the water content.
. Brustron (1961) éllowed the leaves to develop under water
from the bud stage. The siomata were initiated in the
usual pattern but subsequently differentiated inteo stru-

ctures having close resemdlance with hyﬂathndesg

Pazourek (1970) showed a close relationahip'betveen
stomatal trequeney“andvlight intensity., In the case of
XIris hollandica stomata developed on both &ye leaf surfa-
ces under high light intensity, in constrast to plants
grown under low 1light intensgity had rather 10ﬁ stomatal
'frequency on the ebaxial leat surface., When plants were |
trangferred from high to low light intenéity. they showed
a progregsive decfease in the formation ét,stanata. It
was concluded that initiation of stomata is affected by
fhe environnental Qanﬂitio;s prevailing at that_time,
rather than those experienced previcusly, Sharma (1972)
studied the effsct of epidermal featires in case of
Verbena canadensis subjected to four different environment
heving varied temperature, hanidity and light regimes.

The stomatal frequenoy, epldernal cell frequency, stomatal
index and trichome density were found to be affected bi

the environmental variations. In contrast subsidiary cell
complex and tricheme type remain unaffected. Sharma (1975)

also reported altitudinal variatiom in leaf epideramis of



Cannabis sativa. Plants growing at low elevations had
higher stomatal !re@aeaey and numerous long trichomes

ag compared to plants at high elevations.

During the past few years, there have been some
studies pertaining to the effects of air pollution on
the epidermal featuroes of leaf surfacos (Table 2).

Sharma and Butler (1973) showed dee?&ase in
stomatal frequency and increase in the ﬁeésity and length
of trichomes in the population ot,gx;;g;ggg‘;ggggg £row-
ing in polluted area. They have also reported that the
sulticeliular type of trichome were generally more abun-
dent than fhm\unicallnlar type in poliuted aress, They
further observed similar changes in cese of Irigodium
Bratense. Acer saccharum grown under polluted environ-
pent ailso showed similar changes in thgieax epldermis
(Sharma, 1975). Recently Godzik end Sassen (1978)
conducted electron microscopic study 4o deternine the
changes in the epidermal features of Aesculus hippo~
castenum grown under polluted onvironment. The epidermal
cells of the adoxial leaf surface without damage in the
form of visible spote were differently shaped, had fewer
folds and a smooth cell surface compared with control
level. On abaxial surface, norsal folds had disappeared

but the surface was not smooth. Stomata did not have a



normal appearence but dust on or near stomata was not
common. It was suggosted that alternation im the mor-
phology of folds along with the changes in the ultra-
structure of the cuter wall of the epidernis may contrie
bute to the lose of elasticity of leaves (Godzik and
Sassen, 1978).

Gesalman and Davis (1978) in their study on ozone
susceptibility of Azalaa eult&vurs (nodu&andren Eps)

pointed out that neither rate of gas exchange nor stowa-
. tal frequency was correlated with degree of vigidle
iajury induced by ozone. They were exposed to 0.30

2 0.05 ppm ozone (590 s 100 ltg/uzga, for 8 hours at various
times during the summer. A comparative study of the
cultioular and epidermal foatures of Calotropis procera
( Asclepiadaceae) eaziected from healthy and polluted
environments (chief pollutants - carbon particulates
sulphur dioxide, carbon momoxide and other oxidants)
done by.Yhnus\and Abmad (1979) rovealed that the fre-
quency of epidermal cells, stomata and trichomes was
conspicuously higher (2, 2 ana.s tines respectively)

in plants growing in polluted arcas as compared to
healthy popunlations. 1In contrast to the stomatal size,
type of stomata, stomatal index and subsidiary cell
complex remained unaffocted by alx poliution,



Eighty five leaf samples of Ricinug gommunis
encompassing five pepulation, four eoilécted from healthy
and ome from polluted environment were examined. Stomatal
 fregquency per mm® abd percentage of ahgormal stomata
(single guard vell or both the gnard cell abarted) on
both the upper and lower epidermis showed a warked incre
ase in plants growing in polluted areas. Ome or two per
cent of stomata on lower epidermis showed a slight decre-
ase in sige. A correlation of idioblast frequoncy and
pollution was also observed (Yunus and Abmed, 1979).
Foliar aﬁaeiaan of §z§zg$gg cuminii aolleeted from the
area polluted by tement dust showed higher stomatal and
epldermal cell freguency as compared to the populations
of healthy areas, ?he epidermal features of leaves of

ten populations of Psidium guajava growing unier different
'environmental aonﬁitianﬁ,(poliuted and‘haaithy) have
heen studied. P, gzuanjava populations collected from
polluted environment (Churk cement factory ecoupound )
showed high stomatal and trichome density and short
oplidernal cells and trichomes as compared to healthy
populations (Yunus and Ahwmed, 1979).

The above studies have shown the iumportance of
opldermal features in envirommental studies., They also
exhibite appreciable response to air pollutants, 7The

gulek responsive nature of the epidermal features offer



an attractive opportunity for employing leaf epldermis
as & reliable bloindicator for enviroumental monitoring.
" Leaf epidermis could provide a suitable substitute for
expensive and sophisticated instruments gonmerally

. recommended for environmental monitoring., Standardiza-
tion and development of epidermis as bioindicator would
be nocessary before employing them im air pollution
monitoring., For this purpose, a systematic study of
the offect of alr pollutants on the e¢pidormis of a wide
range of plant species may provide a reliable basis for
evaluating their potential as a bicindicator of air
poliution,

The present study was undertaken to oxamine
eritically the éttents of air pollution on the opider-
Bal features of local plants species. This investiga-
tion consists of two parts, the first deals with the
field study concerned with the comparision of the
epidermal features of plants growing in areas having
different levels of air pollution. The second part
‘relates to the oxperinental study designed to confirm
field observations by growing plants both in polluted

and non-polluted environments,



Relationship Between Atmospheric Pollution and Bpidermal Features

length

Table 2

;s;z: Rame of plant Type of poliution Epidermal features ~ Polluted Control ﬁ:mie-

% | 2 ) . — - % _ A 1 6 e

: o oiium repens mde —Stomatal Trequency 2 , - 2 T
ozone, partie : _ B?F@r 96&33‘003 1530"31& «% Sharme

‘ : culate matter, : Lower 37.22 7.8 44.3% 9.6 angd

carbon monoxido, Stomatal sigze range Batler
other oxidants . Upper 7-17 10 - 15 1973

Lower 15-25 17 - 25

Trichome donsity/cw® , o
- Upper U% 2 60  U*» 2 25
Lower M*» o 123% M#*% = 60
: : ' Trichome length 95 82

2. Trifolium pratense Sulphur dioxide Stomatal fregucncf :

: - particulate, . _ Uppor 4.4 3.4 25.92 6,0 Sharma
matter, carbon : ‘ Lower  44.63% 2.5 59.32 9.5 and
monoxide, othor Stomatal size range o Butler
oxidants Upper 8«15 8-10 1974

. Loweor 8~14 8-16 '
Trichome density/c
' Lover 220 80
. " Prichome iength 336 283

3. Trifoliun pratence Particulate Stomatal freguency _ .
matter, sulphur Upper 13.9¢ 4.1 - 25,92 610 ~do-
dioxide, Carbon Lower 43.32 7.9 59.3% 9.5 '
monoxide, other Stomatal size range o
oxidants ' Upper 8«15 8-10

‘ _ Lover o 8-16 8-16
Trichome density/cm ‘ ,

Lower 196 80

‘Trichone 396 283

(Conta
j

LR R



Table 2 (Gonm_‘ e

gz: Rane _‘q_f plant Type o»z‘ ;:o;llutiqnu Epidermal features | ?nilutaﬁ | .contmi ﬁg@“
4. Trifclium pratence Sulphur dioxide Stomatal frequency 17.42 3.4 25.92 6.0 ~ do -
particulate Upper 47. 23 9.7 59. 33 9.5
matter, carbon Lower
monoxide, swmtal sizo range
other oxidants Upper 8-16 8-10
, Lower , 8-15 8-16
Trichome density/ca™ )
: - Lower 175 a9
Trichome length 366 283
5. Acar saccharum High concentra- Stomatal frague , ,
~ tion of pollu-~ wf 6.3 1.2 50.3% 4.9 Sharma,
tants due to  Trichome dans;{ ty/em 8780 1975
industries, 0il Trichome length 110 o
rofinerios, and Subsidiary eella 5.6 5.6
automobiles.
6. Acer saccharum Legs pollutants Stomatal trequenc o
due to jet Y 2 18.4%2 2.7 50.35; 4,9 « do -
airport and Trichome aensi ty/cm 0
sutomobiles Trichome length u(x) G 0
Subsidiary cells 5-6 5«6
7.  Acer saccharum Very less Stomatal freque 33.64 3.7 50.32£4%.9 - do ~
- ' pollutants due ne¥ _ .
to automobiles Trichome ﬁensity/em 0 .9
only | Trichome length u(x) 0 0 |
Subsidiary cells 5«6 5«6
(eﬂrﬂm.;;g-aﬁi ‘ :



fable 2 (eontc...;.

gii Neme of plaont Type of pollution Epidermal features Polluted Control Reference
8. Aesculus Pollutants from Shape of stomata Abnormal Normal Godzik and
tuppocatanum coité plant Normal folds on , Sassen,
. lower surface Absent Present 1978.
- Thick epidermnl wall Decreased Normal
9. Azalea Ogzone Stomat frequency No change Normal Gasalmand
caltivars Rate of gas exchange and Davis,
through stomatal pore 1978.
10. Calotropis Carbon particu- Eggéermal cell freguency Twice Normal Yunus and
procera late S0,, COp Stomatal freguency Twice Normal  Ahmed,
and other Trichome frequency Five times Kormal 1979.
oxidants Stomatal size No change  Normal
Type of stomata No change  Normal
Stomata Index No change Noramal
‘ " Subsidiary cell complex No change  Normal
11. Ricims Polluted Stomatal frequemcy/mm=  Increased Normal = do =
communis environment Percent of abnormal ) -
stonata Increased Normal
Size of stomata on One or twe Normal
lower cpldermis percent
decrease )
12. Syzygium €hief polliutant Stomatal Irequency Incroagsed HNormal « do -
cuninit cenent dust Bpidermal cell freguency Increased Normal
1%, Psidium Chief pollutant Stomatal frequency Increased Normal = do =«
guajava cenont dust Trichome density ' Increased  Norxal
Size of epidermal cellgs Decreased Normal

1)
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MATERIALS AND METHODS
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MATERIALS AND MRTHODS
" Area of Study

Delhi is ome of the most polluted city of India
(Parikh, 1977). Delbi has been reported to have maxi-
mun concentration of aaiphnr dioxide, hydrogzen sulphide
and pnrtxcuiate matter as eompared to other urban cen-
ters in India {Parikh, 1977). The contridbuting factors
are thermal power stations, high density of motor vehi.
cles and growing industrial complexes in and around
Delhi. Indraprastha Power Station is a aajer source of
air poilntlanQin Delhi and hes received eonﬁiaerable
puhlicity in gréss, Three areas in the neighbourhood
of the Power Station were selected for studylng the
ét:ect of alir poliution on the mnrphalogy of leaf epie

dermis.
Site of Study

A. - Source of Air Pollution: Indraprastha Thermal
Powor Station is situated in the heart of the metropoe
litan city of Delhi at a distance of about 400-500
meters from the VWost bank of thé river Yamuna., To the |
North-West and the Southern side ot‘the power etation
lie the thickly populated residential complexes yrowis_,

nant offices and shopping centres.

The Indraprastha Power Station vas comnissioned

in 1963. The power generation by this Power Station



varies from 100-250 MW depending upon a variety of
factors, the maximum capacity is\aaé MW, Ayp#oximately
3,400 tonnes of coal is burnt everyday. Three stacks
are operating at present. The flyash emission of
Stack I 1s almost double as compared with Stack II and
Stack 111 {Table 2). Hajor'pollutants feleased frow
the Power Station are flyash, oxides of sulphur, and
carbon dioxide (Table 3), It is evident from the table
that harmful pollutants such as 21y ash and sulphur
dioxide are emitted by the Pover Station in enormous

' qufmtﬁ_, tios.
‘ TABLE 3

Consumption of Coal (in tonnes) and Rate of
Emission of Fly ash (x 107 u gm/sec) from -
the Indraprastha Power Station

Stack No,  Amount of coal burnt/day  Emission rate
I %00 17.65
11 ' 1500 35.27
11 1500 | 35.27

Data frowm: Personal csmmunidation with the Indraprastha
Thermal Power Station authorities.



TABLE & )
Nature and Quantity of Main Alr Pollutants
Released From the Indraprastha Power Station

| ?étai anount“'

Name of pollutant {in metric tonnes)

Fly ash 50-81%
S0p (99 per cent) g 18
503 (01 per cent)

co, * S 4000

#According to "Indian Journal of Air Pollution Comtrol®
(News and Views colusn (annoymus), Januery, 1978), the
amount of fly ash omitted from the Indraprastha Power
Station is about 81 tonns/day but Indraprastha Power
Station authorities gave a figure of 40 tonus/day (per-
sonal communication), These estimates are dbased on
calculation, which takes into consideration the maximum
efficiency of the mechanical and the electrostatic pre-
cipitators installed in the Power Station (personal
communication). But, in view of the fact that these
mechanical and theelectrostatic precipitators seldom
work, accordingly it seems reasvnable that fly ash relea-
sed from the Power Station is much more than 40 tonns/day.
The daily fly ash ecwmission may well be around 81 tonns
as reported in the Indian Journal of Air Pollution. Fly
ash contains about 50% S10y, 24% AloOs, 7% FepOy and
trace amounts of MNg0, 505, ago,,xgo,'p§q5 etc,

A wide variety of plants are found in the vicinity
of the Power Station, which are continuously exposed to
air pollutants, The vegetation near the Power Station

provides a good opportunity to study the effect of air
pollutants under f£ield conditions.



B, Site Characteristicss Anaoiding to Padwanabha-
murthy aéd Gupta (1977), the zone of high deposition/
concentration 19.1ccateavbetweaﬁ 0.8 to 1.6 km trom
thePower Station. This zone ocillates between the
Enst‘ana the South-East during the gteater part of the
year except in tho monsoon months, Zones for moderate
¢oncentration lie in t#g West, Three differont sites
(viz., Site A, Site B and Site C) were selected for
detailed study representing progressively decreastng
 levels of air pollution (Fig. 1.1))..

Site A, locatead ét about one km from the Power

Station in the East-South«East (ESE) direction is the
zone of heavy air pollution. Site B, located at the
same distence in the VWest reprasanta-ihe zone of pode—
rate 1eve1‘0r air pollution. Site C, located at about
6-~7 km from the Power Station in the East-South-East

(ESE) direction reprcsents low level of pollution.
Floristie survey of the vegetation growing im the vigiw
nity of the Power Station was undertaken at three sites
by travérsing the area twice in two directions., Plants
that iere growing at_ﬁ;te Ay Site B and Site C are given
in Teble 5. Ten plants spécies comiion o three sites
were sélected (Table 6), for studying changes in epider-
mal features in resy#ﬁse to different levels of air

pellution,
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Pig. 144 t Location of three Sites A, B.and C in Field Study.

Site At Zone of heavy pollution, at about 3 ko,
in the BSE, direction.
Site B: Zome of moderate pollution, at about
, 1 k. in the VWestera direction.
site C: Zone of low pollution, at about 6-7 km.
in the SE direction.
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Experimental Design

Seedlings for experimental studies were raised
in earthernware paté filled with equal quantities of
loam s0il, FPive plants namely Dolichus lablab, Lens

ulinaris, Phaseolus gus, Cicer arietenum and Vigna
g;n&nggs wore selected for study. Ee@ﬁ specles was
grown in 16 pots, and five seeds were planted in each
pot. BEight pots of each species (in all 40 pots) after
seven days xallowing,garminntion; were transported from
the Jawaharlal Nehru University nursery, t¢ a distance
approximately 500-500 meters to the South of the Indra-
prasthe Power Stetion (Fig. 1-1) (zone of maximum air
poliution in the months of April and Hay ocillates
between SSE to SW direction accerding to Padmanabhaw
murthy and Gupta, 1977). The sccond set hawing egual
nunber of pots were maintegined at the Jawaharlal Nehru
University, The plants at both the locations were
careftully watered with equal amount of water every day.
Observations were made after 53 days, from the time the
pots were transported to the Indraprastha Power Station
wit& respect to gress norpholngy.‘groxth, biompss and
epidernal features, in the two sets of plants grown in

polluted and non-polluted environments.



r

Belhi- Unive

~Shahdra

W, . T

Indilan Agricultural "Connaught .
“place .". 7 . -

Patparganj .

Kalkaji

S

Fig. t1.i4: = foprosents location of plants in experimental study.

{(Plants were kept at about 500-600 meters in the
Soeuthern direction, which is zone of highconcen-
tration of poliutants in AprilMay),



- ia

Gross Morphology

Number of nodes and number of leaves per node
wére recorded for each species. Leaf area per node was
" calcolated using graph peper. Leaves were closely
exémined for chloxrosis, necrosis or any othexr foliar

4injury symptoms.

Biomass

Leaves for both polluted and noas-polluted plants
were plucked from every mode for each plant. They were
dried in an electric oven gt 80°C for 24 hburs. Electrit
¢at balance was used for welghing and four sets of
observations were takem for calculating average values,
Similarly biomass of stem, root and fruit was takem for

both polluted and non-polluted plants,

- Bholorophyll) Bstimation ,

The total chlorophyll for both y¢llatéﬂ‘anﬁ NO L
poliuted plants waﬁ eatimgteﬂ-accorﬂing to the method
given by Strain et gl. (1966), one gram of leaf tissue
was grinded in a mortar and pestle with a small gquantity
of acid washed sand in 80 per cent acetone, The optical
density of the filtered extract wos measured at 645 nm
iar chlorophyll and et 663 nm for chlorophyll b, the
totel amount of chlorophfli was calculated according to
the following formulia.



Total amount of chlorophyll

| =°20.2 (Dgy5) + 8.02 (Dge5) X ~oron

where, Dgys = OD at 645 nm
9663 - OD at 663 nnm
v « Total volume of extract

¥ - Weight of leaf tissue taken,

"~ Preparation of Epidermal Poels

Leaves for preparing epidermal peecls were collee
cted in the morning and brought to the laboratory. They
were thoroughly washed with distilled water using a soft
camel hair brush, Epidermal peels of Brassica glergé%a,
Chenopodium album, Calotrepis procera, Cymodon dactyloen,
Bicinus communis, Withania somnifera, Vigna sinensis and
Lens culinaris were removed ﬁ&nually, for both abaiial
and adaxial surfaces. In case of Achyranthus pepera,
Lantana camera, Somchus asper, Dolichus lablab, Cicer
arietenun, Phaseolus gureus, manual paeling of epidermis
was found to be extremely difficult. To qvércome this
difficulty epidermal preparations were made following
the technique doscribded by Mohan Ram and Nayyar (1974),
The leaf pieces were boileé in 2 nl, of E.to 10 per cent
. aqueous cupric sulphate (CuS0,.5H,0) solutiom, for 1 to
to 2 minutes. It feciliates the seperation of epidermal

layers. 4 ml. of concentrated hydrochloréc acid was



P4l

added to the cupric sulphate solution and the material
was again boiled for 1 to 2 wminutes, This treatment
~dissolves out the unwanted tissues between the upper
and the lower epidermis, After the separatfon of the
epidermal iayers the entire contents were poured into
a petridish, and the fluid was decanted, Epidernal
fragments were scperated out and were washed 4 - 5
times with water to remove adhering debris. Temperéty
slides of epidermal peels were prepared using 20 per
gent glycerine.

Light Microscopic Study

‘The epldermal preparations were examined under
the 1ight microscope {10 X x 40 X)}. Number of stomate
per field view were counted., Similarly trichomes were
also enumerated and their density was determined, The
size of stomatal pore and trichome length were measured
using oecuiar micrometer which was culiberated with the
help of 8 stage miarometer; At réﬂﬁom six different
microscopic fields wore examined to determine the avera-

ge density of stomata and trichomes.
Scanning Electron Microscepic Study

A Sample preparation: Collected léavea were washed
with double distilled water using soft camél hair brush
Aftor wiping the leaves with tissue paper, they were

14



Lea® sample_was kept with
adaxial surface upward

A notch was made at
the right hand side.

Another notch was made
at the lower side keeping

leaf in the same position.
{Adaxial surface upward)

Fig. 2 3° A simple process for differenciating the
| adaxial leaf surface from abaxial, since
it is necessary for scanning electron
microscopic study.(Leaf sample with notches
in the lower right hand side will represent
the . adaxial surface).
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placed with their adaxial surface upward and leaf samples
0f 2 mm square were obtained. Two notches at the lower
right hand side were made as shown in the Pig, 2. Thus,
t¥iangular gaps on the lower right hand siﬁe were helpful
in identifying the éﬁaxial leat surface during subsequent
processing.

B. Pixation: Leaf samples were zi#ed in 3 per cent
glutalaldehyde (1naghosphate‘butfer 9ﬁ'?‘2) post fixed in
one per cent osmium totracxide (inm phosphate buffer pH 7.2
Dehydrated in 35, 50, 85, 95, 99 per cont ethnol (three
changes, five minutes each) placed im amyl acetate {15
min), They were Bept on specimer holder with guickfix,
followed by coating approximately 200 & thick layer of
silver by vacuun evaporation method nnder vacaum of 10°5
Torr. The preparations were scanned using a Gambridge
Stereoscenn Model S4+10 electron micrescope. SGAnning :

. electron micrographs of stomate and trichomes were taken

for both abaxial and adaxial leaf surfaces.




CHAPTER ~ IIX

OBSEHVATIONS



OBSERVATIONS

Fleld Study

Site A, B and C represent decreasing levels of
air pollution (Fig. 1(11)). The pumber of species
recorded at Site A, B and C were 19, 16 eand 16 respe-
etively (Table 5). Ten species, namely Achyranthus
aspera, Brassice sloracea, Calotropis proceras, Chenopodium
album, Cymodon dectylom, Lantena Cemera, Nerium indicum,
Ric;gug‘gommunis, Sonchus asper and Hithania somnifera,
common to the three sites wore selected for a compara~
tive study of their epidermal features (Table 6).  1In
general, plants of Site A and B were stunted as compared
to the plants of Site C. Plants at Site A anﬂ_B had
visual pollution injury symptoms (Table 7). The leaves
61 §9nohna asper and Ricinus gommunis were:ﬁfu&pled and
necrotic with enrolled margins. In Achyranthus aspera
and Brassica oleracea either leaves tips or leaf margins
were yellow., Cynodon dactylon and Neklag indicum appear
comparatively resistant as they were free from any visuel
injuries.

Epidermal Characteristics

Plants at Site C were rcgarded as control becaéso
this site was comparatively free from alr poliution.
Morphology of stomata and trichome of Site C plants was
studied for 6omparing the effect of air pollution of leaf



epidormis of Site A and B plants.

:'rhe number of stomata on the adaxial leaf surfaces
varied from 34 in Calotropis procera to 14 inm Cynodon
dactylon (Table 9). On the adaxial leaf surface, the
stomata were less (11-43 per cent) as compared to the

abaxial leaf surface.

On the basis of the arrangement o0f subsidiary
cells mpix types of stomata, viz., anomocytic, anisocytic,
diacytic, paracytic cycloeytic and tetraeytic have been
described in litaraiura. 'Tke stomatal pattern of the
geiected plant 1é recorded in Table (9).

Achyranthus aspera, Ci
asper and Withania somnifera have anomocytic type of
stomata. Paracytic type of stomata are found in
Calotropis procera, Nerium indicum end Ricinus communis,
The stomata in Cynodon dectylon and Lantaba camara are
diacytic type, while in Bragsica oleracea are anisocytic
typeoe.

The abaxial leaf surface in Sonchus asper was
villose while the adaxial surface was pilose in nature
 8leracea and Lantang comarg were pilose on the hbaxial
surfoce and pubescent on the adaxtial surface. Both the

(Table 8). The leaves of Achyranth

leaf surfaces in ¥ithaenio somnifera and abaxial leatf
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surface of Nerium indicum and Chenmodpodium album were
pubescent. Leaf surfaces of Celotropis procera and
Ricinus communis, adoxial surface 1n.§g£ggg indicunm,

and Chenopodium album and abaxial leaf surface of Cynmodon
| gactylon were kla&feseent.in'natures Adaxial leaf
surface and in Cynodon dagtylon was glabrous. Stomatal
nunber was found ia_decreasa from Site C to A (Table 9),
The stomatal reduction on both leaf surfaces in Site A
plants was 0«11 per cent wmore as eamparéﬁ to Site B
plants. The aetuéllreéactinn varied from specles to
species, Maximom stomatal reduction was ohserved in
the adaxial leaf surface of Souchus asper {36 pei cent)
tollowed by Brassica gleraceas (28 per cent), Lgntana
camara (20 per cent), Hicinus gommunis (19 per cent),
Achyranthus aspera (18 per cent), chegaeagggg,g;ggg
(15 per cent), Winthanig gomnifera (10 per cent) and
Calotropis procera (7 per centj-at Site An

The abaxial leaf surface scems to be relatively
resistant to air pollution in comparision to adaxial
leat surface (Table 9). Stomatel number was reduced
in the following seoquence: Brassica oleracea (18 per
cent), Sonchus aspex (15 per cent), Lantana canara
(13 per cent). |



A significaent variation in the size of stomatal
pore wasvobseived. The length of stomutal pore in Site
A plants was 0-13 per cent more as compared fe Site B
§1ants, fhe»length-ei the stomatal pore on tﬁa adaxial
leaf surfece in;gghchga asper was 32 per cent less follo-
wed by Brassica oleracea (30 per cent), gglgtrogié procera
{28 per cent), leﬂﬁéoﬂinm,g&&ggﬂ(aﬁ per cent), Withania
sounifera (24 per cent), Ricinus gommunis (16 per cent).
In Laantana camara, Achyranthus aspers and the rednciion
was about 10 per cent (Table 10). -

Reduction in the length of stomatal pcré at
abaxial leaf surface was observed in the tolldwing |
,deqneno;/; Calotropis procera (36 per cent), Chenopodium
aibum (27 per cent), Lantans camara (23 per cont)
-Brgasiéa gleraces (22 per cent), Withania sounifers
(21 per cent), Ricinug communis (20 per cenmt), Sonchus
asper. (18 per cent) and Achyranthus aspera (6 per cent)
(Table 10). |

The breadth of stomatal pore was aignificantly
- reduced on the adaxial leaf surfaces in Site A plants
{ Table 11). Forty por cent reduction was observed in
Achyranthus aspers snd Brassica glerscea followed by
Sonchus asper (38 per cent), cnengggﬁgggu_‘buw (28 per
cent) and Rieinus comumnis (20 per cent). In Calotropis



rogera, Bicinus communis and Withania sownifera only
O~14 por cent reduction was observed, The breadth of

stomatal pore on th& abaxial leaf surface seems to be
less affected as compared to the adaxial leaf surface
(2«14 per cent)s There was hﬁ significant change in
the breadth of stomatal pore on either leaf surfaces
in the plants of Site A and'sg In Cynodon dactylon,
there was practically no variation in the stomatal
characteristics at Site A anmd B, |

The length of trichomes and their demsity on
tha aﬁuﬁial leat surface were found to be affected.
Trichomes in most of the plants at Site A were denser
{0-8 per cent) as compared to Site B plants except
Ricinus communis, In general trichomes in Sonchua
asper were most sensitive (Table 12). The density of
trichones 1n'§gnghgsiggggg‘was 50 per cent highor at
Site A. The trichome aanﬁity increased inﬂﬁggggg;g |
somnifera, Neriuw indicum and Achyranthus asper at
Site A by 35, 30 and 27 per cent respectively. 1In
Calotropis procers, Chemopodium album, Brassica
oleracea, Lantons camara and RBicinus communls increased
triqhome the density otvtriehomﬁg'uas upto 25 per cent
more at Site A. |



The trichome density on the sbaxial leaf surface
did not vary much and in né case it was more than 22
per cent in.compérison to Site C plants, Trichome
density in Site A plants was 0-10 per cent higher than

"Site B plants except Calotropis procera, '

Maximum inorease (61 per cemt) in the trichome
length was observed on the adaxial leaf surface in
Sonchus gsper at Site A. The length of trichomes in
Nerius indicus, Bieinus communis, ¥ithenis somnifera
and Calotropis procera at Site A increased by 44, 40,
35 and 30 per cent respectively. In Lantana cauwara,
Aehyranthus aspera, Brassica gleracea and Chenopodiunm
album at Site A tho Increase in the trichome length

was below 16 per cent. The data in Table shows that
trichome length at the abaxial leat surface imoreased
marginally (bvelow 19 per cent)., The trichome length
increases more (0-14 per cent) in length om the adaxial
leaf surface in Site A plants as compared to Site B
plants (Table 13).

Chlorophyll Content
Plants at Site A and B‘véried in their chlorophyll
content, Site A plants had eomparatively less chloroe
phyll. Data on chlaraphylllaontent are summerized ih
Table 14. chlgrophyli reduction varied from 32.3 per cent
in Sonchus agper to 7.2 per cent in Nerium indicum.
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Scanning Electron Microscopic Study

Figs. 3 and 4 ropresent scanned micrographs of
adaxial leaf surface of Brassica oleraceg growing at
Site C and A respectively. The size of the stomatal
pore in plant growing at Site A is small (Fig. 4) in
comparison with the plents of Site ¢ (Fig. 3). In the
later case, the boundary of ato&ata} pore is compari-
tively.smooth (Pig. 3)s The subsidiary cell complex

in plents of Site A show nurerous folds which are absent
in Site B plants, |

Figs. 5 and 6 shoy scanned mﬁeragkaphs of stouata
of ¥ithanis somnifers leaves from Site C and A respecti-
vely, The size of the stomatal pore is small in Site A
plants (Fig. 6) in comparisén with Site C plants (Fig. 5),
In the latér case, the stomata appears to be in a groove
with comparitively smooth pore boundary. Rugged surface
of subsidiary cells in Site A plante (Fig. 6) is more

prominant,

Pig, 7 and 8 represent the sconned micrographs
of trichomes at adaxial leaf sarface in Lantana camarn
from Site C and Site A. Trichomes in Site A plante are
much longer {Fig., 8) inm comparison with plants of Site
C and at the same time trichomes at the former Site were

brokeiis



Fig. 33 Scanned electron micrograph of adazial leaf

surface of Brugsica oleraces growing at
control site, (x220)

Pig. 4 Scanned electron micrograph of adaxial leaf
surface of Brassice oleracea growing at
polluted aite. (xzzoo)







Fig. 5: Scanned electron micrograph of adaxial leaf

surface of Withania somnifera growing at
control site. ( x2(c0)

Fig. 63 Scanned electron micrograph of adaexial leaf

surface of Withania gsomnifera growing at
polluted site. (x2100)
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Fig. 7: Scanned electron wmicrograph of adaxial leaf
surface of Lantana camara growing at control
site. (X gﬁ)

Fig. 8: Scanned electron micrographs of adaxial leaf
surface of Lantana camara growing at polluted
site (xs2)
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Fig. 9: Scanned electron micrograph of adaxial leaf
surface of Sonchus asper growing at control
site, (x120)

Fig. 10: Scanned electron micrograph of aduxial leaf

surface of Sonchus asper growing at polluted
site. (x212)






) Fig. 9.and 10 show the scanned miorographs 6:
Sonohus psper leaf saurface from Site C and A respecti-
vely. A sigpificant increaséfin the slze of the trichomes
in plant growing at Site A is quite prominant, |
Experimental Study |

Experiments were dbsigned to compare the effects
of air pollution observed in the field observations.
Tﬁo sets of plants were grouwn in identical soil for 53 -
days following germination at polluted and non-pollutéd
8ites. At the conclusion of thayexyeriment, the gross
morphology of the plants including nuaber of leaves;at
each mode (Table 14) leaf area and leatf biomass (Tables
15, 17, 19, 21 and 23) and total plant blomass (Tables
16, 18, 20, 22 and 24) as well as leaf injury and their

epldermal characteristics were obeerved.,

Table 15 gives tho numbar of iaavea at each of
the first three nndés, the number of leaves weie same in
both sets oi plants. The leaf number, however, decroased
gradually, beyond third node as a result the total number
of leaves at the conclusion of theexperiment were less
in plants grown at polluted site. In Dolichos lablab,
reduction in number of leaves was 33 per cent, followed
by Phaseolus aureus (29 per cent), Lens culanaris (27
cent) and Cicer arietenum (25 per ceni). Yigna sinensis



seems to be comparitively resistant to air pollution

since it showed only 9 per cemt reduction,

Data regarding leaf area and leaf biomass for the

two sets of plants are given in Tables (16, 18, 20, 22
end 24). Reduation\in tﬁe leaf area was in the folloe-

wing sequence: Cicer arictenum (54 per een&).'gggggggg
l1ablab (44 per cent), Phaseclus anrens {40 pe? cent),
Lens culinaris (39 per cent) and YVigna sinensis (35 per
cent). The cnaagas-in'ieat bi bmass also followed more
or less the same yattﬁrn;a Déiiaggs_ggg;@g {59 per cent),
Cicer arietenun (50 yei cent), gggggggggigggggg (49 per
cent), Lens culanaris (42 por cent) and Vigna sincnsis
(30 per cent).

The total plant blionass was aignitiaautly affo-
eoted by air pollution (Tables 17, 19, 21, 23 and 25).
In Dolichos lablab &t was reduced by about 52 per cent
followed by‘g;ggg:grietenum.(si_yer aeuﬁ), Lens eulinaris
(49 per cent), Phaseolus aurcus (46 per cént) and Vizna
ginensis (36 per cent). |
Visual Injuries

Visual injuries in the leaves of plants grown at
polluted sites were observed (Table 26). Leaf injuries
such as necrotic patches, chlorosis, deed intervenial

tissue end enrolled leaf margins were observed in Doliches
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dableb. In Cicer arictevum, Lens culinarig and fhascolus
aureus 1n§ﬁry symptoms appear at later stages suggesting “
that they are comparatively more resistant, Vigna
gine#sis was free from any injury. |

Epidernal Characteristics

Epﬁdarmal'taatures including type of stomata and
trichome morphology (Table 27) im plant grown at none
polluted site were studied for evaluating the effect of
air pollution,

. Cicer arietcnum has pilose leaf surface while in
Doliciios lablab, Lens culinaris end Phaseolus gureus leaf
surfaces are pubescent. The leaf surfaces of Vigna
Sinensis are glabrescent. Number of stomata in plants
grown under experimental study in contrel set of plants |
varies from 18 in Phaseolus gureus to 7 in Lens culinaris
on adaxial leaf surface. Abexial leaf surface in these
~ plants have more stomata (25-43 per cent)(Table 28).
Plants species used in the experimental study bave para-
cytic type of stomate in Clcer arietenum, Dolichos lablab,
Phaseolus gureus and Vigna-sinensig while anisocytic type
in Lens culinarig. | |

The number of stomata on adaxial leaf surface in
Cicer arietenum was reduced by 34 por cent (Table 28).
Phaseolus aureus (29 per cent) and Dolichus lablab (27 per



cent) also exhibited considerable reduction, In Lens
culingris end Vigna sinensis, they were reduced by 19
and 15 per cent respectively.

The abaxial leaf surface do not réavondeqnaily
to air polliution aé in no case the reduction in the

number of stomats was more tham ten per cent.

The length of stometal pore wus also found to be
affected by air pollution (Table 29). 1In Ciger arietinum
' 42 per cent reduction was observed followed by Dolichus
lablab (36 per cent) und Lens gullinaris (28 per cent).

In ¥Yigna ggngnsgg. it was reduced by 10 per cent only.

It is interesting to note that reduction in the length

of stomatal pore on abaxisl leaf surface in mest of the
plants was almost helf of the reduction om the adaxial

surface. | |

The‘breadkh»ax stomatal pore on both 1éa£ surfaces
also appear to be influenced by air polliution, The'hread~
th of stomatal pore ofi the adaxial surface was reduced by
44 per cent in Dolichos lablab and Phascolus aurens (Table
30). Lens gulinaris and Cicer arietenum it was 31 and 30
per cent respectively., 13 por cent decrease was observed
1n,2;ggg|§;gggggg. Breadth of stomatal pore on the aba-
xial leaf surface was found to decrease in the following

sequence: Dolichos lablab (37 per cent), Phaseolus gureus
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{30 per cenv}, LenS CUinoran \(AJ POr GOV 9 wavuos
ggieteggn (14 per cent) and Vigna sinensis (12 per eant).

Appreci able differences were also observed in the
length and dens;ty.af trichomes particularly at the adae
xial lcaf surfacos. |

On the adaxial leaf surface, the trichome density
was 46 per cent higher in Cicer ari
Phaseolus aureus and Dolichos lablab (4% per cent),

Lens culinaris (33 per cent) and Yigna ginensis (33 per
cent){Table 31), On the abaxial loaf surface the increase -

gtenum followed by

in the density of trichomes was below 18 perxr cent,

Clearly visible effects were ahaérveﬁ s0 far as
1ength of trichbmea»ax abaxial 1aat surface are concerned
(Table 31). The length of trichome on the adaxial leaf
surface in Dolichos lablab inocrease considerably (50
per cent), followed by Phoscalus sureus (  per cent),
Cicer arietenum (31 per cent), Lens gulinaris (28 per
cent) and in ¥Yigna sinensis (12.5 per cemt), The length

ot trichowme did not change imuch on the abaxial leaf

surface in all species {(Table ).

Chlorophyll Content
Data on the amount of total chlorophyll in piants
grown in ﬁollnted.and control environments are given in

?ﬁble 33 It was 37.8 per cent less in Cicer arietenum
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followed by Phaseolus aureus (31.4 per cent) and Yigna
.sinensis (11.1 per cent)., |

Eleotron Microscopic Study

| | The scanned mierogrﬁphs (Figs. 11-22) of the
stomata at the abexial leaf surface of Chenepodium’
album show thot the size of the stomatal poiﬁ was less
in plants of poilnted environment (Fig. 12). The edge
of stomatal pore in planis of polluted environment

(rig. 14) appear uneven,

Pigs. 13 and 14 are the scenned miorographs of
stomata of abaxial leaf surface in Egliéhué lablab
from non-polluted and polluted enviromment. In pollu-
tea/enviranwent;,&tématai‘pore sizo becomes considera-
bly small (Fig. 14),

Figs.'aﬁ and 16 represent scanned micrographs of
adexial leaf surface of-'iegg’grgeteggmlgrown in none
polluted apd polluted environment. Thevdeﬁsity of
trichomss has tonsiderably increased in plants grown

in polluted environment (Pig. 16).

A conmparative study of the scanned mietagfaphs
of plants grown in polluted and nan-pailuteﬁ‘environé
ment reveals that the air polliution reduces the sige
of stomatal pore, promote folding of the pubsidiary

gell surface and increase the density of trichomes,
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-Pig. 31: Scanned electron micrographs of abaxial leaf
surface of Chemopodium plba growing at control
stte. (x2200)

Fig, 12: Scanned elcctron micgograph of abaxial leaf
surface of Chenopodium alba growing at
polluted site, (x2200)
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Fig. 13: Scanned electrom micrograph of abaxial leaf

surface of Dolichus lablab grown in control
shte. (xlloo)

Fig. 14: Scanned electron micrograph of abaxial leaf
surface of Dolichus lablab grown in polluted
Site. (x 200







Fig. 15: Scanned electron migrograph of adaxial leaf
surface of Cicer arietenum grown in comtrel
suxtussx site. (x53)

Fig. 16: Scanned electron micrograph of adaxial leaf
surface of Cicer arietenum grown in polluted
site. (xs%)






" Table §

b

List of Plants of Site A, B and C.

9.

S.N.  Site A ‘site B site C

1. Achyranthus aspera  Acacia arabica Achyranthus aspera

2. Altheca rosea Achyranthus aspera Brassica oleracea

3. Amaranthus spinosus Amaranthus spinosus Calotropls procera

he &mﬁrantbus viridis Braaaiea‘oleraaea Chenopodiun labum

S Braséicaveleraeea Calotropis 9raeer§ Croton bonplandianun

6. Calotropis procera Chonopodium album Cynodon doctylon

7. Cassia fistula Croton bonpladianum Euoaiyptna globdulus

8. Chenopodium album Cynodon dactylon Lantana camara
6foton bonplandianum Euealyytua globulus Nerium indicum

10. G&nodon‘daetylon Lantana camara Fhrkinannﬂa aculeata

11. Eucalyptus globulus Nerium indicum Ricinug communis

12. Lantana 2amara Ricinus comiunis 5ida alba

13. Lathyrus aphace S8ida alba Sonchus aspey

1%, Nerium xnﬁiéum Senchus asper Vernonia cinerea

15. Parkinsonia aculeata Vernonla cinerea Wlthania somnifera

16. Ricinus communis Withanie somnifera Xanthium strumarium

17. Sonchus asper

18, Vernonla ecinerea i

19.

‘¥Withania somnifera -




Tu’blé 6

List of Plants Selected For Detailed Study

2. Aubyrahthus aspera
2, Brassica oleracea
3. Calotropis proaeia
h, : Chenopodium aibum

. #yﬂ&d@n dactylon
6. Lantana camara

7e Nerium indicus

8. Ricinus coumtmnis
9. Sonchus asper

10, ¥Withania somnifera




Table 7

Visual Symptoms Observed in Plents Comzon to Site A, B and C

Achyranthus aspor ¢ Yellowing of leaf margin gradually

: extending towards the center and
ultinmately ending in a crumpled leaf.
Young lesf develop dbright red color
along Veins and Veinlets.

- Brassica oleracea : Chlorosis with lesions of brown color,
: . Crunmpled leaves deformattos can be seen
in young leaves.

- Calotropis proceral Yollow strips on the leaf, tip of the
leaf turning brown from yellow and at
last becouing brittle,

- Chenopodium albunm éhlcrosis‘af leaf.

Cynodon dactylon No visual symptouns were observed.

L

Lantans camara t Rolling of léat margin,vcrumpied'leavese
Nerium indicum 3 No Viauul.sympﬁoms wore observed.
Ricinus communis ¢ Necrosis, Inteveinal tissues killed.
ﬁancﬁus asper $ Necrosis, crumpled leaves £éllawed by

' death ¢f most of the leafy tissue at

later stages.

Viﬁhania somni feras Chlorosis, brown patches were also
observed, '




Table G
Epidermal Morphology of Plants Common to Site A, B and C
S ta Stomata - 3 ehene Chataster ’
Species ) type T:iohaNQVQnaract§:§§§ica
Achyranthus Anomocytic Adaxial: Pubescent: Short, soft
asperas and straight hairs.
Abaxial: Piloses Thinly covered
with long soft hairs.
Brassica Anisocytic Adaxial Pubescont; Short, soft
oleracea and stralght hairs.
Abvaxial Pilose: Thinly covered
: with Zang soft ahirs,
Calotropis Paracytie Adaxial Glabrescent: Short hairs
procera Adaxial Glabrescent: Short halrs
Chenopodium Anomocytic Adaxial Glebrescent: Swmooth and
album : shining surface.
Abaxial Pubescent: Short soft
| : : and straight hairs.
Cynodon Diacytic  Adoxial Glabrous: Smooth surface
dactylon . freo from hair.
, Abaxial Glabrescent: Short hairs.
Lantana Diacytic Adsaxiel Pubescent: Short, soft
camara : _ and straight hairs.
Abaxial Pilose: Thinly covered
with comparitively long
: . soft hairs.
Nerium 1 Paracytic Adaxial Glaebrescent: Short hairs.
indicum Abaxial Pubescent: Short, soft,

' and straight hairs.
Ricinus Paracytiec Adaxial Glabrescent: Short hairs.
communi s Abaxial Glabregcent: Short hairs

Sonchus Anomocytic Adaxial Pilose: Thinly covered
asper , with long soft heairs.
: Abexinsl Villoses Thickly covered
with long soft hairs.
Withania Anomocytic Adexial Pubescent: Short, soft
somni fera ‘ ~ and straight hairs
Abaxial Pubescent: Short, soft

and stralght hairs.




Table 9

‘Effect of Aix Pollution on Stomatal Density
{Nusber/field view)*® (Xgc)#+
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D

Syeeiea'

 Surface Site A Site B Site C

Achyranthus aspera

Brassica oleracea

Calotropis procera
' ~Abaxial

Gheaope:»dium album
G?ﬁoﬁoh dactylon
Lantana camara
Ricinus comumnis
Sonchus asper

¥ithonia sounifera

w -
L 1"

A_ﬁ'wzlal
Abaxial

Adaxial
Abaxi al

Adexial

Adaxial
Abaxial

Aasial
Abaxial

Adexial
Abaxial

Adaxial

Abaxial

Adaxial

Abexial
Adaxianl
Abaxial

- . - Lad
S Kl
= e

13 2 1.6

10 2 1.9

13 3/2.3‘1

34 2 &4t

36 2 2.4
21 g 3.7
8 & 0.2
14 2 1.2
16 £ 0.9
51 20,9
17 £ 2.3
31 & 4.4
9 % 1.2
16 2 3.2

i8 X 1.9
23 2 3.7

. . i}
i e A

14 J- 4 1.0

16 g 2.4
11 & 1.7
12 3 2.0

26 & 2.6

16 2 Jei
23 2 B.1

16 b A 1.3
28 2 2.9

17 1z 1.9

10 3 1.2

17 g4 2.5

B S )

L
.

16 4 1.8
18 3 207>
14 2 1.3
25 2 3.1
8 2.1.2
33 p. 4 3.9

19 £ 3.7

20 + 4.1

* 10xXX 40x
*@i-mm

o « Standard deviation.



Standard.

deviation,

| Table 10 .
" Bffect of Alr Pollution on Length (u) of Stomatal Po#m
(B g ) '
Species Surface Site A Site B Site C
Achyranthus aspera Mﬁ”?’“l, 2t & 1.9 21 _;_2;,1 2 3 2.4
Abaxial 17 2 1.6 17 2 1.9 18 & 2.3
Adexial 9 £ 0.5 9 £ 0.6 13 2 0.9
Brassica oleracea o : '
| Abaxial 7 £0.3 7 3$0.4 9 g 0.6
| Adaxial 12 3 2,1 13 £ 1.5 17.s 2.2
Calotropis procera ) '
‘Abaxial 9 £1.3 10 1.2 14 5 2.9
: , Adaxial 141 2 0,5 11 2 0.6 15 2 0.9
Chenopodium album & &5 *
., | Abaxiel 8 £0.4 B8 3 0.3 11 g 0.7
.+ Maxial 12 2 0.7 42 £ 0.9 12 g 1.2
Cynodon dactylon
. ‘ . Adaxisl 15 ¢ 2.2 16 £ 1.9 19 & 2.7
Lantana cematra _ .
Abaxiel 10 £ 1.9 11 4 0.9 13 ¢ 2.9
- Adoxicl 21 g 3.5 23 & 2.8 25 % 3.7
Bicinus communis 8 ‘ _
Adaxiel 15 & 1.7 16 3 2.1 22 2 2,3
Sonchus asper |
. Abaxial 9 £ 0.8 9 4 1.2 41 2 4.7
Adaxial 1% & 1.1 13 4 2.3 15 ¢+ 2.
Withenie somnifera : * : & = %87
' Abaxial 11 & 1.9 12 2 3.4 14 2 3.2
. 4 X ~ MNean
c -



Table 11
Rffect of Atr Pollution on Breadth (u) of Stomatal Pore
| (B 4 )

ﬁncie 5

Surface Site A  Site B Site C

Achyranthus agpera
Brassica oleracea
Calotropie procera
Chenopodium alrhum
‘Gynoﬁgn dactylon
Lant ana canara
Mcv;i.nua cezgmu;:is
Sonchus asper.

Withania sommifera

Adaxial

) Abazxial

A8axial
Abaxial
Adexial
Abaxial

Adaxial

: Aba:xi al

Adaxial

 Abaxial

Aaxizl
A

Abazial
Adaxial
Abaxial
Adaxial
Abuxiai
Adaxial
Abaxiai

1,58 0.3

ia0¢ 0.4
1.62 0.2
1.0+ 0.1
3.09 0.4
2.5 0.3
2.153,1’0;2
2.04 0.1

3.52 0.7
2003 0&5

&1033 0'5
3&..0;0_; 0*3

2&5;‘_’, 993
iosi 0.2

Qs!{g 0.3

3. 63 0.4

1,52 0.2

1.5¢ 0.25
1.C2 0.1
2:5& G.3
2:0& 0.2
Snoz 042

3;5& 0,6
2@@3 0.4

’th 0.4
‘ioog 00&

1.5% 0.3

3.5% 0.3

1.530.3
2»5,&0'3

358 0.5

3052, 0.2
2.5,;0; 0.1
3#03 6.‘3
Epﬁz 0.4

!1.53 0.8

2.52 0.6
5.04 0.6

4,52 0.2 |
4.08 0.6
2.04 0.5

5&93 0-07
&oOt 9.6

® ¥ . Mean

- -

Standard dMati 163



'l‘at&e 12

Effect of Air Pollution on the Denaity (Number/uZ)
of Trichome (X go )

Site C

Species Surface  Site A  Site B
Adaxial 1404 23.2 1404 18.7 1104 12.2
Achyranthus asper L o o -
Abaxial. 1624 27.2 ;623 29.2 1424 17.1
Adexial 140% 29.2 1324 26.7 1152 19.7
Brassica oleracea , ‘ '
Abaxial 1804 51.8 1702 21.9 158& 24.8
| ~ Adawlal 703 6.9 70% 5.2 60s 4.6
Calotropis procera ' ' ‘
~ Abuxial 80g 8.8 85% 8.1 753 5.9
| | 4 Adaxial 303 6.7 263 2.4 24g 7.7
Chenopodiunm albun - '
| o Abaxial 110g 11.9 100% 13.8 924 11,2
. . , Adaxial - - -
Cynodon dactylon :
. ' , Abaxial 318 '9:2 234 7.8 284 8.1
| Adaxial 2203 31.4 2204 26.4 1904 21,2
Lantana camara : .
Abaxial 245s B4.4  245s 31.2 2208 21.7
- | Adaxial 853 26.7 644 22,4 654 17.2
Neriuw indicun o ) '
Aboxial 145 25.4 145 23.8 1352 21.2
Ricinus coumunis o _ - ,
Abaxial 80g 8.1 80z 7.0 75s 6.0
Sonch Adaxial 210s 21.2 210s 16.8 140s 7.2
per A
onalius aspel Abaxial 2803 27.3 240 12,2 2104 16.2
| Adaxial 100% 7.9 1052 9.2 752 5.9
Withania somnifora ‘
Abaxial 1053 8.2 100 9.0 853 7.2
*3% - Mean | ) |
¢~ ~ Standard deviation



¥4 thand S
ithania somnifera Abadal

Table 13
Bffect of Air Pollution on the Longth (u) of Trichomes
Species  surface Site A  Site B Site ©
Adaxial 125$27.8 122425.2 1104 9.6
Achyranthus asper - L L L -
Abaxial 152$16.8 252321.2 146s11.4
Brassice olo Adexial 110411.8 1004 9.7 95% 8.9
- Brassica oioracea: . . ) o ‘ :
98708 OTOTRGOR' Avexial 1623 9.6 157417.5 150s12.8
) Adaxial 604 8.4 -65s 4.9 45s 3.2
‘Calotropis procera o o )
Abaxial ,503;".5;9 . 50& 3.7 593 5.0
- Adaxial 138 3.4 125 5.2 1124 1.9
Chenopodiun album , N :
| " Abaxial 1200216.2 95s11.2 8§74 7.2
° a dabtyion |
ynodon GalWyiom  Kbemial 423 9.1 394 7.8  39s 8.4
_, ABoxiel 130422.8 isa;a#.a 110416.1
- Lanthaus camara ,
' Abaxial 182#29.9 182s23.8 170s11.8
| Adaxial 72¢21.2 69219.7 50s 8.9
Rerium indicum 2 AT A * .
= . Abaxial 11232h.1 104322.1 94313.8
Adaxial 70g 6.1 635 5.9 50% 4.6
Ricinus communis )
= . Maxiel 245439.6 238434.7 152412.4
Sonchus asper , - ‘ ' ,
|  Abaxinl 200429.6 193235.8 179218.7

95&13 29 ‘993 0.6 89;3 7.2

» i‘,“ Heaﬁ
¢ « Standard deviation



Table 14

Effect of Alxr Pollution on the Total Chloropbyll Comtent

(mg/gn)

_’Speeiaa _ o ) Site A Site B | : ﬁité Qv
Achyranthus aspera  3.037  3.625 3.835
Brassioca oleracea | 1776 2.024 2+429
Calotropis procera | 2ﬁgi& | | 3.21% 3.312
Chenopodium album 2,542 2.812  2.872
Cynodtﬁldaetylon i 1.7014 £.848 1.852
Lantana camnré 3.671 3979 4.507
Nerium indicum | 3;35§ 3.582 3.625
Ricinus communis | 1.692 1.842 . 1.972
Senchus asper }‘2e163 2.752 3.404

Withania somnifera 2.831 3.101 3.246




fable 15

e

S

. The Growth of Leaves in Plants Grown in the Polluted
and Control Environment

{Observations were made after 53 days,
values represent average of five plants)

leaves

Ho;‘of o ﬁhﬂb@? of 10a¥§$ k.' — |
 Nodes ’ﬁ;iichos' _Lens_ -thsaoing _Cicer " Vigna
X s 2 2 .2 2 2 1 2 2

11 2 2 g2 2 1 1 1 2 2

11X 2 ‘2«6 g 2 1 1 1 2

iv 2-4 4 1  § i 1 | - 1 2

v - 2 1 1. - & . 1 1

VI 1, - 1 1 1

Vi1 | T 1

VIiiI 1 1

Ix - 1

Sotal. , .

No,of 8-10 12-14 6-7 9 5 7 3 10 11




Table 16

Development of Leaf Area (cw?) and Leaf Biomass {gm) in
Dolichos lablap Grown in Polluted and Control Area

— et aren  Leat viomass
Nodes  Polluted Conmtrol  Polluted  Comtrol

1 39 £ 2.9 52 2 3.6 0.13030.042 0.22030.022
111 62 & 4.2 1283 9.7 0.23930.018 0.50240.103
v 113 xllt? 203216:& Gu‘iigg@oiis 013897#)--970
v 27 2 4.9 46 & 7.8 0.08620.008 0.18130.012
Total 274 316.2 486 $24.7 0.88730.160 1.95530.252

Table 17

4 Effect of Alr Pollution on the Biomass (ga)
Dolichos lablab

- Plant qrgan

Polluted

Control

Leaf
Stem
Root

~

9;?-20 - 4 0:013

0.113 2 0.016

-
1,955 & 0.252
1.132 ¢ 0,021
0.490 ¢ 0,023

Total

~ 1.710 & 0.189

3.577 3 0,296




Table 18
Development of Leaf Area (maz) and Leaf Biomass (gm) in
Phaseolus gsursus Grown in Polluted and Control Areas

No. of . Leaf ares Leaf area _  Leaf bilomass
I‘s“‘oqea,_ _Polluted _ Control Polluted  Control
1 56 43.2 75 & 4.60 0.18020.008 0.35040.012
II - 44 32,9 28 33,30 0.07820.004 0.13030.012
111 7.530.7 22 4 3.90 0.05550.003 0.09230.007
IV 4.030.35 1% 3 2.60 0.04320,003 0.07030.007
v - 8.040.90 - 10.07040.007
VI . - 3.25 0.4 - 0,01030.002

Total 61.531.01 150,2415.70 0.35630.018 0.68720.049

| Table 19 |
Effect of Alr Pollution on the Biomass (ga)
of Phaseolus auresus

Plaot organ  Polluted Control

Stem  0.315 3 0,007 0.775 £ 0,026
Root 0.080 4 0,004 0.192 & 0,098
Fruit o - 0,034 2 0.003

Total 0,751 £ 0,029 1,388 3 0,086
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Table 20

Development of Leaf Area (sg.om) and Leaf Biomass (gm) in
Lens culinaris Grown in Polluted and Control Arcas

‘No. of —_Loaf area _____ lLeaf biomass
Nodes  Polluted ~Control  Polluted = Control

1 38.03 3.6 47.0% 6.2 0.10020.006 0.14040,009
11 29,04 2,8 49.0g 4.1  0.07530.006 0,14530.011
III  25.04 2.9 62.03 4.6 0,05520.007 0.17040,009
IV 20,03 2.1 24,03 1.9 0,04530.006 0,06540.011
v 16,55 0.6 16.53 1.2  0.01530.002 0.04230,005
vi - 8.2% 1.2 . - | 0.02140,003

To‘tal 126 » 5211 v-9 : 395 w 7319 ] 2 0 .390;0.02? D 583&9 +OU8

| Table 24
Effect of Air Pollution on the Biomass (gm)
of Lens culinaris

Pl@"b organ . _‘Vrl’allnrte;d‘ N . cq,ntm;

Leat ~ 0.290 & 0,027 0.583 & 0.048
Stem . 04340 £ 0.012 0,600 ¢ 0,022
Root 04135 & 0,008 0,195 » 0,011

Total 0,765 £ 0,047  1.433 2 0,094
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Table 22

Devslopment of Leaf Area (sq.om) end Leaf Bionmass (gm) in
. Liger ariotenum Grown in Polluted and Control Areas

No. of Leaf area  ___ Leat Biomass
Nodes Polluted _ Control _ Polluted _  Control

I 21.5% 3.5 34.53 4.2 0‘1564,0}012 0,22530.017
11 16.5¢ 2.3 29.04 3.7 0.11040,012 0.20530,008
3¢ 10,02 1.3 26,53 1.6 0.,07020.007 0.17030.042

v - 15.0 1.2 = < 0.11020.012

Total 47 3 71 103 £10.7 0.31020.031 0.71040.049

Table 23

Effect of Alr Pollution on the Biomass (gn)
of Cicer arietenum

Flant organ  Foliuted  ___ Go;brol

Leaf 0.310 g 0.031 0,710 g 0,049
Stem 0,020 # 0,003 0.035 & 0,006

Root | 04060 2 0.009 0.085 g 0.006

Total 0,390 & 0,043 0,820 2 0,061




Table 24 R

Development of Leaf Area (cﬂz) and Leaf Biomass (gm)
in Yigna Sinensig Grown im Polluted And Control Areas

No, of —_Leaf area Leaf blomass
Nodes Polluted  Comtrol _ Polluted Control

b G 57 £ 3.4 55 4 4.7 0.47040.024 0.34020.051
11X 59 &£ 2.3 58 % 4.1 0.52530.019 0.35020.014
- 1IX 82 3 3.2 135 % 5.6 0.56050.019 0.780£0,032
Iv 86 3 2.9 144 3 3.9 0.59040,015 0.82040.018
v 100 2 2.7 127 b 4 5;6 0¢670$g~012 0,073030;:019
VI 97 k4 2.4 134 3 3.1 0t660_1:0¢012 09310&0.016
VIl 85 2 2.9 142 % 3.9 0.57040.018 0.81530.013
VIII 68 & 2.4 120 2 3.1 0.86040.018 0,69040.028
Ix - A2 1.9 . = - 0.25030.19%

Total 637 £22.2 957 £35.5 4.75520.127 6.58530.194

Table 25

Effect of Alr Pollution on the Biomass (gm)
of ¥igna minensis

?1 ant ‘organ ) | Po ix’nt»ea " %ntroi
Stenm 7410 + 0.212 11.780 ¢ 0.310
Root 0,525 2 6.014 0.940 3 0,047

Total 12,390 # 0.353 19,305 g 0.551




Table 26
Visual Injuries in Plants Grown for Experimental Stuﬂy
Near Iandraprastha Power Station

w
o

- Cicer arietenum: Chrosis, yellowing of leaf tip.

Dolichos lablab: Necrotic¢ pateches, intervenial tisséen
killed, rolling of margins.

Lens culinaris: Light green patches,

stages.

chloses in later

Phaseolus aureusthezlawing of leaf margin, exteanding
_ : towvards the center, necrosis. .

Vigna sinensiss Ko visual sympioms on leaf.

Table 27
Epidermal Morphology of Plants Grown for Experimental Study

Near Inﬁrapraetha Pouwer Station

“Trichome characteristic

VStonété
Ssype

%peeies
Aﬁaxiai
Cicer arietenunm ‘Abaxial
Adaxial
Dolichos lablgb Abaxial
Adaxi al
Lens culinaris Abaxial
 Adaxial
phuaeolua‘aureus Abaxial
i ‘ . AMlaxial
Vigna sinensis . ..4.1

Pilose: Thinly covered
with long soft hairs.
Pilose: Thinly covered
with long soft ahirs.
Pubescent: Short, soft
and straight hairs.

Pubescent: Shiks, soft
and straight hairs.

Pubescent: Short, soft

-and streight haris.

Pabescent: Short, soft
and straight haira.

Pnbeseenﬁ, Short, soft
and straight hgirs
Pubescent: Short, soft
and straight hairs.

Glabrescent: Smooth and
shining surface
Glabrescent: Smooth

and shining surface,

Peracytic

Paracytic

Anisocytic

Paracytic

Paracytic




Table 28

Density of Stomata in Plants Grown in

Polluted and Control Environumwents

(Numbor/tiecld view#)(E g —)#»

Polliuted

Sphcies Control
Adaxial 8 4 1.1 12 3 2.6
Cleer Arietenum Abaxial 13 3 2.2 14 2 1.6
Adaxial 8 $0.9 11 s 2.1

Dotichos lablab Abaxial 14 £ 1.7 16 g 1.9
Adm:ial 13 2 1.5 16 ¢ 2.4

Lons oulinaris Abaxial 23 3 2.6 26 3 2.7
Adaxial 10 2 3.2 14 » 3.8
| Adexial 18 3 1.8 21 3 2.6
Vigna sinensis Abaxial 27 s 3.1 29 4 3.4

# 10x X 40x
#% ¥ «~ Mean

G e« Stamdard deviation.



Tablie 29

Length of Stomatal Pere (u) in Plants Grown in
Polluted end Control Environments (X go)*

Speciea |

Polluted  Control

Cicer arietenun

Dolichos lablab

Lens culinaris
Phaseolus agureus

Vigna sinensis

Adexial
Abaxial

Adaxial
Abaxial

Adaxial
Abaxial

Adaxial
Abaxial

Adaxial

Abaxial -

7 204

-

20 o 0.7

13 & o.;i,z

7 b 4 0.7

19 2 2.1
123 356

27 4 1.4
17 2 1.2

9 3 0.05

8 3007

. 21 32;.2

13 2 1.6

*+ X « Mgan
o

« Standard deviation.



Table 30

Breadth of Stomatal Pore (u) in Plants Grown in
Polluted and Control Environments (X g o )+

Species | Polluted Control
ARaxial 1.75 £ 0.29 2,50 s 0.35
Cicer arletenum  ,p.v501 1.80 5 0.12 2.1 3 0.18
Bolichos lablab  apoxial 2.0 £ 0.18 3.2 4 0.26
Adaxial 2.4 $0.18 3.5 s 0.21
Lans culinaris . apaxgal 1.6 4 0.42 1.9 3 0.34
Phaseolus aureus Abaxial 1.4 z 9.26 2,2 P 4 QQSQ
Aduaxial 4.0 K 4 0,11 4.6 - 4 0.23
Vigna sinensis 5 v501 3.3 £ 0.19

» g
o

-

- Mean

Standard deviation



Table 31

Density of Trichomes (Number/u?) in Plants Grown in.

Polluted and Control Environments (X g )%

Pt

Species Polluted Control
Adaxial 190 g 19.7 130 s 14.7
Clcer artetenum .50l 170 ¢ 17.4° 160 3 16.2
Adexial 115 ¢ 12,1 80 & 8.4
Dolichos lablab  spoxtel 130 3 14.1 110 3 11.8
Adaxial 60 g 7.0 45 2 5.3
Lens culinﬁriﬁ " Abaxial 70; 2 7‘1 : 65 & 8.2
Adaxial 130 4 14,1 90 4 10.2
Phaseolus aureus ,p.y4a) 120 4 15,2 115 4 10.4
Adexial ﬁgx 6.0 30 - 4 506
Vigna sinensis Abaxial 35 &+ 5.8

40 &+ 5.0

Mean
Standard deviation.




Table 32

Length of Trichomes (u) in Plants Grown ia
Polluted and Control Environuents (X ¢ o )+

saeeieﬁ | 'Pallnted Control

Adaxial 130 2 17.8 130 - 4 12.3
Cicer arietenum. ,u.rial 150 & 14.2 145 4 12.8

Adexile 120 3 16.2 80 3 9.2
- Dolichos lablad  ,puyya1 100 4 11.8 95 & 7.4

Adaxial 90 £ 18,3 70 3 7.4

‘bens cullmaris  ,y.yial 90 4104 80 4 7.0

| Adexiel 110 £ 13.4 75 & 4.9
Phaseolus aurcs ,naeial 95 3 10,1 85 & 6.2
| Adaxial 45 3 6.2 40 3 4.2

Vigna sinensis  hniyial 50 4 5.5 50 g 3.2

# ® « Mean
¢ - Standard deviation



Table 55

Potal Chlorophyll Content (mg/gm) in Plants Grown
in Polluted and Control Environuents

Species | Polluted Géatrol 'B:gzggf;n
Dolichus lablab 3,304 45.283 20,9
Lens culinaris 3.615 4.732 22.7
Phaseolus aureus 2,621 3.929 = 97.8
Cicer afiecatinum 2,021 %.237 18.2

Vigna sinensis 3.121 3.512 11.2




Table 34

Plants Selected for Scamning
Electron Microscopic Study

1.
2.
3.
4
5.
6.,

7.

Brassica oleracea

Chenopodium album

| Cicer arietenum

Dolichus lablad
Lantena camara
Sonchus aspery

HWithania sonuifera




CHAPTER - IV

DISCUSSRON
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DISCUSSION

Puring the last decnde there has heeh a growing
interest in the study of the effect of air pbllutton
on plants (Mudd ond Kozlowski’, 1975; Mansfield, 1971).

Most of the_in&or&a&ion available on this subject is
from the studies made in Northern America snd Europe.
Alr pollution responses on tropical plants particulariy
under Indian conditions have not been stuﬁioé, though
problems of air pollution are increasing at an alerming
rate (Parilkth, 1977; Varshney and Garg, 1978).

Most studies on the effect of air pollution on
plants dre either confined to morphological affects or
field ohservations or are concerned with metabolic dis-
orders studied under laboratory conditions., Field
experiments for studying the effect on air pollutian
have not bean‘wiﬁely utilized. Also the impact of air

pollution on epidernmal features such as stomatal number,
size of stomstal pofe, length and density of trichomes

" have not been systematically studied.

The present study was carried out to evaluate
the effect of air pollution on plants in Delhi. Gross
worphology, including numbei of leaves per node, leaf
biomass, total plhnt bionass, total chlorophyll content
and epidermal features were studied to determine plant

respounses to air pallationa Epidermal features of



=
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seven species (Table 34) werefanalysed in'detail, with
the help of a scamning electron microscepe for evalua-

ting the effect of air pollution on leaf epldermis.

Severe leaf injury syuptoms such as necrotic
patches, death of interveinal tissaaé end yellawikg of
leaf morgins were observed in §ogghu§‘g§ggg; Aghyrenthug
aspera and Dolichus lublab, while the other plants did
not have equal amount of injuries. Thege injury symptoms
appear to be due to both particulate matter and sulphur
dioxide because Darley (1966) reported death of inter-

veinal tissue due to particulate mattar_yellution and
bleaching of leaf mérgtns and formation of ueecrotic
patches in alfalfa has been ascribed to sulphur dioxidé
“poliution by Thomas (1961).

Data in Tables (7, 8, 26 and 27) show that loaves
harigg pilose surface were wmore injured in comparison
to plants having glabrescent leaf surta@e. Plants with
glabrous leaf surface such as Cynmodon dactylon were
least effected. It appears that plonts having glabrous
leaf surfaces are relatively resistant to air pollution.
In literature, information on the relationship between
leat vesture and plant succeptibility to air pollution
is lacking., Hence, 1t has not been poaaihle'to compare
these observations. In fature, however, i& is iwmportant

to examine the relationship between nature of leaf



i

vesture and succeptibility of plants to air pollution.

The effects of air pollution on the gross morpho~
logy of plants are fairly significant (Tables 15-23).
Leat area was found to be greatly reduced in plants
grown in polluted emvironment as compared to conirol
plants, Leaf biomass and total plaent biomass were also

groatly reduced in plants grown in polluted eanvironment.

Loss of yield as a result of air_pollntion has
been & coummon experience. Considerable reduction in
the growth and yield in several crops were found to be
due to sulphur éioxiﬁe and ozone acting slone or in
mixture (Reinert, ¢t al., 1970). Reduction in the
growth of shoot and root has been recorded in Ricinus
sativus due to sulphur dioxide and ozome, oither alone
or in combination (Tingley, et al., 1971e).

Reduction in leaf areas, leaf biomass and total
plant blomass was maximun in‘gxperimental plants having
pilose and pubescent leaf surfaces uhile Yigna sinensis,
which has glabrescent leaf surface was least affected.
Again, information on the relationship between leaf
vesture and its relation to the impsct of air p&llutien
in terms of ieat aréa, leaf biomass or total plant biow
mass 1s completely lacking, Leaf vestures appear to
play an important role in determining plants succepta~
bility to air pollution. Rcological significance and



consistancy of such kelataonship need to be exomined

in future gtudies,

The present study has shown that chlorophyll
‘content in plants grown in the polluted énvironm;ht

was imuch less in comparison to plants from non-pollu-
ted areas (Tables 14, 33). Roo and Le Blane (1966)

were the first to report decrease in chlorophyll content
in Lichen alge due to sulphur dioxide pollution.
Malhotra (1977) has also reported appreciable decrease
in chlorophyll content in Pinus countrta due to agueous
sulphur dioxide poilutiana ‘The likely expalnation for
.chloronhyllv;eduetiaa in plants exposed to sulfux dio-
xide is the degradation of the photosynthetically active
chlorophyll into photosynthetically inactive brownish
pignent called phaecophytin, It results from the dis~-
placeuent of the magnesium ion from the eeﬁier 0f pore
phyrin ring of the ch&oreyhyll_ablecule by hydrogen ion
(Rao and Le Blanc, 1966). It may be observed that the
reduction in the amount of chlorophyll is related to

the reduction in leaf area, leaf biomass and total plant
biomass (Tables 1424 and 32).

Salisbury (1927) after a detailed study on
stomatal behaviour, has suggested that numerical varia-

tion in stomata could bYe of great importance in
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ecological atudles, Stomatel rospomses towards environe
mental stress such as humidity (Salisbury, 1927; Aykin,
195%; Schurmenn, 1959), light intensity (Pagzourek, 1970)
and altitudingl variation {Sharme, 1975) have been shown
to be quite substantial. Recently, Sharma and Butler
(1973, 1974, 1975) have shown that the effect of air
poliution on epidermal features are quite significant.
In the present study the effects of air pollution on the
number of stomata, size of stomatel pore, density apd

length of trichomes have been examined,

The number of stomata on the adaxial leaf surface
was less in the polluted aree as compared to the plants
of non-~polluted sites. ﬁighfpereentage re&uétion in the
number of the stomata on edaxial leaf surface was obser
ved in plants having mostly pilose and pubaaamt type of
surface pattern (Sonchus asper, Brassica oleracea)(Tables
8 and 9), where as significantly low values were observed
for glabrous and glabrescent surface nature (Cynodon
dactylon, Calotropis grﬁee;g)a In experimental study
maximum reduction in the number of stomata waé observed
in pilose leaf of Cicer arietenum and minimum in glabre-
scent leaf of Vigna sinensis (Tables 27 and 28).

These observations are in agreenent with the

studles of Sharme and Butler (1973, 1974, 1975) who have
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observed appreciable reduction in the number of stomata
in Trifolium répens, Trifolium pratense and Acer saccharum
grown in an environusent, polluted with sulphur dioxide,
particulate matter and oxides of carbon (Table 2). Con-
trary to this in Calotropis procera, growing im an area
having particulate matter and sulphur dioxide as major
pollutants, an increase in the number of stomata has been
recorded by Yunus and Ahmed (1979). 1In addition, few
studies have beea conducted on the effect of gasecous
pollutants on stomatal behaviour. Scmé ozone sensitive
fobauoo varieties were found to have higher stoumatal
fwequency (Dean, 19?2; MeKee, 1973). In gther study
related to the effect of sulphur dioxide no relation

was found between the number of stomata per unit leaf
area and relative sticcoptibility of plents (Zimmermann
and Hitchocock, 1956). -

The ecological eiguftieancelef reﬁneticn or in-
crease in stomatal freguency in rasyonsﬁ to air pollution
cannot be apecified as thore is a lack of consistency
between numerical variation in stomata and succeptibility
of plants to air ybilutiona Future ﬁnrk on the effect
of air poliution on the stomatal frequency aight be able
to clarify the situation,
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Leaf vesture and reduction in number of stomata,
vhowevew, appear to have some relationship. Leaves with
piiose véstare were found to show substantiaivraduetion.
Further work on these lines will evaluate the validity
on'tne'rbiationahia between laéi‘vestute and variation

ihjstomatal7number'due to air pollution.

In polluted.. environment the length of stomatal
pore on the adaxidl lecaf surface was found to be reduced
mms 8, 10, 27 and 29). Plants like Sonchus asper,
Brgpsiog gleraces end Ciger arietenum having pilose and
pubeneent.lenx‘éeatqre'showed maximun reduction. On the
other hand, length of stomatal pore in plants such as
Cypodon dactylon, Calotropis procors and Vigna ginonsls
having glabrous and glabrescent leaf surface did not
change much. Eléctrnn microscopic study also support
the reduction in size of stomatal pore 1n,planta.tx05v‘

polluted areas (Figs. 3-6 and 11-16).

The air pallati@n'was also found to have consi-
deradble effects on the breadth of stomatal pore. The
breadth of stomatal pore was reduced aére in plants
‘with pubescent and pilose leaf vesture as compared to
-those planté having glabrous and glabrescent loaf surfaces
(Table 8 and 11). However, it 1sg interesting to note
that breadth of stomatal pore im pubescent leaf of
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Dolichus lgblab end Phaseolus aureus and Achyranthug
gspera showed maximum reduction while Somchus asper

ann Cicer arictenun having pilose leat veature exhibited
moderate reduction (Tables 27 and 30).

It may be observed that leaves with pilose leaf
vesture exhibited higher reduction in the length aund
pubesent leaf in breadth of stomatal pore as compared

to glabrous and glabres .t leaf sarfaces.

. Specific information on the effect of air pollu-
tion on the length ond the breadth of stomatal pore is
all together lacking, however, Sharma and Butler (1973,
1974, 1975) have reported little variation in the stoma-
tal size range in\tggxolium‘gggg§§,'fgiiglium pratense
and Acer saccharum growing in polluted areas. The
anuwmiMwmuwsM%tmtm%MWMdmn%
promotes stomatal opening as reported by Majernik and
Mansfield (1970) in Yieia faba plant treated by sulphur
di oxide.

Like stomata, trichomes also show considerable
responsgse towards air pollution., Increase in the density
end length of trichomes were observed in the plants of

polluted areas.
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Adaxial leaf surface having pilose vesture im

Sonchus asper aend Cicer arietenum shoved approciable

increase in the‘aensity of trichomes. Changes in leaves

having,glabrvscém surface in plants like lLicinus communis
and Yigna sinesis were not significant (Tables 8, 12, 27

and 31). | |

Considerable increase in tha'length ;éi;rieuonea
waa observed on adoxial leaf surfaces in onehus asper
and asper gg;gggggv;ggggg having pilose and pnbesamt‘leaf
vesture respectively, whereas glabrescent leaf vesture at
adaxial surfoce in Uhenopodium album and Vigna sinensis
were not prominant (Tables 8, 13, 27 and 32).

Studies done so far on the effect of éir pollution
on trichome characteristics also support the above obser-
vations. Increase in the density eand the length of
trichomes were reported in Irifolium repens, Irifolium
pratense and Acer saccharum growing in areas polluted by
sulphur dioxide, partieulate matter and carbon monoxide.
(Sharma and Butler, 1973, 1974, 1975), Similarly bigher
trichome density iu Calofropis proceéra has been reportéd
in plants polluted with particulate matter and sulphur
dioxide (Yunus and Aumed, 1979). | ’ | |

Increase in density and length of trichomes also

appear to have some relationship with leaf vbstgre since



pil&ae and pubescent leaf were generally found to show

greater increase in the length and density of trichomes.

Further studies on these aspects are required to
draw reliable conclusions and to elucidate the mechanism

of action of the air‘yellufiou on leaf trichomes.

The abaxial leaf surface appears to be relatively
resistant to air pollution as compared to aﬂéxialileax
surface., Though the number of stomata also decrease
slightly on the abaxial surface, they do not reduce more
than 20 per cent (Tables 9 and 28). Similarly, the size
of stosatal pore remalns waré or less unusffected, on
abaxial leax.sartaeg except calgtroéis - °;?“? Achyranthus
aspera, Dolichus 1lablab and Phascolus gureus where decrease
in either length or breadth of stomatal pore was around
30-36 per cent (Tabies 10, 11, 29 and 30). As expected,
length of trichome end their density were not as maeéﬁ
affected as on adaxial leaf surface (Tables 12, 13, 31
and 32). | | |

Very few studies have gttempted to show the effect
of air pollution separately on the two 1941 sﬁrzacea. q
Beduction in the number of stomata was ténné to be more
at the adaxial leaf surface in{gg;gggggglgggggg and
Trifolium pratense (Sharma and Butler, 1973, 1974)., They

have also reported taat stomatal sige range at abaxial
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and adaxial surfaces remains more or less the same, No
study has been done to compare the response of trichomes

to atr pollution on the two leaf surfaces.,

One of the likelyvexplanation for comparatively
resistant nature of abaxial leaf surface, as obserxrved in
present stgdy cdul&'be.that the abaxial egrtaee is not
equally exposed to air pollution when compared to adaxial
leat surface. a

stomatal'rééuetion in the plants of pelluted area
appears to have some adaptive sigaitaaanﬁet Sharma and
Butler (1974) have siromgly argued that reduction in the
number of stomata hglp the plant in reducing the diffu-
sion of gasoous pollutants into the leaf. It secms that
reduction in number of atematalcoéld be due to interfere~
noe of pollutants in the normal developiment of stonmata

at a fairly early stage of their fornation.

Sharna and Butler (1974) have elso suggested that
chenges in the length of trichome and their density has
adaptive significance for plants as it helps to reduce
the temperature of leaf surface as well as they may also
protect the leaf surface and stomata from particulate
matter, The long and denser trichomes may also have
opposite effects since long and dense trichomes would

trap particulate matter more effectively. It scems that
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with time the deposition of particulate matter will
increase and it may thereby increase the leaf tempera-
ture (Efler, 1977), with its obvious effects on bio-

chemical reactions in the leaf.

The studics made so far on the effect of air
poliution on leaf epidermis indicate that'the epidermaﬁ‘
features are very sensitive fo air pollution. It'appenrs
likely that adaxial leaf surface having long dense tri- |
chomes are more responsive as compaired to glabrous
leaves, Epidermis on adaxial leaf surface may serve as
a bioindicator for monitoring air polliution, The meed for
a relaiable bioindicator of air pollution cannot be over-
ewphasized for an coffective environmentanl monitoring.

Alr monitoring using e siuple and inexpensive bioindica«~
tor is of great practicel help for lmproving and conser-
ving'air quality. _Concapt of biowonitoring of the
environment with the help of an indicator organisus

is receiving considerable attention (Puckett et al.,
19713 Rao, 1977). Recently introduced concept of

"Mussel Watch®, i.e., utilization of bivalves as sentinel
organisms for iuﬂieatiﬁg polliution by heavy metals,
artificial nucleides, petroleun components and haloge=-
nated hydrocarbons in the coastal areas of the marine

environment is now gaining much importance (Goldberg



et al., 1978), Similarly, leaf epidermis could be
deveioped as a comvinent systen for monitoring air
pollution. For this purpose systematic work on a widé
variety of plants is needed for selecting and standardi-
zing appropriate plants for their leaf eytdeimia.
Studies on the effect of individual air pallutﬁnts

on the leaf epidarmis and detalled anélyais of the
epidermal surface using scanning electron microscope

will be of great practical value,



CHAPTER « V

SUMMARY



SUMMARY

Steadily increasing problems of air pollution

fhare promoted the studies related to the effect of alr
polintants, viz., sulphur dioxide, particulate matter,
carbon monoxide und hydrocarbons on plants, animals

and materials, Plants seem to be more vulmerable to

air pollution than animals, Position and structure of
loaves have made then to suffer most due %o alr pollue
tiants. Leaf epidermis, deing the outermost layer to
come in continuous contact with air pollutants is likely
to bave more severe effects. ELcophysiologicnl studies
have shown that leaf epidermis is semsitive to humidity
(Salisbury, 1927; Aykin, 1959), light intensity
{(Pazourek, 1970) and altitudinal varietion (Sharma, 1975).
Most of these studies have been done on plants under
témperate regionsg- Comparable information on the effe-
cts of air pollution on tropical plants is fLraguantory or
lacking.,

The present study was designed to examine the
effeot of alr poilﬁtxan caused by Indkaprgstna Thermal
Powor Station (New Delhi) on leaf epidermis. For this
purpose, foilauing ten plants viz., Achyranthug asperas
Brassica oleracea, Calotropis procera, Chenopodium
.9.3:.‘!92: Cynodon dpotylon, Lantann cemara, Nerium indicum
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Bicinus communis, Somchus asper and ¥ithenia sommifera,
common to three Sites A, B and €, representing decrsa-
sing levels of air pollution, were selected. Obsorva-

- tions rogarding visual injury symp&ema,.nuﬁber'oz stomata,
size of stomatal pore, length and density of trichomes
and caléropnyll content were wmade for ylénts grown |

both in the poiluted and non-polluted environment,

The effects of sir pollution was clearly vieible
in plants growing near pollution source as their leaves
exhibited typical visual imjury symptoms such as
neerotic patches, ¢hlorosis and death of intervenial
tissues. Alr pollution seems to reducn‘the.nnmber ot
stomata in plants. Length and breadth of stomatal
pcre-wére‘nlso found to be sufficiently less in plants
from polluted area, The density and length of trichomes

were found to bé‘higher in plants trom.the polliuted

envirénment;
An oxperimental study was designed to confirm
the above results., Five plauts, vig., Cicer arietenunm,

Dolichos lablab, Phaseolus aureus, Lens gg;;ggggg and
Vigna sinensis were grown in polluted and non«pollue

ted@ areas to observe the changeé in gross morphology
(number of leaves per node, leaf area, leaf biomass and

total plant bliomass), eplderwal features (oumber of



stonata, size of stomatal pore, trichome length and
their density) and chlorophyll content.

The effect of aix pollution on experimental
plants was found to be more or less sanme qe'obaer#ed

during the field study.

Host of the plaents from polluted areas have
exhibited that the adaxial leaf surface is more succe~
ptable than the abaxial leaf surface, An ppparent
relationship was found between leaf vesture and
chenges &n ép&aermal faaturgs, as pilose leaf vesture
show considerable chonges in number of stomata, length
and breadth of stomatal pore, trichome length and
density, under thﬁ.inxluenué of air pollution,

 The results of the present studf reveal that
ﬁiléziﬁgzbt sutxéee;ie extremely sénsztive to air
pollution and it has thé potential for boing deve~
loped as avsuttébie bioindicator for monitoring air

:pollntianﬁ _



REFERENCES



REFERENCES. o

~ Arndt, U, (1970). Kamentrationsanderungen bei treian
aminossuren in Ptianzen unter dem einfluss von

I;gorwasserstoft und schwfefedioxd, Staud 30,
2560,

Ballantype, D. (1973). Sulphite inhibition of ATP

fornation in plants mitochanﬁrim Phytochemistry
12, 1207,

Bnilay. J.L.: and aaie; R.D. (1959) Studies on the
| relation of salfite with proteins. J, Biol,
Qgﬁc __&9 1733,

Bell, J.N.B. and Clough, W.S. (1973). Depression of
yeild in ryegrass exposed to SO,, Nature (London)
281, 43. : |

Brandt, C.S. and Heck, W.W. (1968). Effect of air
poliution on wegetation. In Afr Pollution

Bd. by ACo Stern), vol, 1’ P 30%. Academic
Press, N.Y.

Burstorm, H. (1961.)¢ Bevelopment of stonata on subuerged
leaves. 1, Fsyai 4 £ I, Lui

Forhandling ,@g

Eller, B.M. (1977). HRoad dust induced increase of loaf
temperature. Em, Folls 13{(3) 99-107

Gesalman, C.M. and Davis, D.D, {(1978). Ozone suscepti-
fiity of Ten Aslea Cultivars as related to
stomatal !requene or conductance. dJ. Amer. Soc,
Hort, Sei, 10 s B89-491., _ .

Godzik, S. and Sassen, M.M.A. (1978). A scanning electron
microscope examination of Aesculus hippocastanum L,
leaves from control and alr-polluted areas. Env.
Poll., 17, 13-18.

Gomherg E.D. ot al. (1978)._ The mussel watch, Environ-
Bental Conservation ~5(2), 104125 g

Ehush, G.S5. and Stebbins, G.L. (1959). Vaeriatiom in the
organization of theynard. cells complex in the leaf
ggigermislax the mgnseetytadans and u; ;maring off

eir phyloge aper presented at I nt, Bot,
Coung,, )iaz;treng Candda.



83

Krause, ( .R. (1976)@ Surface characteristics of American
Bla clones for identification sconuing electron

microscopy. Hort., Science 11(4), 386.388,

Majernik, O. and Mansfield, T.A. (197:%. ‘Effects of SO,
polluttan on stomatal movewents in Vicia faba
Phytopatn, Z. 7, 123-218.

Malhotra, 8.1(19??)i1 Effcet of aq?eoga sulphur dioxide
on chlorophyll destruction in Pinug goanggggg
New Phytologist. 78(4), 101, ~

Hﬂnﬂerg HaAag B@dgea,' G.B, and ”@Kﬁe # C.G, {1973).
Bffoct of air pollution on Maryland {type 32).

tobaccoo. Journal Envireonmental Q ality
253~258. _ o &

‘Mohan Ram, H.Y. and Nayyar, V.L. {1977). A leat clearing
technique with a wide renge of applications. Proc.

Indian Acads Sei. 87B(5), 125-127.

Mudd, J.B., Kozlawski, T.T.(Bds.)(2975). ,ggggonﬁes of
Plants to Air Pollution, Academic Press,

Padaanabhamurthy, B, and Gupta wmd R.N, (1977). Particu-
late jlollution ln Delh) due to Indraprastha Power

Station. Inﬁ«. gs &_o‘ ﬂgd S w ga(:)

Parikh, K.J, (1977). Euvironmental problems of India
and their possible trends in future. Environmens
tal Conservations 4(3), 189-198,

Pazourek, J. (1970). The offect of light intensity on
stomatal Irequeney in leaves of Irig ﬁgllindieg

Bopt, Plant, 42, 208-215,

Rao, D.M. and Leblanc, P. (1966). Effeots of sulphur
' dioxide on the lichen alga with specicl reforen~
ce to chlorophyll., Bryologist, 69, 69-75.

Saligdbury, B.d. (1928). On the causes and edological
sigulficance of stomatal zngquency with special
reference to the woodland flora. Phil, Trans.
Boy. Soc, Lendon 216, 1-65. | o

.neinert, ReAs, Heagle, A.S., Miller, J,R, and Greekeler,
WoR. (4970)s Field studies of sir pollution
mjury to vegetation in €inicinanti, Ohio. Plant
gg; 544 8-11.



84

' Schurmann, B, (1959). uber den einfluss der hydralur
: und dos linntes auf die ausbildung der stomata
Initislen Floxra 47, 471-520.

Sharma, G.X. (1972)., Envircnmental modification of leaf
epldermis and morphological features in Yerhona
ganedensis S.Host. Nat. 17, 221-218.

Sharma, G.K. (1975). Leaf surface sffocts of environmental

poliution on sugar waple (Acer saecharum) in
Montreal. Can, J. Bot. 53, 2712-2314.

Sharma, G.K. (1975). Altitudingl variation of the leaf
epidermis in the taxononmy of the Coumbretaceae III,
The gznna Combretum in Amwerice. Brittionia 21,
130-243. ' o '

Sharma, G.K, and Butler, J. (1973). Ledf cuticular varia-

tiens in Iri riiam‘gfggggtbs.as indicators of
environuental pollution. Eaviron, Poliut., 35,

287~ 29}3 .

. Sharma, G.K. apd Butler, J. (1974). Environmential
pollutions Leaf cuticular patterns in Trifolium
pratense L. Ann, Bot,, 1087-90., |

Showman, R.E, (1972). Residual effects of SO, on the net
photosynthoesis ond rospiratory rates oﬁ lichen
thalll and cultine lichen symbionts., Bryologist
A3+ 335, _ . . .

Stace, C.A. (1969). The significance of the leaf epilder-
mis in the taxonomy of the comdretaceae 111, The
Condbretum in Americae. Brittonia 21, 130-143.

Thomas, M.D., (1961). ERffects of Air pollution on Plants.
World Heaith-ﬁrggnization, Genova, Monograph No.

. 46, 233-278.

Tingrey, D.T., Heck, W.W,, Reinert, n.A, {1971). Effect of
logiconcentration of gzgge and guiphur dioxide on
foliage, growth and yield of radish. J, Aumer. Soc.
ggrh Scis 3_6” 369-371, )

Varshney, C.K. and Garg, J.K., (1978). A guantitative
: assossument of sulphur dioxide emission from fossil
fuels in Indla. J, Alr, Pollut, Comt, Assoc. 28(I1),l41-4

Wellburn, A.R., Majermk, O. and Wellburm, F.A.M. (1972).
Stomatal responses to SO,. Nature (Lond.) 239, 458.



v .
G

Yunus, M. and Ahmed, K.J. (1979). Use of epidermal
traits of plants in polilution monitoring.
 Reprinted from the Proceedings of National Seminar
on Environmental Pollution end its Control « &

Status Review, Sessum V, ﬁauanai Produetivity
Council, Bombay.

Ziegler, X. (i972). The effect of § 3 on the activity
of ribulose = 1, 5 tﬁphcspaata earboxylase in
isolated spinach ohloreplasts. Pl gnta 103, 155.

ziegler, 1. (1973). Effect of sulphite on phosphoenol
pyruvale carboxylase and malate formation im
extracts of Zea mays. Phytochemigtry 42, 1027.

‘Zismermann, P.¥. apd Hitchook, A.E. (1956). Sucoceptabi-
co . lity of plantg to hydroflioric¢ acid and sulphur

. fioxide gases. Contrid. Bovce, ngmgggg nst.
AQ, 263»-279.» _



	TH4140001
	TH4140002
	TH4140003
	TH4140004
	TH4140005
	TH4140006
	TH4140007
	TH4140008
	TH4140009
	TH4140010
	TH4140011
	TH4140012
	TH4140013
	TH4140014
	TH4140015
	TH4140016
	TH4140017
	TH4140018
	TH4140019
	TH4140020
	TH4140021
	TH4140022
	TH4140023
	TH4140024
	TH4140025
	TH4140026
	TH4140027
	TH4140028
	TH4140029
	TH4140030
	TH4140031
	TH4140032
	TH4140033
	TH4140034
	TH4140035
	TH4140036
	TH4140037
	TH4140038
	TH4140039
	TH4140040
	TH4140041
	TH4140042
	TH4140043
	TH4140044
	TH4140045
	TH4140046
	TH4140047
	TH4140048
	TH4140049
	TH4140050
	TH4140051
	TH4140052
	TH4140053
	TH4140054
	TH4140055
	TH4140056
	TH4140057
	TH4140058
	TH4140059
	TH4140060
	TH4140061
	TH4140062
	TH4140063
	TH4140064
	TH4140065
	TH4140066
	TH4140067
	TH4140068
	TH4140069
	TH4140070
	TH4140071
	TH4140072
	TH4140073
	TH4140074
	TH4140075
	TH4140076
	TH4140077
	TH4140078
	TH4140079
	TH4140080
	TH4140081
	TH4140082
	TH4140083
	TH4140084
	TH4140085
	TH4140086
	TH4140087
	TH4140088
	TH4140089
	TH4140090
	TH4140091
	TH4140092
	TH4140093
	TH4140094
	TH4140095
	TH4140096
	TH4140097
	TH4140098
	TH4140099
	TH4140100
	TH4140101
	TH4140102
	TH4140103
	TH4140104
	TH4140105

