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Growth ot tbe:rmal_ power generatloa ·aD4 rap14 

expansloD ot tnttustrles aad traasport systems bave 

created severe probleJDs of air pollution both 1a the 

4evel.oped and the cJeYeloplag ooutrieth Atr polluttoa 

adve.rely affects .-egetat1on, materials. structures, 

ant11als and buman heal tb. During the last. two decades 

there baa been a lot of interest ta tbe atu.4y ot biolo· 

gtoal responses to otr pollutaata sucb as particulate 

matter, o:d4ea of carbo.a, oxides o1 sulpbar, oddes ot 

nl troaen aa4 pbotochemtcal oxidauts • A rapid survey 

ot tJie e:ftects of at.- pollutants Oil tile living syste• 

shows tbat green plants are relatively &aOre·Yulnerable 

to air pollation. A eompar.,ttve account ot- plODt ancl 

aal•al .-espoa&e$ towards tbe varying conoen,rat1ons ot 

maJor a1r pollataats are gtvea in table l• Air pollu­

tion inJury to plants represented by aeorotle patches 

oa leaves. escesdve 1ea1 tall, st~Jnt•d growth occurs 

at oomparati vely lower eoncentratl ons o.t air polluta~at.a 

as oompare4 to tbelr effect on animal•• Ooacentrat1oa 

of air pollutants at which plants are reported to 41e 

are aot tatal to animals and 11erely cause eye 1 rrl ta­

~ton an4 soae lmpatrment of respiratory process ln 

anl~~ale. 
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table 1 

A Comparlstoa ol Plants and AD!aals Responses 
Tow~s MaJor Air Pollutant• 

Pollatant 

salpbtu•
1 dioxide 

Photo-obem1cal 
oxide•' 

Data tromt 

B~teote OD 
ut.U.• 

llo 'f1. sl lale 
ettecte 

Clllorosts ot leavee; Diftioulty 
presence ot large m&JJil;er ta breatld:q 
ot aecrotlc patobea; respiratory 
leaf tall la send tive probleM 
plaDts. 
Syne .. r1eatt.· o reactlobS 
111 tb "' and. N02J 
adverse ettect on 
photosynthesis aD4 . 
llower1rag; arowtb aid 
oYer~ll d•Yelopmoat 
stunted. · 
Death ot .plants 

1500.2000 Visible leat damage 
. in sens1 tive pla.tlts 

25·00-4000 Large DWiber ot aecrotlo 
patolles; reduced photo­
syntbesls 

60-Bo &e4uQtioa tn chlorophyll 
2oo-aso Ser:t.ous damage to leaves 

ef.tect oa tlowerlag 
'oo-600 sertous inJury to 

plaat• 
1000 .Al110st death ot plants 

Increased 
respiratory 
diseases 

locreaae4 
1ua diseases 
5o etteot 

PolyoytbelliaJ 
epitbeltal 
cllaage,s ln rat 
and moake7 
Ho ettect .,. .. 
irritation 
aesptratory 

prvble• 
l•palred 
tatuston 
capacity 

t. Air Qualt ty Crt teria tor Su-lpbur O:ddee, lfatloual A.tr 
Jollatlon Coatrol AQinistratton, Department ot Health 
Edaeatton au4 Welt:are. AP-so. 801 N. llan4olpb Street., 
Arlington \Urt;itd.o, February • 1969 · 

1. Air Quality Criteria tor Nitrogen Oxides, National Air 
Pollution Coatrol Administration, Department o.:t Heal til 
Bdacat1o,n orad Welfare, AP-8'1, Waslliagtoa, D.c., .Jan.t97t. 

:s. Air Quality Criteria for Pbotoobemical Oxidants, Rational 
.Alr Pollution Coatrol Admlnl&tratiou, Department ot 
Bealtb, Bduoatton and ·welfarth A.P-63, Washington, D.c •• 
Karch, 1970. 
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lD1oraatlora on ettects ot air pcillatants oa 

plants have crowD cons.tderably o9'er the years. Plants 

r•sponses to ail" pollutants are bro641y divided into 

tbl'ee oategor1est (a) Btochelld.cali Btt«tct oa eDzymes 

(Baily aad Cole, 1959; Zleale.r, 1972), ar.atno acid 

(Arndt, 1970), AfP (Ballantyne, .197'), aembraue pormea-

'b11.1 ty (Wellbarn .Q1 Al·•, 1972) t (b) Physiology: Bttect 

on rato of respiration (Showman., 1972), 002 11xat1oa 

. (Ziegler, 19721 1973) 8D4 loss ot chlorophyll (Rao and 

Le Bla.ne, 1966) and (c) Gross morphology: Growtb rate 
.,g 

(Bleasdale, 1972; Bell and Clough, 1973), Cbloropt• 

aDd necrosis (Tbo•as, 1961; Brandt and Beck, 1968) aa4 

eplderaa.l features .(Sllarma and Butler, 197,, 197-'t, 1975). 

Stw:t1e8 conducted at the phys:lo1og1oa1 and tbe 

blocbemlqal le.-els are mostly ba.s(td oa the e~teot ot a 

slagle pollatant or a oombiDat1o.n ot two pollutants at 

tke 110st, ullder laboratory condi tioos. Tllus. ln nature 

where complex lateractloQi1are taking place •oag a wide 

array ot clr pollutants, 1t 1s not possible to Gtake ase 

. ot the data trom tlle laboratory experiments reported tn 

11 terature to interpret 'tbe lmpaot of ait:" pollution 

under field conditions. Field studies au.t.o•atiotllly 

represent an tntegratecl impact of all the pollutants 

present in the atmosphere. Bpi dermal ieatures, like 
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eize _,.. trequeacy ot eptd.ermal cella 1 awmata, l41o• 

blast and tricbolles, aenag other morpbologteel poram•ters 

lla'\'o been shown to bav• consld.erable seasi tlvt.ty, towal"d'*' 

air pollutaDt s tbas, leal eplde.rad.s coul4 be he.lptul In 

iadtcatiag tbe impact of air po111it1oa. tbie 'f'iew point 

drives its sapport fro• two mala coas14eratlons. ••ely, 

(l) position and (it) seasltirtty of ep14ormla towards 

environmental f.actors. 

(1) Position: Ep14erllils is the outer'•st layer ot 

tlle leaf, therefore, 1t oo~~es 111 intimate contact wltb 

air pollutants conttaeously. 

(11) Sens1tlv1ty ot epidel'ld.s towarelS envtroueDtal 

factors: Salisbury (1927) ou the. basis of his eateustve 

work suggested tbat stomatal .frequency cnn be ot great 

s1gnlt1cance ta understanding enVironmental condl tloas. 

According to J;liQ• stomatal ;trequeucy augments w1'*h iDOre­

ase in the osmotic aad suctloa pressu.-es which could only 

mean a uegatlve eoZTelatt.on with hum.141ty. Leaves ·Ot 

1•!1!!1 21epder uormnlly baYe sanken stomata, however, 

Aykln ( 1952) has sllown raised sto•ata in these l$aves by 

allowing tbem to develop .in an atmosphere saturated wltb 

water vapour. Schu.rmann (1959) observed tbat a.y 1ll0reas-

1q tbe water content ot a plant du.ri.q leat formation, 

tbe ratio ·Of tile stomata to epldenaal ~ells ls eabaDCed 
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but gets reduced w1 th tbe re4uc'&1oa 111 tbe water coateot • 

. Bra strom ( 1961) •llowed tbe leave a to develop under water 

fro• tbe bud .stage. The stoaata were tn1 tiated 1» the 

usual patt•rn bat subsequently 41tterenticted lato stn• 

ct•res having close resemblance w1th bydathodea. 

PaeOill"ek ( 1970) showed a close rela tlonebi p ltetweel 

stoaatal frequenct ud light ta~enst ty., ln tlle case of 

~ps bollanttlst stomata developed on both $~e lea1 surta­

oee under 111gb 11gbt inteu1 ty, in constrast to plants 

grown aader low ligbt 1Dtene1 ty bad rathex- lov sto~~atal 

't:requeoo7 oa the abaxial leaf .surface. When plaats were 

transferred from lll.gb to low llgbt intensity, '$hey showed 

a progressive decrease in the tomatton ot stollata. It 

was concluded tbat tDi tiatton of stomata is attecte4 by 

the environmental ~D4ttions prevailill& at that ttme, 

rather than tbose experience(!. pronously~ Sba.rm• ( 1972) 

studied the effect ot eptder.mal .teatar•s in case o.t 

Verbena 9.!!!!ftna1.s subJected to tour cU.ttereut envtroumeat 

havt ng var1-d temperature, buGdt ty and ligllt re&i~DCUh 

The stomatal frequency, epidemal cell treqlteuey 1 stomatal 

index and trichome ~ensl. ty were tound to be atfeote4 by 

the environmental variation a. In contrast subsidiary cell 

complex and trichome type remain unattected • Sb.arma ( 19751. 

also reported alti tudlDal 'f'at'iattoa 111 ·leaf epidermis of 
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ga1Ulab1,a J@!lYfh Pla.Dts growlug at low eleYa,tons bact 

lligller stomatal treqt.leuoy and auaeroua loq trtohoaea 

as compared to pla11ts at bigb eleY.ations. 

Do.rlog the past tew years, there ha'tt'e been some 

studies pertalDiug to tbe etteots of air pollution ora 

tbe epidermal features of leaf surfaces (Table a). 

Shar.a aD4 Butlel" (1973) uowe4 decrease tn 

stoaatal trequ~noy ·and ii.ICreaee tn the 4e.as1 ty and leqth 

of trichoaes tn tile populutioa ot to&ol11.! repey arow-. 

ing ill polluted area. they bave also reported tbat the 

••1tteel1ular type of tr1Cholie were generally aore abun­

dant than the uuicellular type in polluted a.reas. Tlley 

turtber observe4 similar changes in case ot Ntlt:ti!!! 
~eratO!U!I• AS!E §AAOb&f!lJ! grown under polluted environ­

ment aJlSO showed similar changes in thfleaf .epidermis 

(Sbarma, .:1.975) • Recently Go4ztk end Sa&selt (1978) 

eonduc'ted electrol'l m1croscoplc study ._ 4etermtne the 

changes in the fpidermal features ot .Atftpules Jd.ppg­

!!§tllllll! grown under polluted. emrironment. The epidermal 

cells ot tbe a4ax1ol leaf surtaoe without damage tn the 

form of rtsi ble spots were differently shaped, ha4 fewer 

tolds and a smooth cell sur.tace compared witb control 

level.. On abaxial surface, nor~l folds llad disappeared 

but the surface was not smootlt. Stomata 414 ut llave a 



normal appearence 1Ju.t duat on or raear stomata was aot 

ooiiSIIOn. It was e-..gge$te4 ·that alternation ln tile mo.-... 

pbology ot folds aloq with tbe ebangea t• tile q.ltra­

etncture ot the oater wall of the epidermis may coDtri• 

bute to tbe loss ot elasticity .of leaves (God•lk and 

Sassen, 1978). 

ksalmaD a.n4 Dane (1978) ta their study oa ozone 

susocptlbJ.llty of Aaalea eu1t1"f'.aJ"s (Rodo4eudi'OD sp.) 

pointed oat that aet tber rate ot ga.s ••cbaage nor atosae.-

. tal frequency was co.-t"elated wt th decree ot vlsi ble 

.iaJaey induced by ozone. fbey were ~.xpose4 to 0.30 

.t o.os PP• ozoae (S90 s 100 ua/-'~· tor 8 boars at varlou 

tillea 4uriq the summer. A comparative study ot tbe 

culticular and epidermal features ol Cslo!mets necirl 

(Aac.lep1adaceae) collected from healthy Bl1d polluted 

envtr.oRmeots (obief pollutaDte • carbon pel'tlcula:tes 

sulphur dioxtde, oarboa aono:Jt14• all4 other ost4aats) 

done by Yunus and Ahaad ( 1979) roYealed that the tre­

quency of eptderf!UI.l oells, stomata aDd tr1cbomes wna 

conspicuously b1gber (2, .2 aad S times reepect1vely) 

ta plants srowiag 1D pollated areas as co•pared to 

beultby popQlatlons.. lo contrast to tbe skiDatal .size. 

type of stomata• sto~~atal in4eX and subsidiary oell 

oo•plea: remu1ne4 ul\4\ftectecl by air pollatlon. 
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Biabty tlve leat samples of Jl1c&aul Sl!!!!d• 

encompassing llve fOPUlatton; tour collected troa healtk,r 
' aad oae trom polluted environment were exaad.De4• sto~aatal 

tnqueac;y per ,.e 81'14 percentage of abi.rmal sto•t• 

(single guar4 cell or both the guard cell. al:tarted} oa 

both the upper ·&lld lo•er eplder.mls showed a •arked iPCre­

ase ia plants growtag ia polluted areas. one or two Jter 

cent ot stomata oa lower eptderai..s sbowe4 a slight decre­

ase 111 stze• A correlation ot ldtoblast trequeDcy and 

pollution was also observed (Yunus .aDCI Ahmed, 1919). 

Foliar spec1mea of §l!r.&1uara cue.t!l& collected trom tbe 

a~ea polluted by. cement dust showed hSgber stomatal aad 

epidermal cell frequeDCy as compared to the populatioas 

ot: beal tby are us. The epidermal features of leaves ot 

ten popula"tton.e ot £slidigll asaJava growlJig ul.l(ier dltterent 

environmental ooatl1t1ons.(po11uted ud healtby) have 

been studied. L. &lfLiatl populations collected :trom 

polluted env1ron111ent (Chark cement ;f.aotory co~t~poun4) 

silowed b:lgb sto~tatal and trichome density and short 

ep:l4erQal cells and trlchomes as compared to bealthy 

populations (Yuma.e an4 Ahmed, 1979). 

The above stu41es have $hOwD the :lmportaace ot 

epidermal featt&res in enviroDmeatal st:wlleth They also 

entbtte appreciable response to air pollutants. fbe 

quick rcspona1Ye nature of tbe epidermal teatttres otter 
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an attractive .opportunity for employ1ug leaf epidermis 

as a reliable blo1a4lcator .tor ,enviroumeJltal i10n1 iortug. 

· Leaf epldermi s oould. proVide a ani table aubsti tate tor 

expensive an4 sophlst.tcated instruments ae•rally 

. recol8lDen4ed ~or environmeDtal monl tori»&• Staudarctiaa­

tlon and development of epidermis as bloindicator vou14 

be necessary betore e.~tployiq tbem ia air pollutiou. 

•oaitorlng. For tJde purpose, a systamattc st.u4y of 

the ettect .of atr :pollutants oa tbe epidermis ot a wide 

range ot plaat speotes 112ay p.-ontte a reliable basis tt.• 

evaluat1ag their potential as a b1o1a41cator ot air 

pollution. 

Tbe present stwty was tU'l4ertakea to examine 

critically the effects o:t air poU.utt·oa on tbe eptder• 

mal features ot local plants species. This lnvesttga"'" 

t.loa consists of two parts., tile ti rst deals w1 th the 

field study concerned with tbe coaparlston of tbe 

ep14erma.l toaturea ot plants arowir&~ la areas baYlD& 

different levels ot air pollution. The second part 

relutes to the experii.ileatal study deelgraed, to collflra 

field obserYations by grovlus plaats both tn polluted 

an4 no:a-polluted environments. 



llelaUoDSblp ••tween A'tmosgherio Pollu"t:loa and Bpldermal Features 

si. Nmae o~ plant f,ype ot pollatioD Epidermal tea.tares PoUt1kcl Control aeie-
Bo •. HJlCe 

I --

~ 
. 1 

i. a &x,&ir . . It . . ? - :z fil!ollum 
:t· . 7· 

' at0iti1e· .. SGiii'tal~ frequ.eDCy repens 
oaone. parU- lJpper g6.8.;tt0.) 1S3.1t.tt• .1 Sbar•a 
calate ~tatter, Lower 37.2.:t 7.8 ''·'.:t 9.6 and 
carbon monoxide, Stomatal size range Butler 
other ox14aats Upper 7-17 .10 - S5 i97l 

Lover 15-25 !7 -- 25 
iTlcboaze denslty /f:rrl.· 

Upper V* •· 60 u• • as 
Lower H* = t23 •• = 60 

Trichome len,gt.b 95 82 
I. i'ritollam pratense Sulphur CU.o.xtde stomatal ;treqaonc:Sr 

particulate, Upper 
ilt ·".:t '·'* 25.9.:t 6,.0 Sbarma 

•atter, carbon .Lower "'·'.:t 2.5 59-3£ '·' alii 
•110ztcte, otller Stomatal size range Butler ostdants Bp.por 9-SS 8-10 ·1971! Lower.,! 8-1, 8-t6 

Trichome densi tr I c 
Lowe.r 220 80· 

l'rJ.cbome length ,,, 28, 

'· frttoltum pratence Particulate stomatal t'requency 
~~atter, sulphur Upper 1).9-t, '·• 2S.9.;t 610 ·do-
dioxide• Carbon Lower ''·l.:t 1.9 S9.:S.& 9.s· 
moaoside, otber Stomatal stze range 
oxidants Upper s-ss 8-10 

Lower 8-16 8•16 
b'tellou density/oa2 

Lower 196 80 ~-
'Trichome le»gth :S96 28, ~ 

I 

(Coatd ......... 
I 



tallle 2 (CoateS ••.• -· sl. · 
Name of plaDt Bo. Type ot· pollution Epidermal features 

s. 

'· 

, I .. 
frtfollum pratence Sulphur dio~de 

particulate 
~~attar., carbo• 
IIOD.OXide._ 
otber ondant s 

Aoar saccbai'Um Hip CODC.,ntra­
Uon ot polla­
taats due to 
:ln4astrias, oil. 
re:fineries, alld 
automobiles. 

Aoer saccllaru• Less pollutants 
clue to Jet 
airport and 
automobile a 

Acer saccharum Very less 
pollutants due 
'k automobiles 
.oaly 

•. 

., 

Sto~~atal frequency 
Upper 
Lover 

Stomatal sizo range 
Upper 
Lover 

Trichome density/cm2 
Lower 

fricboae leagth 

Stomatal fnq{!,;} 
Trichome densl tiL om2 
t'richome lenath ~) 
Subsidiary cella 

St.o~~atal trequenoy 
(x,&(1J 2 

lr1 cboiJie 4eD.sl tfy"/ em · 
Trichome length a(:a) 
SUbsidiary cells 
Stomatal treqae~ 

(x.t,QJ . 
friebome deusi•)(Jcm2 
Trichome leugth u.(x) 
Sabsldl.ar,y eella 

Polluted 

.s-s6 
s-t5 

t7S 
S66 

6 •.. )~. 1.2 
8780 

110 
S.-6 

18.1!.& 2.7 
0 
0 

5-6 

''·'.i: 3.7 
0 
0 ,_, 

Control 

8-10 
8-16 .. 
28, 

.I 

so.'f "·'· 
0 

s-6 

SO.lf. %.9 

0 
!i-6 

so.,.a "·9 
0 
0 ,_, 

a~ e­
. ret!. 

·do-

Sharma, 
1975 

-do-

- do ·-

(eoatd ••••••.•. 



'fable a (Cont4 ••.••• 

:!: Name o~ plant Type of polluttoa Bpldenal teat~es- ,- .... -.. Polluted 

8. Aesculaa Pollu~aute troa 
tuppeeatanu• cake plaut 

9. Azalea 
oalttvars 

10·- Calotropis 
pro cera 

1 :t. Biciuus 
oommuats 

12. 8yzyg1UII 
cua:ln:ll 

· 13· PslcJlua 
guajava 

Ozone 

Carbon: partlca­
il;ate so2 , c~ 
and o~er 
oxidants 

Polluted 
e.DVi ro.nmeat 

Cbt et pollutant 
cement dust 
Chief pollutant 
ceJDOat dust 

Sbape of a to• ta 
Normal folds oa 

lower surf ace 
ftiok epidermal wall 
Stolltat 1'requency 
Rate of gas exchange 
through stomatal pore 
Bllidermal oell frequency 
stomatal frequency 
Tricbomo :t:requenoy 
Stomatal size 
Type o~ stomata 
Stomata Index 

· Subsidiary cell coaples 

Stomatal-~:requ.enc7/mm2 
Pereeat ot abnormal 

stomata 
Size ot stomata oo 
lower op14ermis 

Sto~tal ZrequeQcy 
Rpidermal cell .frequency 
s.toma.tal freqaency 
fricho• density 
Size of epidermal cells 

Abnormal 

Absent 
Decreased. 
Bo cbange 

Twice 
Twice 
P:lve times 
No change 
No cbange 
No cllange 
No change 

IDCrea.sed 

Inereased 
One or twe 
percent 
decrease 
lacreaaed 
Increaa-.d 
Increased 
lJlCrea.sed 
J)ecreased 

Control 

!lontal 

Present 
Normal 
Normal 

!lor mal 
Normal 
lformal 
Normal 
Normal 
Normal 
Normal 
Normal 

Normal 
Normal 

Normal 
Nonaal 
Normal 
Noralal 
lfoJ'IDal 

I •FI$L;JB*~ 

Reference 

GochJik and 
Sasse a,. 
1978. 

GasalmaDd 
and Davis. 
1978. 
runs aD4 
Abmed• 
1979. 

- do -

• 4o -

• de -



CHAPTER - II 

HATBRlALS AJm HETRO.D$ 
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JIA.fllll ALS AID MlfliODS 

Area ot Stu4y 

Delbt ls oae o:t tbe 110at polla.te4 ctty o~ lndf. a 

(Par1kll1 1917),. Delhi bas been reported to have llalli• 
' 

•m concontt>attoa ot sulphur 4lox1 de, llydrogen sulpbtde 

aDd partleul.ate matter as compared t:o otbei" urban cen­

ters ta ID41e (Parlkb, 1977) • 'The eontrlbutlD& factors 

are thermal power stntious, b.tgh der.as1ty ot motor \"ebt ... 

clee and growing tndustrlal complesee ln and arouuil 

Delhi. lndraprastba Power Station ls a eeJor eovce or 
alr pollatloa 1a Delhi an4 bas reoe1Yed considerable 

publicity ia press. Three areas in the neighbourhood 

ot tbe Power Statton were sel•cted :lor .stdyiog tile 

effect: ot air polluttoa on the morphology ot leat ept .. 

dermis. 

Site ot study 

A. . Source ot Air Pollution: IDdra,prastba tfhenaal 

Power Statton is s1 tuated ln the be art .o.f the metropo• 

11 taD cl ty ot Delllt at a distance ot about 'oo-soo 
•eters troa the Vest bank ot the rtver Yamuna. 18 the 

tlorth ... Vest aa4 tbe Southern elde of l<be power station 

lie the thickly populated residential complexes proml• 

nant ott1cea aDd slloppin; centres. 

The Indraprastha Power Station was comru1as1one4 

la 196,. the power geaeration •Y tble Power Station 
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'Vartea fro.• 100•150 MW depen41D& upo:n a vorl ety ot 

factors, tbe maximum capacity ls 2M HW. Approximately 

) 1 400 tonnes of coal ·is burnt everYf;ay. Three stacks 

are operattag at present. tho tlyasb em1ssioJl of 

Stack I ts al120st double as ooapare4 witb Stai:k 11 aa4 

Stack ·til (Table 8) • MaJor pollutants ~eleased troll 

tbe Power .Station are flyash, oxides of sulphur, aDd 

carbon dtoxtde (·fable l). It is evident from ·the table 

tbat barm1'ul pollu.tants such as fly ash awl sulpllur 

d1ox14e are emt tted by the Power station in enol"'liiua 

quanti ties-. 

Consullptton ot Coal (ill tonnea) and Rate of 
£mission ot Fly asb (x 107 u gll/aec) troa 

the lndrapras'Ula Power St-ation 

Stack Mo. Amount of eoal burat/4ay 

#100 

1500 

1.500 

lad.sslon rate 

17.65 

lS.a7 
)5.27 

Data tro•: Personal oommwaicatton with the Indraprastba 
ftermal Power Station 1Ulthor1 ties • 

• 



15 

fABLI 4 

!iature an4 Quantity ot Hal.n Atr Pollutants 

llelease4 hom tbe IDd.raprastba ,Power Statloa 

!lame of poll.atant 

Fly ash 

soe ( 99 per cent) l 
SOJ (01 per cent) S 
co 2 

Total QIIOilDt 
(in metric t~nnes) 

Ul 

•Aeco.rdtrag to •:tDdlttD Journal ot Air Pollution Control• 
Oiewa and Vtews coltuaA ·(aDDoyiDue)., 4aDUaJ71 1978), tbe 
amount ol tly asb eld ttect tmm the Itldrapraatlla Power 
Station is aboot 81 tonae/dq but .lbdraprastba Power 
Statton authorl ties aave a figure ot ,.0 toans/4a)' (per­
sonal oommu.ntoation) • tbese estillates are baaed on · 
calculation. wbicb takes lnto cons14eratioa tbe masimllll 
ettlclency ot the t~.tecbantoal an4 the el•ctrostatlo pr.,. 
oipt tators tas'talled ta the Power Statto.D (persoaal 
ooiiiU11lld.o•Uoo). But, 1D vtev of the fact that these 
mecbnnlcal aDd theelectrostatic prec1p1 tators aeldo• 
work; accordingly 1 t seems :reasoua111o that fly asb relea­
sed from the Power Station is· atucb 'DIOre thea 'O tonas/4ay. 
Tbe ·daily tly · aab ellissloll aay well be arouJUI il· tonne 
as reported tu tlle ID11an d~urnal of Ur Pollution. Ply 
e.all contains about 5CW' SiO,e1_ !"- AlaOJ•. 7• Pe20, all4 
trace aJDOuats of NgO• so,. ••tO, lta01 P6GJ etc. 

A vlde Yartety of plebts ar• touad ia tbe vtcinlty 

of the Power Station, which ar«t continuously exposect to 

air pollutant·&• file vegetat.ton. ~.tear ·the Power Statton 

provides a good opportulty to ·study the ettect ot a:tr 

pollutants Dllder ttelct coll41ttons. · 
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B. Site Characterlsttos: Aoeordlag to i'admaaabb.a-

' •artily and Gupta (1977), the zolle of ld.gb. 4epos1 ttoa/ 

concentration ts located betwee~a o.a to t..6 km from 
. -lr 
tbePower Statlora. Tbis zone oc111C1tes. betweea the 

Bast anct tbe soutb-£as' darillg the gr~ate.- part of tbe 

;ear exoept in the ualllsoon months. -Zone$ tor JDOd$rate 

concentratioa lie tn the West. fbree ditterent s1 tes 

(via •• Site At Site 8 aDd Site C) ~ere selected tor 

detailed study repTesent1ng progressively decreasing 

levels of air pollution (Fig.· ,; i)) •. 

Site A, located at about one b:m trom tbe Power 

Station ln tbe East-South•East (ISB} direction ls the 

zoae of htHl'YY atr pollution. stte B1 located at tile 

••• distance ta tbe West represents the zone ot 1p0d._ 

rate level o.t a1r pollution. Slte c. locatoct at aboa't 
6·7 km ~rom tile Power Statio.n tn the East.-South•East 

(BSB) 41recttott represents. low level oi pollution .. 

Ploristlo survey ot tbe vegetation &rowi.:ng tn the vtci• 

nt t)' of the Power Stattoa was uDder taken at tbree site$ 

by traversiD& tbe · area twice ia two dtreotlona. Plants 

tba t were growlog at S1 te A., st te B e.tllt Sl te 0 are gi vea 

ln fable s. Ten plants species coll&uon to tbr•e sites 

were s•lected (fable 6) t for stuctytn& cJu.wacul 111 epider­

mal teaturea 1n response to different levels ot air 

pollut1ou• 



Pig. 1~1 : 

N 

·. 
' . 

· ,~Kalkaji. 

5 

' Location ot three. Sites A• B.ard C ln f'J.eld. Study. 

Sl'te AI Zolle of beav pollution,. at about 1 a. 
iA the .8SB. 41rectton. 

Site B:· Zone ot modea-ate poll~ationt at about 
1 a. lll the ·uestern direction. 

Site C: Zone of lov pollution, at about 6-7 b. 
tn tbe SB d.irecUon. 



See411D&s tor exper.tiHiital studiee were raised 

in eartbernware pots tilled wltb equal quantities of 

loaa soil. PtYe plaats Dtuaely PJlic&p'fJ! Jrs!!ltJh &eas 

s.ul~nart,s, DageolU§ weas, C&ge.r ;~r1etaaum and !11¥1 

snea!&s we.re selected tor study • Baoll species vat 

grown ,.,. 16 potf;. and five seeds were planted in eacb 

pot. Btgllt pots of eaob. spec:J.e• (in all 40 pots). •tter. 

seven days tollowt.ng germination, were transported from 

the Javabarlal llebru O'Jd.verstty nrseq, 't~ a diataaoe 

cpproslmately S00-600 m&ters to t~ Sou.$b of the ladra­

prastbQ Power Station (Pig. t•if) (zoae of max11D111D air 

pollation la tbe months ot April all4 Kq oo11lates 

betvcten SSE to sw 41reotlon accordlug to Padaaonabha­

marthy aa4 Gupta• 1917). file eecond set !laVing eqtaal 

.number of pots were malntet ned at the dawabarlal Bellru 

Vnlvers1 ty, The plaats a'l both the locatlous were 

carefully watered· wi tb equal amount of water every day. 

Observation& were 111848 atter 5l clays, trom the time tbe 

pots were transported to tbe lndrapraetba ·Power Station 

wi til respect to graaa ltOrphology, growtll1 blo..aas all4 

epidermal teatu.ree, ill the two sets ot plants grown in 

polluted aJld, JlOn-pollated enflron.meats. 



Deln~ Unive si~y 

... shahdra 

r 

l_----~~--~~~~----~--~~E I-~· an Agri cu.ltura-1 ·bonnaugh"t :; :. 
Res rch· Institute '~place.·.-:. 

Patpargan;j 
• 

·Kalkaji 

s 

l'tg. 1.11: •· .8opreaents lo~atton of plants in aperlaeutal stu:d7. 

(Plaats were kept .at aboat SOo-600 llleters ta the 
Soatllera direcitoa, vbich ts zone 0~ lligbcoJaeen­
traUon ot pollutant• ta Apr11-Kq). 
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Gross Morpbology 

Buaber ot D04es aD4 DUIIlber ot leaves per noae 

w..-e recorded tor eacb species. Leaf area per node was 

calcolatect using grapb peper. LfJaV"es were closely 

eaamtae4 tor cbloros1s, necrosis or any otber foliar 

lDJury syapto.IB&. 

Biomass 

Leaves tor 'both polluted and non-polluted plants 
', 

were plucked from every node tor each plant.. :Ther were 

dried in an electric. oven at eo•c tor ~~ bours. Blectri~ 

ed bala.ace was used for wetgt.alng alld tour se\s of 

observations were taken for calculatlag average valaes. 

Similarly biomass of stem, root aDC.l tru.l. t wus taken tor 

botb polluted and noa-pollu.ted. pla~~ts. 

Doloropbfll 8stiauat1on 

flte total chlorophyll tor botb pollated. and 110...,. 

polluted plants vas estimated according to tbe metbo4 

given by Strain .1! .11• (t966) • or&e gr.am ot leaf tissue 

was grta4ed ln a mortar and pestle w1 th a small quantity 

ot acid washed sand in 80 per cent acetone,. T.he optical 

density ot the filtered. ex,tx·act wus measured e,t GltS nm 

:tor obloropbyll GJ1t1 at 663 mn tor cbloropbyll b, the 

to tal amoU.Dt of olllorophyll was calculate1i accordiug to 

the :tollowt~~g formula. 



total asout ot c·blorophyll 

- o · 20.2 (DOI.S) + 8.02 {D063) X · sod6V X v 

wbere, D6teS - OD at 61fS · Dm 

1663 - on at 663 a 

V - fotal volume of extract 

W - Weight ot leal tissue taken. 

Preparation ot Bp1dermal Peels 

19 

Leaves tor preparing epidermal peels were colle­

cted 111 the morniq ond brought to the laboratory. They 

were thoi"oughly washed with 41sttlled water u.s1ng a sott 

camel hair brush. Epidermal peels of B[i!f.!!CQ f!lerA!!Jtb 

Cb~D!podlu~ plbum, PAlotroeis arocera, 2%!!9!10!! Sa!tX,l<t•· 

Blcinu.s colllllunts, !1 tbgnit poiDDi.fera. Vi&!! atngnsi§ 'aDd 

Lens cull nan s were remo-ved manually, tor both abd1a1 

anct adaxial surfaces. In !'o.se ot Acbwntb.o!! A!R~Eit 

~gntgna QAUt!rlt §!E!lP! as.ee~;, RgliobU§ !Ab\ftl!t 01Ce£ 

artetg.muu, J!ha§ulug Mtf!O!t mallttal peeliug ot epidermis 

vas tound to be extreaely dlt:tlcu.lt. To overcome tbis 

dltticul ty epidermal preparatio.ns were made tollovloa 

the technique doscri.bec.t by Mobnn Ram and Nayyar (1971J) • 

fhe leal: pieces were boiled 1n 2 .ml. o:t S to 10 per cent 

aqueous cupl"ic sulphate (Cuso4 .5B20) solution, tor 1 to 

to a lllinutes. lt :fac111a:tes the seperatlon ot. epid.er.mal 

layers. Ia 111. ot concentrated b.ydroob.lor'c aold was 
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added to tile cupric aulpllate ·solutiora aDd tlle material 

was .again boiled %or 1 to 2 miau.tes. fhls trea'tilJent 

. dtssol'ves out the unwanted ttssu.es between the upper 

and tbe lower ep1ctcrmts. .Atter the separat~.o ot the 

epidermal layers tbe eattre contents were poQrecJ into 

a petridisb, alld the t1ut4 wae decanted. Epidermal 

frqmeaats were .sep.-ated out .alld were washed 4 - S 

times wt th water to remove a4her1»& debris. Temporary 

slides of epidermal peels were prepared ustas 20 per 

cent glycerine. 

Light M1eroscop1c Stu~ 

the epidermal preparations were e:c•tned ander 

the light microscope (10 X s \0 X).. .Number ot stomata 

per tteld 'View were counted. Similarly trichome& were 

also enumerated and tlleir .density was determined. The 

size ot etomatol pore and trichome leagtb wen meaaurect 

us1Dg occulu micrometer wbicb was cal1'berate4 with tbe 

belp ot a stage micrometer. At random stx dittereat 

ad.croscopic ttelds were examined to ctetermine the avera• 

ge density ot stomata and trichomes. 

scanning Blectron Htcrosoeplc stu.~y 

A. saa.ple preparation: Collected leaves were wasllect 

with double distilled water using soft camel hair brush 

Attor wlptq the leaves wlth tissue paper, ~ey were 



··········II!··· ....... 1!110······ ................ 
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Lear sample_was kept with 
adaxial surface upwud 

A notch was made at 
the right hand side. 

Another notch was made 
at the lower side keeping 
l~at in the same position. 
(Adaxial surface. upward) 

Pig. 2 .: · A simple process for di:tferenciat.ing the 
adaxial led· surface from abaxial, since 

· 1 t is necessary for scanning electroa 
, id.croscop1c study.(Leaf sample with notche.s 
in the lower right hand side will represent 
the. adaxial surface). 
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place4 witll tbe1.r adaxial sartace upward and leaf saaples 

ot 2 ma square vere obtained. Two notches at tbe lover 

rtgb\ band side were aa4e as shown in tbe Ptg. 2. Thus. 

trt'angular caps on tile lower right band side were llelptul 

in_ 1dezat1fytng tbe adaxial leal surface d:uri.rag .subsequent 

processing. 

B. Ptzatto1u Leaf sample~ were tixed ~a :S per cent 

glutalalctebytle (ta _phospb.ate ·'btllter pll 7 .2) post .tlxecl in 

one per cent osmium tetraox1de (ln phosphate batter pB 7.iJ 
Debydra.ted iD )5, 50, 85, 95, 99 per ceDt ethDOl (three 

chances, ttve mimates each) placed ln a..,l acetate (15 

llin) • They were Jlept 011 apecimeu holde_r vi til qu1ckf1Xt 

followed by coating approximately 200 1 thick layer of 

silver b7 vacuu.na evaporation method Wlder vacuum ot to•5 

torr. Tile peepartt.tions were scaaned using a 8aabr1dge 

Stereosc8.1Ul Model SIJ-to electron microscope. scall111og 

electron micrographs_ ot s1:omata Em4 trlohomes were taken 

tor both abaxial aa4 adaxial leaf surfaces. 

ltut.s 
lilf·71: Sl'l· 'f.J 

41e1 

~ 
\\-\- U\\..\ 
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OBSBRVATIOHS 

Pteld Study 

Slte A, B oDCJ C represent decreasing levels of 

air pollat1on (Pig. i(li)), Tbe wmber of species 

recor·decl at Slte A1 B and c were 191 t6 awl 16 respe­

ottvelr (Table 5). Ten species, namely Mhz:r!!qth!:'! 

l§.ft8l"ftt ~rat§lOQ a.lgtaOGf!f CM.otrgp1& ero<t,!£!h 2!!snoegcJ1qa 

album, Pt:nottoq 4tc:Q:loJh licm.tane 'Wb• (ert.am &.ndloy, 

llclJ!tl! QO'n!!!!H,St §opgbu! .t.BP!l' aDd lf&~!laM& .i211D1,era;, 

ooiDitiOD '$0 tbe three sttes were selected tor a compara­

tive study ot tbelr epidermal tea$aree (fable 6) •. In 

1enera1, plants of Sl te A·, amt I we.re stuD ted as ooapare4 

to the plants ot Site c. Plants -.t Site A and 8 a.ad 

visual pol1ut1oa injury aymptoms (T41ble 7)• file leaves 

ot §Rnobuft a&R4l£ aru\ 81o1as gommunta vere crWBple4 and 

DGC.rotio wt tb earolled .aarg1Dth In AOilll"@DtbgJJ fl8Qtrl 

and Bra§!!lfe al•~"!!!A et tber leaYes tips or leaf aargtne . 
were yellow. Qz:no4~U! ~aq~l~Oif ao4 Jier1ag &p41oum appear 

coaparattvely resistant as they were free troll any vtsual 

11ljurie.s. 

Bpidermnl Cbaractertstlcs 

Plants at Sf.te C we..-e regarded as control because 

this site was comparatively free fi'Om air pollution. 

Morphology of stomata and trtebome ot Site C plants was 

studied tor compaJ>iog tbe effect of air pollution ot leaf 



epidend.s ot st·to A aad B plants. 

· fbe muaber ot stomata on the ado:d.al leaf surfaces 

varied from S4 la Q..,tqt[tflft IJQ cera to 14 1a C.z:noclQ.! 

daotzleD (Table-9). On tbe adaxial leat sur.face, tile 

stomata w•re less (11•43 per cent) aQ colllpared to tbe 

abmd al led sarta.oe. 

On 'the basts or 'Pie arraagement of subsidiary 

cells sis types of stomata, vtz., anoDJO~yti.c, anisocyttc, 

dtacyttc, paracytt~ cyclocytic and tetraoyttc bave been 

described ln literature. The stomatal pattern ot the 

selected plant te recorded in Table (8). 

Aebyrm.ttt-..f! Ul!lb• Cqe,qpeo@.as DJ:bwn, §gngbut 

fl.SJ!tr. aDd !itbapl;a eopitera have anomocytic type of 

stomata. Paracytio type of stomata are touad in 

RAlotroets erocsu:a, Jtr&um 1Qg1cu.m anct ltic&gus qoaamunittt 

Tbe stomata ln Qxpgdon dsctzloM and Lftnta~a Pte~ra are 

cU.aoytlc type, while tn §rat§&co olert!!l are aD1socytic 

type. 

Tbct abaxial l~at sarface 1.,_ §onglltas I!Per was 

villose while tile adulal surface was pilose lu nature 

(Table 8). The leaves ot 4cbyrentb!§ .f!SR!rf!t !ras§i,ce 

oleracea alld LA!! tpna 29!!!¥1 were pilose on tile labaX1al 

surrace aDd pubescent on the adaxial stu·taco. Botb the 

leaf surfaces ln ~1thabig temnltera and abaxial leat 
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sU"faoe ot Berl!JIIf lncU,cwa ai'J4 Cbeao4po4lp1ft t~l!!!l were 

pubescent. Leaf surfaces of Calttnel.s R~'!!!EI aDcl 

J!c~D'!f! co~~mUnte, adaxial surface in Nsdu indlpp.a, 

and Cheno,eodium Alb! alld a1»u1al leat sortace of SlfJOdQ.!! 

4gtrlof! were •labre·aoent.ln aature. Adaxial leaf 

surface and ln Cz;podon dii!Eltn was &labrous. Stomatal 

auller vaa tound to decrease troia Sl to C to A (fable 9) • 

Tbe stomatal reduction oa botb led surfaces iD Site A 

plants was 0•11 per cent more as compared to Site B 

pla11ts. fh~ act.ual redaction varied from species to 

species. Maxima• stomatal reduction was observed 1n 

the adaXial lent sort ace oz §9ncbgg as.eer (36 per cent) 

followed by p,rasf1Ca glerggea (21 per cent), &tetMa 

ca~~art (20 per oe~), R1o1nus ee•!l!!i§ (19 per ceot), 

Acbzrgntbu.t &•e•r• ( 18 per cent) • Chego.eod&em fl!u• 

(15 per cent), Jifttha!lg, fOlllDite:rg (10 per cent) aD4 

Calotr:tR1§ eroctrl ( 7 per oen·t) at Slte lh 

lbe abaxial leaf surface seems to be relatively 

resistant "to air pollu.t:loil in oompuriston to a4axta1 

leaf surface {Table 9). Stomatal .aumber was re4ueed 

in the followtag sequence: Bras~tce gleraoeo (18 per 

cent) • Sqgcb"s ltm~J: (15 per cent) • J..s.tana QS!MI"~ 

( tl per cent). 
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A slgnttlcan.t variatlou io the size ot stomatal 

pore was observed. The length ot stomatal pore ln Site 

4 pluats was 0•1) per cent mo*'e as coanpared to Sl te 8 

plants. The len&th ol the stomatal pore on tbe a4os1al 

leat surface tn .!2D~h!!s f&&Re~ wae 38 per ceut less tollo· 

wed by D[g&sl·CU~ !,ler;g,oea (30 per cent), $ltlotroe1s ,erogert 

(28 por oent), 9h!~ao41am a!!q.st (26 per cent), Witbflll1a 

amm,sra (24 per cent), ~~~aus ,PO .... Dl~ (16 per cent). 

ln ~~~'API Sl!!~~'!h MbZ.J)aD.tf!\1.! Qt,eer;g. t1Dd tJJe reduction 

was about 10 per cent ( Ta.ble 10) • 

' 
Reeluotton tn the length of stomatal pore at 

abastal leaf surface was observed 1a tbe following v . 
4equence I Stlo~rous aroeets ( 36 per oeat), f=benoapdium 

.tlJJqe (27 per cent), Latgng s,amu:o (23 per cent) 

· Braeslea Stltraoeg (22 per cent); 't1l1JM1a amg11ere 

,< 21 per cent), Rlciqu! cowmqni§. (20 per cent) 1 ,§oqclnlg 

aseet (te per cent) .and Achzrtetbys .11eeu (6 per cent) 

(fable lO). 

The breadth of stomatal pore was slgnlticantly 

reduced OJ\ the ada:dal lea" sur:tacos :ttl Site A plaats 

(Table 11). l'orty per cent redac'l1on vas observ,ed ill 

jchz;r§Dthul I!I!D al'ld 8,!"1§81 CO 2M~"!C~g. tollowea by 

kBSHI lfl!f!i: (l8 per cent) .• 9,hft.~sn&~&PI·,album (as per 

cent) and @J:g1oug ,goe!f!!n1,§ (20 pe.r cent). 111 AaloS£!pia 



prooet!h ats.tes commant«J a.-1 11 tb§!l!.t !oea&:tera only 

o .. t4 per cent .re4ucttoa wee obs•r¥'ed. tbe breadth of 

stomatal pore on the abaxial leaf surface seems tQ be 

ltas ai:tectect as compared to the a44&1al leaf surfac• 

(J.t4 per cent). There wae no s:f.galflcaat change ta 

the breadth of stomatal pore oa either leaf .surfaces 

to the plants of Site A and a., Ill gr~doe tasUlon, 

there was practtoally DO vcrtatlon ta the stoaatal 

cbaraoterist1cs ai Slte A aad B. 

file lengt'b ot trichome& and thetr· 4ens1ty on 

tlla adaxial leaf surface wen foun4 to be attect•4• 

Trlohomes ln most ot the pl4tlts ~t Site A were denser 

(o-a·per cent) as co~Dpared to Site a·plaats. except 

tt,tg;tnas ctmlDilDis, Ia general tr.tcbomes tn StM!ml 

IJU!!!: were most senstt.ive (table 12). Tbe denatty of 

trtcllomes in !2eebys 111•£ was 50 per ceat :blgber at 

Site A. The trichome density 1ao:reasect tn W&ttuuate 

I!Y!Isn:,th NtE&t!!! .i,!!(IJegm and Agbtret!!DS aaeer at 

Site A by 35, SO and 27 per ceat respectively. Ill 

Calgtro.e&s proctra• 2hPR920@Y ~&bum, Drg.s!iU 

gleraoJt!h LantMa seHa and I!CiDu@ 9J!Ilpale iDCreasett 

trichome the density ot trtchomes was upto 25 per cent 

~aort at Sl te A. 



" 
did not vary &11lCb ami ta no case 1t was tnOre tban. 22 

per oeat ia comparison to Slte c plants. Trichome 

deusi ty 1n Site· A plants was 0•10 pe.r cent btgbel" than 

· Site B plants except galotropla u.a.carfh 

Ha¥iaua tnore(lse (61 per oeat) 1D tbe trichome 

lengtb was observed 011 the ad~txial leat surface ira 

Sonehul 1!88£ at Site A. The l~ngth of trtobomes Ill 

».eri:U@ ind!ogm, ~&cillft.l co~(llllllii,t Jfl!!HiSf Qi!!lf!£1 

and galotropis arocsra at Sl te A increased by 44, tao. 
'' and :SO 1•er cent respectively. In Lestant 21waraa. 

Aehzran'J;l'Ull I!P!~"IJ Jrassica glsrac,,~ aud CbJnaeodl tua 

albam at Site A the taoreaae in the tr.tobome lent&th 

vas below t.6 per cent. 1'lle data ta Table snows that 

tt•ichome lepgt.b at tbe abaxial leal surfac• 1ooreased 

marginally (below 19 per coat). f.be trieho~~e lengtb 

1DO:reases GlOre (0~14 per oent) in leaath on t.be adaxial 

leaf surface in Slte A plents aa compared to Site B 

plants (fable 1)). 

Cbloro phyll Content 

Pluta at Site A aDd. B •.ttrted 111 their chlorophyll 

ooutent,. Site A. plants ha4 comparatively le.ss chloro­

phyll. Data on C.bloropbyll coa.teot are .eQ.JlUnertzed 111 

Table 14. Cbloropbyll redaction 't'ar1e4 trom 32·3 per ceat 

tn !9nob~~ AfJR!r to 7.2 per oetit lo l!s&:lwa &,nm.qg. 
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soaantaa *leotron Nlorosoopic study 

Figs .• ' all4 If .represeat scanned morographs ot 

adaxial led' star:face ot Brasstca ~~~£40!! groulag a·t 

Slte C and A .respeetively. fbe size ot the stomatal 

pore ta plant growing ,at St te A is small (Ftg. IJ) in 

comparlsoa with the ,plaats at Slte C (Fig., S). Ia the 

later case, tile boundary of stomatal pore te co11peri• 

ttvely smooth (P1g. '). The t~ubstdlary cell comples 

1 n plants of Sl te A show numerous tolds •blob are llbeent 

iD Site 8 plants. 

ftgs. 5 and 6 &bolt soarwed mtoroc.rapbs ot stomata 

ot Jfl!haD1f! goJMll:f£1 leaves :from Slte C and A respeotl• 

vely. '!be size ot the· stomatal pore is small 1D St te A 

plu.ts (.Pig. 6) to comparis•n w1tb Site C plaot.s (Pig. 5) • 

Ja the later case• the stomata appeara· to be 1n a groove 

with compari ttvely sanootb pore bouDdary. Bugged surface 

ot subsidiary cells la S1te A plants (1?1!• 6) te more 

proldnaat. 

Plg. 7 GJl4 8 repres.ent the scanned mtcrograplls 

ot 'trlcbo•es d a4ax1al lear sutace 1n !cMJ.sl!A P.Uf!h 

trom S1 te c and Sl te A. trtcllomes i.u Slte A pleats, ere 

much .loqer (Pig. 8} la colilparisoa wt ih plants ot $1 te 

C and at the same time trlobomes at ·the tormer Site were 

broketh 



Pig. Sc Scamied electron alcrogtaph of adadal leal 
eu.rface ot P.tusl,sa el•t&tll g.-old... at 
control slte. l~2..l.ao) 

Pil• tu Scanned electron ra1crosra:ph ot adaxial leaf 
surtace of J!r.B!S,iftt ftleratea growing at 
polluted at te. l.,. 2. 2.oo) 





Fi • 6a 

Scanned lectron lli cro ra b of doz1 1 leat 

surfac of 1 thanla soard.tere aro 1n& at 
oontrol ei te. ( Y. 2-1oo) 

Scanned 1 ad 1 al le a1 

urt o of ..-.-...-.....:~;::;;;;;;o;;.- .-;;.;;;;;;:;;;;;;;.;;;;;,;;;;: ...... vrow1. at 
pollut d ait 





'1 ' 
4:.~1 

Pi • 7s 

Pig. • • 

annecl electron 1oro r ph ot daxial 1 at 
urtace of L tan oaaara growl at control 

ai te • ( '~- s-1,) 

Sc ned electron i cro 
surface of Lant ana c 
aU (x 52) 

rapba of ad 1 1 leat 

row1 t ollut d 





C') , , 

J (.J 

Fi • 91 

lg. 101 

SeaD d electron ld.cro r pb ot daxial leat 
aart ce of Soncbua a per growing at eontrol -- -------
•' te. ('t- 1_ 2. e) 

Scano d el otron 
surt ce of §oncbu! 
s1 te • ( x 2. 1 2) 

crogr b of ad 1 1 leaf 

!SR![ &rowl at pol ute4 
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Ptg. 9 arul 10 show the .scanned mtorographs of 

Jp, .. }lus Hl!fl" led sttrfece from Site C -d A respectl• 

vely. A slguit1cant increase ':tn the alae of tbe tricbomes 

ia plant growlpg at Site A Is qad.te promlaant. 

laperiaental study 

SX:penments were d:est.gne4 to co•pare tbe efteo'ta 

o:f atr pollution observed 1.- the tteld observations. 

Two sets ot plants uere grown tn identical soil tor 53·· 
• days tollovitlg germiDaUon at pollute.d and uon.pollutcM 

81 tes. · At tbe oonelllslon ot the experiment, tbe gross 

morphology ot t,. plants taclud1ag natnber ot leav.ea at . 
each •te ( fabie t') leal area aDli led biomass {fables 

s.s, 17; 19, 21 .8114 23) and total plant biomass (Tablee 

16, 19, 20, aa antl 21i) as well ae leaf ln.jury and their 
. 

epidermal cbar4cterist1cs were observed. 

'fable 15 glvea the ugmber ot leav,es at each of 

tile t1rst three no.des, the number ot leaves were same in 

both sets Of plaatS,I! fJte leaf 1Utmber1 bOWf)V8l"t decreased 

cradually, beyond third node as a result the total number 

of leal'es at the conclusion ot theexpertment were less 

tn plaats grown at pol.lated sl te. Io Dallqh~s ~lablflb1 

reduction in number of leaves was '' per cent, followed 

by Pbesto~~ aureps ( 29 per cent), Lt!!! ~lHHil ( 27 

cent) and C.19!£ W!S!ll!Y! (25 per oe.nt). V.!ua atpellllr! 
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seeas to be oompari iively resistant to air pollution 
• 

si bee 1 t showed only 9 "r coat reductloa. 

Date regarding leaf area and leal biomass tor the 

two sets ot plants are given t:a Tables (16, 1St eo, 22 

and 21f.). Redactlon in the lea.t area w.a$ in the tollo• 

wtag sequenoe: ~tcs: .f!!1~tewm (54 per cent). Ralic;:bos 

l&bl@~ ('tit per ceut), Pha§pf!~U! i!E!P! ('0 per cent) • 

&t•l!! ~~l&pa£1§ (39 per cent) and Vl&•t stnel'lsia ('S per 

oent). Tbe cbnnges io leat bitmas• also followed more 

or less the same pattern • Dolt,o!J9s ltblab (59 per cent) • 

Cicer grletenum (SO per cent)• Phaf!to&•s UiE!!!S (IJ9 pe.r 

cent) , Lens · guly§!1 s ( 42 per oent) GDd Ilasa tlaepsi,s 

(30 per cent). 

fbe total plant biomass was dgadt1cantly affe­

cted by a.ir pollution (Tables 17, 19, at, 2' and 25). 

In 191igho.J! labla). tt was re4ttcetl tJy aboa.t .52 per ceat 

lollowecl by .Cloea: sz;t.eienum (SJ. per cent), J:eg oalint£11 

(49 per oent) .• ~beg~plUJ aure!uas {lt6 p~r cent) and Xl,g91 

11aen§l.s (:56 per oent). 

Visual I.Qjurles 

Visual 1njar1es Ia tbe leaves ot plallta grown at 

polluted sites were observed (Table 26) • Lea1' lnJurles 

such as necrotic patches, chlo.-osis, dead .lnterveDial 

tissue and enrolled le!lf •argins were observed tu Dollchos 



lablab. In CloaE M&ttew., !d~J!! gll,!!!:!S. and Pbgeolu..,jj 

aurene :laJury syiQptoms appear at lahr staaes suggesting 

thot they are comparatively 110re resist~t. !i&l'lt 

Jillens!! vas tree .troll ftll)' 11131ll7·• 

Bptdermal Cbaraotet-istica 

Bptdermal leatures tu.ludla,g tnt ot stomata aD4 

trt.cbome morphology (Table 17) ln Jllant grown at 'non­

pollute« slte were studied tor eValuatil'lg the ettect ot 

air ,Ollutlon. 
. 

. Cicer trlel!DU. has pilose leat sur.tace wbtle ln 

,!!911ebo§ J.ablfbt ifen! cal&W~I and fMS!ftlus W!!lS leat 

surfaces are pubescent. 

atneu§i§ are glabresoent. 

The leat sur.tacoe of V,i&!V! 
v 

Number of stomata in ple~~ts 

crown under ex.perimeatal study in control set ot plants 

'taries from 18 1n Phaseolug 19~'9!!.1 w 7 ta·~e.np cu~i!!Q£1! 

on adaxial leat s\lr:ta.oe. Abaxial leaf surtace tn tbese 

plants have more stomata (fl$.1a5 per cent )(table as). 
Plants species used tn tbe cuc:peri.men·t al study have p.ara• 

cytlc type of stomata ia Slicer u;tettD!!h l}ollcbo§ labl&b1 

J!b:aseolu.s s~:cnp.fi and. V1g···§1!!!D!~I wbtle aD1soeytic type . ~ . 

1.- Lens cultnarll• 

The number of. stomata o.a adaxial lcat surtaoe la 

P,!.cer @rietenum was reduced by :Sit per cent (fable 28). 

Phaseolus .f!r:8Ufi! (29 per cent) and 9g11clnls. lablab (27 per 



eeut) ;a). so exbl 'bl ted co nat derable reduct toe,. In Lt!l 

S.!linari§ anct VltUJft atntosi.Jf they. wen reduced by 19 

and 15 per cent respectively • 

fbe abaxial lea:t surtaoe do not respo:adequally 

to atr pollu.tioa as tn no oase the reduction ln the 

nuber of stomata was more tball te.u per cent. 

Tbe 14,Ul&tb ot stomatal pore was also touJUt to be 

affected by air pollution (fable 29). la 2&92£ ar&.ett~·· 

42 pe:r cent reduction was observed 1o11owed by J!!.l&ob•! 

lylall (l6 per cent) tmd _Leu Qull1nK11 (as per ceat). 

In Yla!A gintn!&Gt it vas reduced by 10 per cent ouly. 

It ts tnterest1ag to aote that reduotioa in the lerJ&tb 

of stoladal pore on abaXial leaf s-vf.ace 1a raoet ot t.be 

plants was almost .halt ot tbe reduction on the aden al 

sur.taee. 

Tile· breadth .of stoma.tal pore oa 'botb leaf surtao•• 

also appear to be iftfluenc'e4 by al.r pollation.. Tbe brea4• 

tb .o:t ·stomatal pOre oil t.be adaxial surface was redocecl by 

,,. per cent ln !t11chgs !ebltb aDd PIJae.,glpa l!i"l!! (table 

lO). Leu _culinu:&s amt £1ge£ arl,gtegy it was :Jt aJl4 30 

p4!r cent respectively. 1J per ceot decrease wac obse..,..ed 

tn !&IU l.iMr:us&a.• Breadth ot stomatal pore oa tbe aba· 

d.al leal surtaoe was tound to dt,tcre.ase in tbe tollowlq 

sequeace: Dolicl'lt! !&l!lftb ('7 per cent), :fha§t!l!!! aurou.g 



Appreciable dtftereoces were _also observed tn the 

l.ength an4 dens.t ty ot tricbomes particularly a$ the ada• 

x:lal leat surfac~e. 

Oa the adaxial 1eat 'surface, the trichome density 

wae -'6 per ceat higber in 'tge£ tr&ettuum tolloweel by 

Pbastolas .aurtu.a {ID.d !!s!ltoboa M!!A&b (44 pe.r ce11t), 

!li!D§ .cu,ltgarl,tf (33 per coat) .and ~~iN {liJl!~t!l& (l:S per 

cen.t)(Table 31) • Ota tbe abaxial leaf surface the increase 

t.n the density ot triobomes was below :l8 pe,- ceot. 

Clearly risible effects we.re observed so tar as 

leagtb ot triohc:u:aee ot abaxt.al lea.f surtace are concerned 

(Table :u.). Ttae le:ngtb ol trichome on tbe a4adnl leaf 

surface ia Dol&cnos .teblab increase constuerably (SO 

per ceat), followed. b)' Phasealue ereas ( per oeat.), 

Oice~: grieteruun (Jt per cent)., lrtn§ c.rali!!!E&I (28 per 

oeat) and to V.lgJlf sinenart! (12 .• S per cent)., Tbe length 

ot trichome dld not claange I'IQCb oa the abaxial le~ 

surface 111 all. species {Table ) • 

Chlorophyll Content 

Data on tbe amount o:t tot o.l ehlorophyl.l in plants 

grown in polluted and control tutv1ronmenta are given 1a 

Table 33. It vas 37.1 per ceht leas in RJ.per J!t:ietegJ! 



tol."lowed by Pl!sseoloe :aureu.a (:U .• 4 per cent) aDd !1gna 

. gUtens,ta (11.1 per ceut). 

8leotrou Mtcroeooplc Study 

The scanned micrographs (Figs. 11 .. 11) ot tbe 

stomata at the abaxial leaf surface of P!J!nopo!l&u · 

album snow that the size of tho stomatal pore vas less 

ln plauts of polluted envtro~ent (F1g. &2). fbe edge 

ol stoaatal pore ill plabts ot polluted envtronaent 

(Fig~ tit) appear UDevea. 

figs. 13 arid 14 are the scanned micrographs ·ot 

s'ku:aata of abaxial ··leaf s~arfaoe in Rp;licbus la)!l,ab 

:tro~~a DD&-.Polluted anti· polluted eatt1roueat. In pollu­

ted ebvtrouent, .stoJllatal pore size 'becomes coustdera­

bly small (Pig. t,.). 

Figs. f.5 end. 16 .represent soanae4 miorograplla ot 

aduial leaf· surface of j1q!£ gr&tt~Dl!f:S!· growa tn noa• 

polluted and polluted en.vlroameut. 'be density ot 

tr1choll6s has considerably increased in plants grova 

in p~lluted environment (Fig. 1.6). 

A comparative study of tbe scanned micrographs 

ot plants grown ln polluted anti noo-polluted environ• 

tnent reveals tbat tho air pollutioD reduces tho size 

of stoaatal pore, promote tQldt•g of the subsidiary 

cell surtaoe and increase the density et tricllomes. 



·. rtg. ita SCanned electroa lliCrographs of abaz1al leaf 
earface ot 2~el,tOJ!0§1um B.l.!!a. growing at coatrol 
eite. ()(22oo) 

Fig. UU Scauned elcctrou miccagrapb o1 abaxial led' 
ss&rtace of P.henopo~~'l. .. J\!b§ growt.ng at 
polluted s:lte. ( x 2.1.oo) 





F1& • 1'1 Scanned eleo roo adorogr aph of b tal leaf 
•urtao of polichy! lablap grown in control 
a te. ( x 21c o) 

F1 • 14: Scanned electron atcrog ap of 1 1 le ,f 

surf c of Doliohus lablab grown ln p lluted 
Site. ( x l.lao 





Fla. 151 sea d e lec t l" n meregrapb ot das1al 1 fd 

surfao of Clc r i[letenum grown in oootrol 
•••t•••x site. ( x s 3) 

•urtaoe of Cleer arlet 
•1 te • ( )( s-~ 
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Taltle s 
L1$t ot Plants ot stte .A, B aDd c. 

s.N. S1to A 

t. Acbyrantbus as per,. 

2. Altbeca rose a 

'· AJDar·antbus 8p1D09US 

'· Aloaranthus vtrictia 

s .• Bras sica oleracea 

6. Cal~tropls pro cera 

7. Cassia fistula 

a. Cheaopodium album 

9. Croton bonplau41·anum 

Site B stte C 

Acaota' arabica Achyraathus e.sper.a 

Acli)'l"aDtlUlS aspera 8rass1Ca Oleracea 

Aalarantbus sp1nosus Calotropts procera 

Brasaica oleracea Chenopod1wa latn&• 

Calotro.pts procera Crotoa bonplandianum 

Cheoopodt·.am alhua Cyaodoa doctylon 

Cr(,to:o honpladlAUUDI hoalyptus globulas 

Cynodon d$-Otylon Lantana camara 

to .• Cynodon · 4actylon Lantana camara 

tt. Eucalyptus globulas Nerlum lildioum 

Parkineonia aculeata 

Bto1nus coamunis 

S14a allaa 12. Lantana tamara &1o1nas communis 

13. Latbyrus apbaca stda alba 

11f. Jfertum t:Ddi.cuau Son"hue. asper 

15• Parlt1nsonta aculeat.a Vernonia ·otnerea 

Sonchua asper 

VernoDi e. cinerea 

Wltbanla somnitera 

16. Ricinus communis Vlthania somDifera Xantbtua strumartua 

17. Soncbus as per 

&8. Veruonla cinerea 

19. Wl tbania somal fer a 



table 6 

Llat of Plaats Selected For Detailed Study 

a. 

to. 

Aobyrauthus asp•ra 

Braeslca oleracea 

Calotroplt procera 

Chenopodium albu. 

Cyoadon 4actylon 

Lantana cama.ra. 

Ne:r1um lbdlcara 

.liei nus ·Communis 

sonolute asper 

Wi tbald.a ao11D1tera 
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fable 7 

Ylsul Symptoms Observed in Pla.ats Co11110a to Slte At B abd O 

Aobyrantllue asper : Yellowlag ot leaf margla gradually 
txteDdiag towarcts tbe center an4 
ultimately end1ag 1n a crumpled lear. 
Young leaf develop brigbt red color 
aloQS Veins and Ve1Dlets • 

. · Drassioa oler•cea : Chlorosis wltb lesions of browu color. 
Crumpled leaves 4etorma$tes can be seen 
1a you.og leaves. 

Calotl'Opls proceral Yellow strips on the leat, tip of the 
leat turnl.ug brown trom yellow and at 
last becolllillg brl ttle. 

Chenopodium album : Cb~orosis ot leal• 

Lantana camara 1 RolliQB; ot lea-t margin, ort.uapled leaves. 

Nerium indic\\ID a No Visu.al syaptoms were observed. 

lllcinus communis c Necrosis, lntevelaal tissues killed.. 

Soncbus aaper 1 Necroeis• crumpled leaves followed by 

cleath ot most ot the leafy tissue at 
later stages. 

Wt tllania soamlferat Cbloro&1s, brown patches were also 
ob&e"ecl. 
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table@'-

B.pldermal Jlorpbolov ot Pleats CoiiUIOta . to Sl te A, B aa4 C 

-Speoles ... -.' 

Aobfl'aDtbus 
asp era 

Bras sica 
oleraeea 

Calotropie 
procera 

Chenopodium 
albUm 

CyllOdOD 
dactylon 

Laatana 
caaara 

Neriu.-a 1 
lndicum 

lioaia · -· · .. 
t;r;e•-, · • Trtohoae Cb~~aoteristica 

.Aa0cocyt1o Adaxial: Pubesceat: Short; soft 
and straight bal.rs • 

Abaxial: Nloset thinly covered 
wttb loag soft hairs. 

Ant.sooyUo Actaxtal 

Abaxial 

Pubesoeatt Short, &ott 
and -.tralgb't hairs. 
Pilose: fbluly covered 
with Ions soft abira. 

llllli 

Paraoytio Adaxial 
Adaxial 

Glabrescentt Short hairs 
Glabreaoent: Sbort llalre 

ADomocyt1c A4axia1 

Abaxial 

Glabreseent& Sllooth aDd. 
sbialng svtac•• 
Pa.besoent: Sbort soft 
.ancl straight hairs. 

Dio.cytlc Adaxial Glabrous: Smooth aurf'ace 
tree from hdr. 

Paracytlc 

Abaslal Glabresoent: Short hairs. 
Adaxial Pabesoent: Sbort, soft 

aad stralgbt balrs. 
Abaxial Pilose: Thinly covered 

with oomparlt1vely loag 
sott hairs. 

Adaxial Glabreacent: Short hairs. 
Abaxial Pubescent& Short• eott. 

and etra1gbt hairs. 
Rtct.nus Paracyt.to Adaxial Glabresoentl Sllort. hairs. 

communis Abaxial Glabresoent: Sbort hairs 
Soacbus Anomooyttc Adaxial Pilose: .Thinly covered 
asper wit.b loag soft ba1ra. 

Abaxial Yillosea ·Thickly covered 
wltb lona so:ft hairs. 

W1thania Anomoeyttc Adaxial Pubescent& Shortt so:tt 
somnttera aDd stratpt halrs 

Abaxial Pubescent: Short• soft 
a!ld straight balrs. 
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fa'ble 9 

Btfeot ot A1~ Pollution oa Stomatal Density 
(lfamlKtr/llelcl new)* (i,s c::-)** 

Speolea surface Slte A Site 8 Slt.e c 

_l. 
..... 

~~~ 
. ~·,-

--- .J,.,i ·• ~: ..,,/ -· ~ -. -. ·-~ ~ """"'" 

Ad pial '' .& t.6 '" .'& 1.0 16 .t 1.8 
Aobyrantbus aapere. 

a 2.1 16 a.·7 A1Jaa1al 17 
.t. ···" 

18 .t. 

Adaxial 10 .t 1.9 11 a t.7 ,, 
'* 1.] 

Drass1ca oleracea I 
Abatiel ,, .! 2.1 12 .t. 2.0 16 .1; 1.7 

A4aa1al 21 a.lf 26 
.. 

2.6 29 .t .... ,. '* .& 
C alo. trop.ls pro cera_ 

Abaxial ,,. .t ,. ... '' '* '·' 
,,. 

.t "·' 
Adaxial 16 .i 2., 16 

.t '·' 
19 .t ·2,6 

Chenopodium albwa 
Abax1al 21 .t 3.1 23 .t '*·1 25 

£ '·' 
a Jt_ o"2 a'* 0.7 8 .:t· 1.2 

Cyaodon dactyloJ:a 
Abaxial '" %1.2 '" z •• , 14 .t 1.8 

Adaxial 16 .t o.g 16 '* '·' 20 % 2.8 
Lantana camara 

A'baxial 31 ;t_ 0"9 28 A 2.9 
, .. .t '·' 

Adaxial 17 .:t· 2 ·' 17 £ 1.9 21 
.t. '·' Ricinus communis 

Abdie.l 31 % 4.1 '2 % ,.8 ,. 
.:t " •. J 

Adaxial 9 .t 1.2 tO .., 1.2 '" .t. 2.8 
So ncb us asper 

Abaxial 16 .& , •• 17 .s;. 2.1 19 -* '•7 
Adaxial J.S ..t 1.9 17 .& 2.5 ao .t. ,. ... 

W1tban1a somnt..tera 
Abaxial 23 

.t. '· 7 
21t £ 3.8 27 .& 4.2 

• IOXXX ltOX ... .. 
Jle~U~ X -

v., Standard cleviatioa. 



fabl• 10 

Btteot ot Ali'" Pollutlo!l on LeJ18tb (u) of stolltltal P. 
' 

Speoietr -· 
Aollyran tbus aepera 

Brae sica oleracea 

Ca1otrop1s prooera 

CbenopodllUD album 

Cynodoa 4aotylon 

Lantana ca.11ara 

llicj. nus C01182Uill8 

Sonollua asper 

Wltbonta eomnltera 

. f :X - Meall 

·(I .t cr )• 

Sttrtace 

Adaxial 

Abaxial 

.-.~al 

Abaxial 

Adaxial 

Abaxi{ll 

Adaxial 

Abdial 

A4axtal 

Abaxtal 

A4ax1a1 

Abaxial 

Aduxlal 

Aba.Ktal 

Adaxial. 

Abaxial 

Adaxlal 

Abaxial 

' 

Site A Sl'$8 a Site c 
It .t 1.9 21 .& 2.1 2li :1 2.4 

17 % '·' 17 
.& '·' 

18 .1: 2., 
9 .t o.s 9 4 o.6 ,,.! 0.9 

1 ·~ o,,, 7 .t o.lf 9 £ o.6 

12 .& 2.1 ,, 
.t s.s 17.,s a.e 

9 .;. .. , 10. .:t 1.2 14 + -a.9 

11 .t o • .s 11 .s o.6 15 .& o.t 
8 .. 0.1! 8 £ o., 11 .& 0.7 

12 .t. o.? U! .t 0.9 12 £ 1.2 

7 £ o.2 6 .t 0.5 7 .t. t.a 

15 .:1 2.2 16 .:t :1;.9 19 .t. 2.7 
10 .t. 1.9 11 .t o.t ,, .t 2.9 

21 '* 3.1 23 .a a.s as % ).7 

12 .:t. 1.9 ,, & 2.t . tS £ 2.7 

15 .& 1.7 16 .&. 2.1 22 '* a.J 
9 ~ 0.8 9 .t 1.2 11 .& 1.7 

'" '* 1.1 '' :t 2.1 :1.5 ~ a. 7 
11 '* 1.9 12 .& 3./i ,, .t ,.2 

c- - St t\Ddard devtat to.n. 
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fable 11 

Btt'ect ot' Air .Pollatlon oa Breadth (u) of ·Stomatal Pore 
(i ~ ~ )* 

Acbyrantbus aspera 

Brass.tca o leracea 

Calotropt• procera 

O;rnodon 4aotylon 

Lantana oamara 

W1thania somattera 

* i - Mean 

Surfe.ce Site A Slte B Slt.e C 

Abaxi.ul t.O.t 0.1 1.0 ..t, 0.2 s.S£0., 

A4ax1al t.6.t o.2 .t.S.t. o.as e.s.to•l 

Ad.aalal 

Abaxial 
:s.o~ o.~ l.o,:t·o.a '·'-* o.s 
a • .s.;t o.l a.sz o., 2.5.& o.ta 

Adaxial 2.S_t·o.2 2.S,t o., 3•5.t. 0.2 

Abaxial a.o,:t 0.1 2.0~ o.a 2.5!t 0.1 

Adaxial 3.0& 0.1 J.o~ o.2 3.0.t o.4 

Aba.~tal a.o.t, o.a a.o.t o.a 2.0!. o.4 

Alte%1al 3.5.&0•7 3.S.t o.6 li.S.t o.a 
A 
Abal:ial 2.0.;t 0 .. 5 2 .. 0~ o., ShS:.t. o,6 

Adaxial lt .• :S,t o.s ll.S.& o.li ,.O;t 0.6 

AhaYial 4.0.t, o.:; %.O,to.~t lf.S.:t o.a 

Adaxial 2.5~0.3 2.5~0·' '·o~ o.6 
Abaxial 1.S.:,t 0.2 1.5.;t o.) 2.0;t o.s 
Adaxial 

Abaxial 

If .t,.t. o .• ' "· S:.t. o.s s.o.z o .1 

3.6;t o.% '·'~ o., '·O.:t o.6 

o- ... Stftlidarcl deviation,. 
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tab1. 18 

Btfect o.t Atr Polluttou on tbe Deas1ty (Bumber/ul) 
ot Trt chome (I s v- )• 

Species 

AcbyraDtbue aaper 

Braasiea oleraoea 

Calotropts prooera 

cy.nodoD ctactylon 

Surface 

Adaxial 

Aba¥1a1 

Ad:a:dal 

Ahuial 

Adaxial 

Abaxial 

Ad ax tal 

Abaxial 

A401dal 

Abaxial 

Site A 

'"0.& 23.2 ·. 

16~'* 27.2 

lfiO& 29•2 

180,& )1.8 

70,t 6 .• 9 

sos 8.8 

:SO,t 6.1 
ltO.t. 11.9 

... 
)1,!: 9.2 

Site B Site c 

tiJO;.t 18.7 110,t 18.2 

i62.t 29.2 142.:!;. 17.1 

132& 26.7 11S.;t 19.7 

110.t. 1U •• 9 t58.:t 21.8 

70.:t 5.2 60-t "·' 
8S.t 8.1 75.t 5.9 

26,s 2.1f 2-'.t 7.7 
100,& 13.8 92.t 11.2 

- -
2S.t 7.8 28.t s.t 

Lantana camara 
Adaxtal 220~ ''·' 820.t 26.4 190,& 21.2 

Abaxial 2%S.t J%.4 245.t ,1.2 220,:t 21.7 

Heriwa tndicum 

Rl c1 nus comanm1 s 

Adaxial 

Abaxial 

Adaxial 

Abaxial 

Aclax1a1 

Abdial 

Addlal 
Wtthaota somnlfera 

Abaxial 

• i - Mean 
c- - standard den attor& 

85.t 26.7 

t\5.t 25.4 

70!, 6.6 

80.:t e .• t 

:uo'*' 21.2 

21fO.t. 27.3 

100,:t 7.9 
105.t, s.a 

8tt.t 22.-4 6S.t 17.2 

t45.;t 23.8 135.t :u.s 
75;S' a.e 60.t s.s 
80,: 1·0 75~ 6.0 

210,! t6•S 1%0 . .t ?.a 
altO£ta.a 2tO,:t t6.2 

1o's 9·2 1S.t '·' l.OO.t. 9.0 853 7.2 
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faltle. 1S 

Bt:tect of Air Pollution 011 the wngtb (tt) of tJ:i.c,hoaea 
(i .t Cl )•· 

Spec~es 

Achyranthus aspet 

sartace Slte A Site B Site C 

A4a:x1al liS.t$!7.8 . 122.ttl•2 t10.t 9.6 

Abaxial tS2.:tt6.s t52~1u .• a tlt6.t,tt.'-

A4axt.al 110:ttt.& J.O,O,t. 9.-7 95.& 8.9 
Brasel ca o loraoea, 

Abaxial 169£ 9 •. 6 iS?.tS.71!1.t 1SO,t12,8 

Addial 
Calotropis pJtOcera. 

Abaxial 

60:,t s .4 .. · 65£ ,_ .9 · '-S.t. '.2 
..:,JOzf,;O.J , .50;t 3. 7 SO cot It .o 

Cynodoa 4aCJtyloa 

Lanthana oama.ra 

atotnus eo•manis 

Sonobus asper 

•. ;. u .,. • nOaD 

Adaxial . 12.& 8.2 :til;& 1.9 

9S;:t1t.2 S7.t, 7.2 

A4ax:tal 
Abuial 

-
Alext-.1 t30,t22.8 130.&24.2 tt0.tt6.t 

Abaxial 182:29.9 182J.2::J.8 l70,:tt1.8 

Adaxial '71;t21.2 69;&19•11 SO,t 8.9 

Aba.'tial 112,t2\.1 1G\_t22.t 9'.st3.8 

Adaxial 70.& 6.1 · 65& 5•9 SO.t lt.6 

Altaxial 70.t 6.8 75.t 1·" 6Sa 6.8 

Adozial 2'iS,t;J9. 6 2S8'*'1t. 7 

Mtaal aoo%29.6 ~9l~s.s 

. 90.t ·7 .a 
90.:, 9,6 

tSt,zta.tt 

t79s18.7 

7S.z 6.9 
SO.t 7.2 

c- • Standari deviatiou 
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liable tJa 

B.ttect ot Air Pollution on tbe total tlhloropbyll Content 

(mala•) 

Site A Slte B Site c 

AChyrontbus aspera ].037 :s.6as '··835 

Braas1oa oleraoea 1 .• 77' a.oat 2tlt29 

Calotrop1a proeera 2·91if ,.2tlt ,.,,a 
Che.nopod1aaa alltaa a.,,a a.sta 2.872 

Cyoodt.a 4acty1oa 1.701 Ji.ese 1.852 

Laatana camera ,.671 3·979 lt.S07 

Her1aa lncU.cu• ,.,64 3.188 ;s.Gas 

Ric taus COIIUitiDls 1.692 t.ete. t.t72 

Soncbas as per 2.J.6J 2.752 '·"Oft 
Wtthan1a somrd.tera 2.831 ,.101 ).21f6 



fable ,, 
the Growth of Leaves •• Pla~tts Grown .Sa t~ .Pollllte4 

8Jl4 Ooutrol IDYlromuent 

(O'baen-at1oa$ were mate at\er 5) dqe, 
value a re,..esent average ot ttve plant e) 

No. ol lfwa))er ot lea Yes 
.·&iiicbos I ·r=e'u Pliaseo ItuJ oi:cer Vtaaa No4e.e ... ,, a IlL 

' " ' ., . 
,, e P .. ·c-

I 2 2 2 2 2 2 I 1 2 I 

XJ a 2 l•l a 1 ' 1 1 2 a 

III 2 · a-ta ' 2 .. ' 1 1 1 2 

IV a-ta lj l ' 1 1 1 1 I 

v - 2 i l ... I - 1 1 

VI ' ... 1 1 1 • 

VII 1 1 

VIII 1 1 

IX - 1 

•otal. 
lfo.ot 8·10 12•111 6·7 9 
leaves 

5 7 ' 
,. 10 11 



table t6 

Davelopmeat ot Leal Area (ca2) aD4 Leaf B1olla8s ( .. ) ta 

ftliOH! lf!bliJl GrowD to Polla~ed aad Co.atrol Area 

Bo. ot '*•*" .... Leaf bto•ass 

Nodes Polluted Com.rol Polluted. Coatl"ol 

I '9 * 8·9 sa :t '·' 
O.i30,IP.018 0.220,&0.022 

II '' a a.a 61 .& ta.a o.sao,£0.009 o.altS£0.018 

III til .t ,.,.a 12'l . .t 9 ·1 0.239JP.018 0 .502JP .103 

IV 11, :t11.7 20)%16·" o.l!t.2.t!J.tt3 o.so?,tP.970 

v 17 . .t li.g " a. 1.a o.oa6,tO,ooe 0 • 1fU,j9 • OU! 

total 271t..;tt6.2 1&86.,a2tt.7 .Q.887~h160 t.95S,t.0.252 

Tabla 17 
. Btteot o:t Alt" Pollat.1oD on tile BiOJOass (ga) 

!!,gllohpg !9blgb 

Plant orgaa PoUated Coatrol 

Leaf o.es7 .t o.t60 1.955£0.152 

Stell o.?ao .:t o.oa:s t.S,a ,ao.oaa 
Root o.tt::S '* o.ot6 o.Ct90 .t o.oa' 

fJotal 1.710 .a 0.189 3.577 .t 0.196 
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fable l$ 

Development o~ Leaf Area ( cm2) aDd Leat Biomass (gm) iD 

P!Jaaeglas aupag Grown iD Polluted and Ooatrol Areaa 

l'o. ot 
Bodes 

Leaf 
Polluted 

are• Leat .-ea 
.Conttol 

Leal b1oaaas 
Pol·lllte4 Control 

I 

II 

III 

lY 

v 
VI 

56 ~.2 75 .:t IJ •. fio O.tSO,tO.OOS o.:sso.t,O.ot2 
1% .t2·9 28 -*'·'0 0.07~$).00it o.s:Jo£().ota 

7·'~·7 a a £ ,,90 o.oss,ta.oos 0.092£0.007 

lt.0£0•'' ,, 
.f:. 2.60 o.O'tl,tO.oo:s 0.070£0.007 

- thO.:t. 0 .,90 - .0.070£0.007 

.... '·2.t o., - o.oto,t.O.ooa 

. ' 

table 19 

Bt~ect ot Air Pollution oa tbe B1omase (a•) 
ot ~h@S!olap t!r!UI 

Plant organ 

Leaf 
Stem 
Boot 
P'rutt 

Total 

0.356 .t 0.018 

0.315 .a o.o07 
o.oao .t o.oOtt 

-

Control 

o.6&7 .t.. o.01a9 
o.775 .t o.o26 
0.192 .:t ·O.OIJ8 

o.oJt,a .z o.ool 



Table 10 

Development ot Leal Area (sq.om) alld Leat lt.oliass (g•) in 
Lea• eultaali. a Growa 111 Polluted an4 Coutrol Areas 

••• ot Leat -··· Leat blo•aes 
Rote• Polluted OontroJ. Polluted Control 

l 38.0£ '·' tt7.0.t G.a o .soo,p. 006 0. t"Oto• 009 
< 

11 29.0% 2.8 '9·0£ ta.t 0.07S.jp.006 o.tltS£0.011 

III 2l.O.:t 2.9 6a.O.t '·' o.o,s,p.oo? o.t7o,p.o09 
xv· 20.0.t 2.1 1\.0.t 1..9 o,OIJS.t.0•006 o.o6S.fP.Ott 
v ''·'* o.6 ''·'.& 1.2 o .ot.s.t<»-ooe O.Oif2;10.005 

'¥'1 ... .$.2.t, t.2 - 0,021.:1,0.003 

Total ta6,5,ttt .• 9 ao6.7.:tt9 .2 o.ago.t,O.oJ? o.se:s.so.o'a 

tabJ.• 21 

Bt.fec$ ot Alr Pollution on tile Bto•ss (a•) 
Of Lfta,e SUll Btd,! 

Plant organ 

Leaf 
st.em 

Root 
Prult 

Total 

Poll\lte4 

o.Qo .t 0.027 
· o .• 3'AO .t o .• ota. 
o.t35 _. o.oos 

Control 

o.se:s .t o.01.as 
o.6oo .:t o.oaa 

. o.t9S .:t o.os.t 
o.oss .t o.otJ 
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Table II 

Developmeat ot Led Area (sfi,cm) aa4 Led Biomass (g•) Ia 
Cloer artetepoa Grown tn Pollated aDd Cout~l Areaa 

5o. ot Let at -.a . . Leat Btoaaes 
Nodea Polluted Control . Pollateel Coratrol 

I su .• S,t '·' 3\•S.:t , .• a o.tJo~·.ots o.aas.t.fl.ot7 

Jl s6.5.t e., 29·0-t. 3·7 o..tt0£0.0!2 .o. 20S.;&O. oos 

III tO.O.t ·t.:S .24.5.& •·' o.o70£Ch007 ·0 .170_t.(J.011 

IV - 15·0~ , .. ... O.l10.fP.012 

. ' 
total 1!7 .t. 7•1 10, ;l10·7 0.310£0,0'1 0.7tO£O.Oit9 

fable 23 

Btfeot ot Atr Pollattora oa the Bio~~ase (am) 
of Gi!!r, l!ittenu' •.. 

•t»oi1ute4 '' Coat'l'oi 
5 •• 

Plant or& aD 

Led o.Jto .t o.o)s 0.710 £0·0"9 

Stem o.oao . .t o.oo3 o.o,, z o.o06 

Root o.o6o ~.0.009 o.oes a o.o06 

total o.590 .t o.ota:J o.eao .t. o.ofit 
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fable IIA 

DevelopMDt of Leat Area (caal) aDd Leaf Bt.o•aes (ga) 
ta V&a!! J!!enst.a G.ro•a t_. Polluted AD4 Control Areas 

xo; oi · ' ttaf' arta ' ···:- Let! liqmass . . : 
Hodes 

II 
Ill 

IV 
v 
VI 
VII 
VIII 
IX 

total 

P9llated 

59 .:t 2.) 
82 .& .3 .. 2 

s6 .t e.t 
soo .:t e:. 7 

97 .t ·-·'* 
85 ~ 2.9 
6e .& a·,,. 

·• 

Coatrol Poll a ted 

ss .:t '·' o.s2S.to.oJ.t 
''' £ s.G o~s~o~o.o•9 
144 .:t 3.9 0.590.t.O.Ot5 
l27·A 5.6 0.670.tO•Ota 
sJ' ..t '•' o.66o,to.ota 
.alla· .t '•' o.S70.:t,O.ote 
sao .t 3.1 o.I60.t().Otl 
42 .:t 1.9 . -

·table as 

Coatrol 

0.350:&().014 
0.780£0.032 
o.sao.t_O.ots 
o .• 7)0,:t0_.019 

0.810.,tO.Ot6 
o.st.5.to.ot) 
o.69oz,.o.oas 
0.2SO,:t0.194 

Bffect ot .Air Pollatlon on tbe Bto•aee (g•) 

ot l&cae 11li!l111 

Plaa.t organ Polluted Control 

Leat ,. • 755 Jt o. 127 6.585 .;t 0.19/f 

Stem 7.tt.o .t. o.eta 1.1· 780 .& 0.]10 

Root o.sas '* ().01'* 0.9/tO .&0•0'7 

total t2.390 .to.,,, s9.305 -* o.sst 
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fable 26 

Visual IaJurles tn Pl$Dt8 Grown tor Experimental Stu4y 

Near JD4n.prastha Po\fer Stattoa 

Cloer al'tetenumt Cbros1st yellowtas of leal tip. 

Doltobos lablatu Necrotic pa,tehes. taterYeulal t1ssae• 
killed, rolling ot margins. 

Lens onltnarls: Llgb.t green patches, oblosee lr.a later . 
stages. 

Phaseolus anretas& %ellowlrtg of leaf aarglu, eztendtna 
· towar4s the otnter, necrosis. 

Vigna. atnensisc llio visual symptoms oil leat. 

fable 87. 

Bp1cteraa.l Morphology ot Pla,ots Grown tor Experimental Sttaa, 
Bear ln<lraprastha Power statloa 

Specie& 
,. to 

C1cer arletenum 

Dollehos 1abla'b 

Lens oultaaris 

Pbn$eolus aureu.s 

YigQa e1ne~e1s 

Maxial 

·Aba$l.al 

A4as1al 

Alluxlal 

Adaxial 

Abaxial 

Adaxial 

.Abaxial 
,.;#lilr, 

. Adax.lal 

· Abaxial 

Trlcb.oae character1st1e 

Pliosea Tblaly covered 
with 1o~~g sott batrs. 
Pilose: thinly co•ere4 
w1 tb lo~~g soft ahirs. 
Paabescent: Short, eott 
aDd straight bdrs .• 
Pubescent: Sheet, soft 
and atral&bt baiirs. 
Pubescent; Short• soft 

· ana stratgbt bans. 
PttbesceJtt: Sllort, soft 
and str,lght hairs. 
Pubescent: Sbort, soft 
and straight hairs 
Pubescent: Short, so:tt 
and s~raight ba1rs. 
Glabrescents Smooth and 
slliniog .surface 
Glabrescent: smootb 
aDd sh.intna surface. 

Stomata 
tyee 

Paracyt1c 

Pa.raoyttc 

AD1socyt1c 

Paracytic 

Paraeytic 



Table 28 

Density of Sto~~ata in Pla~~ts Grown in 
Polluted and Control Environments 

(Bumber/tield View•)(i ,s cr-)** 

Sp.kiea Polluted CoDtrol 

Cloer Ar1etenum 

Doltchos lablab 

Lens cullnaris 

Phaseolos aureus 

Vigna sinensis 

• tO.X X 40s 

•• i .... Mean 

Adaxial 

Abazlal 

Adaxial 

Abdial 

Adaxial 

AbaXial 

Adaxial 

Abaxial 

Adaxial 

Abaxial 

q- - Standard 4ev1atitul. 

8 .z 1.1 12 ;;t 2.6 

13 .& 2.2 14 .:t t.6 

8 £0.9 11 ~ a.t 
14 ~ t .• ? 16 .:t 1.9 

,, .& '·' 16 .t 2., 

23 .z 2.6 26 .t 2.7 

10 ~ ,.2 14 .t. 3.8 

17 .t 1 .• 6 s~ .t a.t 

ss . .& ,.a at .z a.6 
27 .t. ,.1 

29 .to '·' 
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fable 29 

Leagth of stomat.al Pore (a) la Plants Grova ta 
Polluted arut Control Eavironmeata (:i :tv-)* 

Species Polluted Control 

Actex1al 1 :t o.,li 12 .:t o.s 
Cicer arieteawa Abaxial 7 .'l o., 9 .~ 0.4 

Adaxial 20 .a 0.7 27 . .t. 1.1 
Doliobos lablab Abaxial 14 ..t 0 .s 17 .:& 1.2 

Adaxial '' .1 o.ta 17 .t. 0.7 
Leas culiDarla Abaxial 8 .a o.os. 9 % o.os 

Adazlal 10 -* 0.9 tlf .t 1.8 
Phaseolos aureua Abaxial 7 .to.? a .t. o.1 

Adaxial 19 :t 2.1 21 .t. 2.2 
Vigna sinensis Abas:ial 12 .!. t.6 13 .s t.6 

• i .... HeaD 
a- - Standard dev1at1o.n .• 



fable JO 

!!' .. 
ul 

Breadtb ot Stomatal Pore (a) J.a Plaats Grown ia 
Pollu.ted aDd Coatrol BIIV'ironmC"uats (i .t. u- l* 

Species Polluted Control 

Alaatal 1.75 .& 0.29 2.50 .t. o.,, 
Cicer a.rietenum. Abaxial 1.80 .& o.tt 2.1 .t o.ts 

Ad&Ual 2.e t. 0.2 s.o .& o.,, 
IJolichoa lab lab Abaxial 2.0 :!. 0.18 ,.2 s 0.26 

Adaxial 2 .• % £0.18 .l.S .t o.at 
L*n• cullnaris ~~ Abaxial 1.6 .t. 0.12 1.9 '* o.Vt 

Adaxial a.o ~ o.)a 3.6 % 0.41 
P.ba.seolus aureas Abaxial 1.4 .t 0.26 2.2 .to.,, 

Vtgaa sinensis 
Adaxial li .o .t 0.11 4.6 ~ 0.23 

Abaxial 2.9 z 0.16 '·' z 0.19 

• I· - lleaa • 
u- .. StaDtla:rd deviation 



62 

Table 31 

Denst ty ot Trlcbomes (NWDber/u2) 1D Plants Grown in. 

Pollute4 and CoDirol Environments (i zv- )* 

Species Pollu.ted Cou'trol 

A4aa1al 190 .t 19.7 130 J: 1,.7 
Cloer artetenum Abaa:ial i 70 .t. 17.' . . 160 t; t6.2 

Adastal 11~ .t 12.1 S,O.t 8 ..... 

DoliChOS lab lab Abaxial 13~ .& 1'1.1 110 .:t 11.8 

Adaxial 60 .. ~ 1·0 ltS + 
. - '·' Len e cull naris Abaxial ?O . .:t ?.1. 65 ·.t 8.2 

Adaxla.l 130.;;t t%.1 90.% 10.2 
Pbaaeolus aureus Abexlal 120 .:t 15,2 115 .:t 10 ·" 

Adax.tal IIO.z 6.0 .30 . .:,t '·' Vtaua sinensis Abaz:t.al 40 ~ s.o 
'' .t 

5.8 

* i - Meam 
v- .. Standard devl at1on. 
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9able '2 

Leugtll ot Trtcbomes (a) ill Plants Growa ia 
Poll a ted aa4 Coat rol lnvlroamerrts (i ;t cr ) * 

Species Pollated Control 

Adaxial J.tO .;t 17.8 lSO .:t 12.3 
Cloer arietenum. Abaxial 150 .!. .,. .2 tfiS .!. 12.8 

Adextla 120 .a. 16.2 ,80 .& ·g.a 
Dollobos labla'b M8t£1al 100 % 11.8 95 ~ 7~' 

Adaxial 90 .t ~8.3 .70 :t i·lt 
Lens cul1aar1G Altaxial 90 ..t 10.It so·.· 7-.0 4 

Adas:ial 110 .t ,,~, .75 .1 
,..,, 

Pbaeeolus aureue Abaxial ,, .t 10 •. 1 85 .:t ·6.2 

Adaxial ItS .:t 6.2 tao .t 4.2 
Vtgua atuoneta Abaxial so .t. s.s 50 ..t 3.2 

* i ... Heaa 
v- .• Standard deYlattoa 



fablt) J:S 

'otal Chlorophyll Coateat (m,g/a•) la Plaats Growa 
1a Polluted .aDd Control Envlroumeats 

Species 

Dollobus lablab 

Leas cult naris 

Phaseolus aureus 

Ctcer eileoatlnam 

Vigna eiliensls 

Polluted Control 

:s.:sos lf.aaJ 

'·''' ltt732 

2.621 3.929 

a.osu. ,.1]7 

3.1a1 3.5U! 

Percent 
Re4uct1oa 

20.9 

21.7 

J7 .• 8 

18.2 

11.2 



tattle 3't 

Plants selected tor Soaunl»i 
Blectna Microscopic Study 

t. Brasstca oleraoea 

a. Chenopodium alba• 

3 • Ctcer arietenum 

,. • Dol tenus lablab 

S • Lantana camara 

6. Sonchus asper 

7. Wi tbanta .. so.atfera 

65 



DISCUS$Itll 



DISCUSSION 

During tbe 1 ast decale there has lieeD a growioa 

interest 1n tbe study o:t tlle ettect o:t !llr pollution 

on. plants (Hadd and Kozlowskf' • 197$; Maastleld, 1971). 

Most ot the tnlormation available on tbts subJect ts 

trom tbe stud.ies made in Northern America and Bur~••· 

Air pollution responses on tropical plants particularly 
• under Indian condi tiona bave not been studied, though 

probleiB$ of air pollution are tncreasiug at an alarming 

rate (Parikb, 1977' Varstlney anct Garg, 1978). 

Most studies on tbe effect of alr pollution oa 

plants are e1 ther confined to morpbological affects or 

field. observations or are concerned w1 th metabolic dis­

orders studied under labo1·ato.ry concli tio.ns. Field 

e.xper1meuts tor studyiag the eftect on air pollution 

have not been widely utilized., Also tbo .impact of air 

pollution on epidermal features sueb as stomatal number, 

size ot stomatal pore, leagth aDd. densl ~ ot trlcbomea 

have not been systemati eally studied. 

fbe present study was carried oat to evaluate 

the ettect ot air pollution on plants in Delhi. Gross 

morphology, including number of leaves per node• leat 

biomass, total pl.ant biomass, total cbloropbyll content 

and epidermal features were studied to deterw1ne plant 

respons~s ·t.o air pollatl on. Epidermal teatures of 
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sevctn species (Table l') we.-e~analyse4 io detail, with 

the help of a scaoat.ns electron microscope tor evalua­

ting tbe effect ot dr pollution oa leat opiderm1a. 

severe leaf iaJury symptoms such as oeerot1c 

pa.tches, death ot intervelnal tissues GAd yellowing ot 

leaf margt.us were o~served in §<H!QhD§ .I!IU1~"• ACbf£enShJ! 

.t•aeri and ~l&cqu.§ lablab1 while the otbe.r plants 414 

uot have equal amount of 1nJur1es,. Tlleee inJory syllptoms 

appear to be du.e to both partloula:te matter anfl sulpbur 

dioxide because Darley (1966) reporte4 4ea.th of later-

veinal tl11sue 4ue to particulate matter pollution an4 

bleaching ot leat marain5 and formati.on of oecrotic 

patches to alfalfa llas been ascribed to sul,pbur dioxide 

pollution by Thomas (1961). 

Data to tables (7, a, 26 and 27) show tba'* leayes 

having pilose surfaoe were more inJured in comparison 

to plants having glabrescent leat su..-taee. Plants with 

glabrous leaf surface SllCb as CYDOf!SIJ df!CtX,lgn were 

least effected. It appears that plants baviq glabrous 

leaf surfaces are relatively realstunt to air po.llation .• 

In 11 terature 1 information on the relatton&hip between 

leat vesture and plant &Qceept.1b111ty to air pollution 

is lacktng. lleAce. it has not been possible to compare 

tbese observations. In future, however, .it is important 

to examine the relat1onsl11p between nature ot leaf. 
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vesture aD4 suoceptltd.l1 ty of plants to air pollution. 

The effects ot air polbltiob oa the gross morpho­

logy of plants are fairly significant (Tables 15•25). 

Leat area was found to be greatly reduced ln plants 

grown in polluted -eDVironment as cc:uupared to control 

plants. Lea1 biomass and total pla.nt biomass were also 

greatly reduced tn plants grown in polluted environment. 

Loss of yield as a result of air pollution has 

been a common experience. Consl4ero.ble reduction in 

the growth and yield in several crops •ere found to be 

due to su lpbur dioxt de aud ozone act1.rag alone or lD 

mixture (Relaert. U &l• • 1910). BedaotioQ in the 

growth of shoot aAd root bas been recorded ln l!lcingJ 

gat1vua due to sulphur dioxide (dld ozone, eitbcr alone 

or in combiaatloa (Tingley, .!1 .1!•, 197,ta). 

Reduction ln leaf al'eut lea.t btollQ.so aD4 total 

plant biomass wa.s maximum in experimental plants bav1ug 

pilose and pubesoent leat surfaces while IW,a f!iDensls, 
' 

which ba.s glabrescent leaf surface was leu at aftec ted. 

Agatn, 1D1'ormation on the relattonshlp between leal 

vesture and its relation to the impact of air pollution 

ln terms ot leat aJ"'EUlt leaf biomass or total plant bto­

~ss ts completely lacldng. Leat vestures appear to 

play an important role in detenalntug plants sucoepta• 

bill ty to air pollutloD:. Bcologioal slgnlfioance and 



oonststancy o:f such relaUonshtp need to be esa.aiaed 

in future studies. 

The present sta.,y bas ehown that cbloro pbyll 

. content in plants grown ln the polluted envlroament 

was llacb lese ln comparison to plan~~~ f.-om oo.,pollu­

ted areas (Tables tilt ):S). Rao and Le Blanc (1966) 

were the first to report .Qecrease in chlorophyll content 

t.a LiobeD .!.!&.9 due to solphur 41ox.t de pollution. 

Knlbotra (1977) bas also reported appreciable decrease 

in chlorophyll conteut ln ~&nus oguntrtt due to aqueous 

eulpbur dioxide pollution. The likely ex.palaatton tor 
J ' .obloropbyll reduction in plants exposed to sultuT dio-

xide is the degradation of tile photosynthetically active 

cb.loropbyll toto. pboto$ynthet1oally inactive brovllisb 

pigment called pllaeophyttn. It results from tile dis­

placement of the magnesium ion 1rom the center of gor­

pbyrtn. riug of the cblorophyll molecule by b'clrogea ton 

(,llao aad Le Blane, i966). lt mar be observed that the 

reduction ln tbe amount of obloropbyll is related to 

tbe reduction ia leaf area. leaf biomass and total plant 

biomass (Tables 14•24 aD4 :S2). 

Salisbui:'f (1927) after a detailed study on 

stomatal behaviour, bas suggested ·that numerical -varia­

tion ln stomata could be ot great importance tn 



ecological studies. Stomatal rcspoases towards euviroa. 

•ental stress such as buad.dlty (Salisbury, t927J Ayktn, 

1952; SoburmatUlt 1959) • light tntens1 ty (Paaourek, 1970) 

and altttud1Dal variation (Sharma, 1975) have been shown 

to be quite substaDt1al. Recently, Sharma aa4 Butler · 

(197), 1974, 1975) have shown that the eftect o~ air 

pollution on epidermal features ar• qutt• slgntt.icaat. 

In tbe present etudy the etteots of ~lr pollution on the 

aumber ot stomata, slze of stomatal pore,, density ancl 

leJ~gtb of trlchomes have been examtaed. 

The nt~~~ber ot stomata oli the adaxial leat svtace 

vas less ln t.be polluted area as compared to the plants 

ot non-polluted st tee. Btgh ·percentage reduction ln the 

number o:t ·the stomata. on adutal leat surface was ol)ser• 

ved tn plants llavtag mostly pilose and pubeecettt type ot 

surface pattern (Soochu! 112!!:• 1!rast1ea. 2"tr§O!f) (tables 

8 aad 9), wbere as slanitica.ntly low values were observed 

tor glabrous aD4 glabrescertt surface nature (qz:no!lpJ! 

,4agtxlon, c;alg!r!e&s meera>. ln experimental study 

maximum reduction ln the number ot stomata was observed 

in pilose leaf ,r C1cer arie~gnwa aJld mlrdlmlll la glabre­

scent leaf of Vtsna slDens:L! (Tables 27 and 28). 

Tbese observations are ln agreement w1 tb tbe 

studies of Sharma and Butler ( 1973t .1974, 1975) wbo ha'Ye 
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observed appreciable reaucttoo iQ the aamber ot stoaata 

1n f,Eltol:taa E!J!G!§• Tr1to11um ereteD§! and Acer §aqchaom 

grown 1n au envtroament, polluted with sulphur dioxide,, 

part.lcu.late matter and oxides of carbon ('fable 2). Con­

trary to tllte in qato;t;me&! .emcsra. crowing in an area 

havlug particulate aatter and sulphUr dioxide as ma.jor 

pollutants, an iAOrease la the nu.mber of stomata has been 

recorded by Yu.b.QS at'ld Abmed ( 1979). la a4di t1on, few 

atu4les have been con&acted oa the e:ttect ot gaseoas 

pollutants on stomatal behaviour. Some ozoDe sensitive 

tobacco 'Va,rieties ,ere found to have bigber stomatal 

f•equenoy (Dean,. 1912J McKee., 1973). In other study 

related to the effect ol •ulpbur d1oxl4e no relation 

was found between tbe aura'ber of stomata per unl t leat 

area ali4 relative s•ccept1 bill ty of plant.s (Z1aunermaraa 

and Bltcbocook, l9J6). 

The eoolog1oal slgnfttcaooe of reduction or to­

crease to stomatal frequency 1a respoase to atr pollution 

cannot be apeci.tied as there is a lack or consistency 

between numerical ?ariatio!l lD stomata and saccept1b1lity 

of plants to air pollution. Future 110rk on tile ettect 

ot alr pollution 011 tile stomatal . .frequency •lght be able 

to clart ty tbe sl tuat1on. 



Leaf vestl.U"e uut reduc•toa la aumber of sto•ta• 

however, appear to have so11e relationshl.p. Leaves wi tb 

pilose Yeeture were found to .snow substantial redu.otloa. 

Further wo:tlt on these lines utll evaluat• the valldt ty 

o.a the relatlonsll1p between leaf vesture ana variation 
·' . . ' 

ill stomat.al nuaaber duo to air pollution •. 

Ia pollut·fMI; :. eJWl.-omaent . tbe leagtll ot sto11atal 

pore oa the adaxlil lent surface was .f~und to be reduc•d 

(Tables 8, 101 27 and 19) • 'Plauts like ~Qncbug SBJ!0,£1 

!£B!819Jl tlcu:acee $Dd Ci·St£ 1£Je$~~qm lle:nng pllo.ae and 
, . 

pubescent leaf v•eture elto'Wed aaxtmwa reductioa. Oa the 

other band, leagth. ot stomatal pore ta plants SRob as 

.Sz.aodon dac,tzlon, ~alRtmet•. anurs anct !18!!! snoasla 

having glabrous 4114 glabresceni leat su.rtaoe did aot 

obonge mu.cb. Blectron mlcroscoplc study also support 

tbe redue tion 1n size of stomatal pore in plants from 

polluted areas (F1gs. 3-6 .and 11•:1.6). 

fbe alr pol.lot1ea was also touod to have cons1• 

derable effects oa tbe breadth ot stomatal pore. the 

breadth o:t sto~~atal pore was reduced more in plants 

· w.ith pubescent aDd p11ose leaf vesture as compared to 

those plants llavtag glabrous tllld glab:resoent leat surfaces 

(Table 8 end 11). However, it is .1n.terest1og to note 

tbat breadth oi stomatal pore :la pubescent leat .ot 



Dollobus lgblab aDd PJ!aseolus aur:••• and AObYrea!f!!!l 

aseerg. showed Jlaaill\llll recluc t10.U While f.!D!b!! Q&eer 

aA4 C,lpe£ 1£isjenua having pilose leaf vesture eshibl ted 

moderate reduction (fables 27 an4 '0) • 

It 1187 be observed that leaves wiib pilose leat 

veeture exh1b1tect higher reduction lathe length and 

pubesent leal in breadth O·f s toroatal pore as eo•parect 

to gla'brou.s and glabre& .t leaf surfaces • 

. Specitlc lllformation on the e1'tect ot air pollu.­

tton on the lengtb and the breadth of stot~atal pore is 

all together lacking. however, Sharma and Butler (1973, 

1974, 1975) have reported 11 ttle variation in the stoma• 

' tal size range 1a fJ'&Iollum £ftl!e!J!f '4'titgl11.\f! erateD§! 

aJld A£!!: uccllqgm growi.ng ln polluted areas. The 

aYailable iDtormation shows that the~ulpbur dioxide 

promotes stomatal openlag as reported by HaJerbik and 

Mansf1el4 (1970) in Uoig .!ll!l plont ~reated by sulpbtu• 

dioxide. 

Like stomata, trtcbome s also sllow coneiderable 

response towards air pollution. Increase ta the den.sity 

aDd length ot tricboaes were observed ia the plants ot 

polluted area•h 



Ada1tlal leaf sartaoe bav1ag ptlose vesture 1D 

son(:hus f!.sper and Cioer artetenum showed approc1able 

increase in tbe dens1 ty of tri·chome&. Changes in leaves 

havlq glabreacent eurtace ln plants like J!lolaus ~giUDard.s 

and Vl&P.! ,!U'lesis were aot $l&Di1'ieont (tables s, 121 27 

and lt). 

Cuns14erabie i.acrease 1n the lengtb :ttricboraea 

was observed oa adaxial leaf surfaces 1n §onohus lf!Pet 

and asper Q9llcMs labltJ) havtag pilose _, pubescent leat 

vesture respeoti vely, whereas glabresce.nt leaf vesture at 

adaxial surtoee in ~benoeod~.H albym.,and fl&na atnetl§i§ 

were aot promillant (Tables 8 1 131 27 and 32). 

Studl.es done so tar on t.he etfect ot. air pollution 

on trichome obaraQter1st1cs also support tbe above obser­

vations. Increase :tn the delisi ty and the leugtb of 

triobomes were reported in Tritoliu,m .re1e¥,, :,t'ri.l~l&Q 

f!l"g~enu and ·Aoer eaocbarum growing in areas polluted by 

sulphur dioxide, particulate ~tter and carbon monoxide. 

(Sharma and Batler, 197S, 197'*• 1975) • Similarly blgher 

trtcbome densl ty in .PJ!lo,troef. e arocert bas been reportel 

ta plaD ts polluted with particulate mat tel" and sulphur 
V' 

dioxide (Yunus and Ahmed., 1979) • 

Increase tu density and length ot triobomee also 

appear to have some relationship ut th leat v~stue since 



-
pilose and pubesce.tti lea:t were generally touoct to show " 

greater iaorease 1D the, length d4 density oi tricboaes. 

Further sta•Ues o11 these aspecta are required to 

draw reliable oonolus,ions aa4 to elucidate tb.e mecbaai&Ja 

of action of tile air pollution on leaf triohomes. 

tbe abaxial leaf sur:tace appears .to be relatlYely 

resistant t() air pollution 1us compared to adaxial leaf 

surtace. Tb.ougb the number ot stosaata .also· decrease 

slightly on the abaaial su.rface1 they do not reduce more 

than ·20 per cent (Tables 9 and 28). S1milurly, the slze 

of stomatal pore remains more or leas unaffected, on 

abaxial leaf surface escept Q.~~gtgel,f! .emoera, Achzranthue 

l&ftl".fh Do~ich'!! l&blflb and ,Phassolu.q yrees wbere decrease 

tn et tber leogtb or breadth of stomatal POre •~ aroond 
' 

30·16 per cent (Tabl,~u~ so, 11, 29 and 30),. 4s expected, 
,, 
~·~-- .. 

lengtb of triclloae and their density were not as mach~ 

affected as on a48%1al leaf sur~ace (fabloe U!, i:S, ll 

and '2) .• 

Very tew Gtudtes bave attempted to allow tbe etfeot 

ot air pollution separately on tile tlfo leat surfaces. 

Reduction ill t.be ~u1111»er of et.omata was tou.nd to be more 

at the adtlXial leaf sut·tace tn !rJ.fol;,&y £Gpena aD4 

Trifolium srat!!!!t! (Sharma and Blltler, 19731 1971t). They 

bave also reported tbat shmatal slze range at abaxial 



and adaxtal sur:taoes remains more or less the saae. No 

study bas leen done to compare the response ot trlcboaee 

to air pollution. on the two leat surfaces. 

One ot the likely explanation tor oomparutlvely 

resistant nature ot abaxial leaf .eurtaee1 as observed tn 

present study coulcl be that the abaxial surtnoe is not 
Q 

. equally exposed. to air pollution when cotJparect to adaxial 

leaf surface. 

Stomatal reduction 1n the plaate of polluted area 

appears to have some adapti"f'e $1gn1tl.canbe. Sbarma and 

Butler (1974) bave strongly argaed that ·reduction ln the 

number ot stomata belp the plan.t in reduct-a tbe dl.ttu.• 

slo.o of ga&eotas pollutarats into the leat. It seems that 

reduction ln number ot stomata eoald be due to interfere­

nce of pollutants in the normal development o1 stoData 

at a talrly early stage ot their tor'-'**loa. 

Sbarma aad Dtatler (1974) have also suggested that 

changes ln the length ot trichome and tbeir dens1 ty bo.s 

adaptive s1gn1tic.aDOe tor plants as ~t helps to reduce 

tbe temperature ot leaf surface as well as they may also 

protect tbe leal aurtace and stomata troa particulate 

matter. The loag and denser trtcbomes may also bave 

oppos1 te e:ltects since lone an4 dense trichome a would. 

trap particulate matter more ettectlve.ly. It seems tbat 
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wltb time the deposition of particulate matter will 

toorease aDd 1 t may thereby 11l0rease the leaf tempera­

ture (Iller • 1977), vi th its obVious ett~ots on bio­

obeliltcal reactions tn the leat. 

tbe stuc:tlcs made so :tar oa tbe effect of air 

pollution on leat epldemts 1Dd1cate that· the eplderll&l 

features are very sensitive to air pollution. It appears 

likely that adaxial leat .surface bav1ng long dense tri­

chomes are 110re responsive £l& comp~lred. to &labrous 

leaves. Epidermis on adaxial leaf surtace may serve as 

a biolndicator for moattoriug air pollution,. The aee4 for 

a relaiable bioladicator of air pollution caJ.Ulot be over• 

empbasized for an effective environmental molli tortn&. 

Air mont to ring .astng a siruple and inexpensive bio1Dd1ca• 

tor 1 s of great practical help tor improving aDCl conser• 

vtng air quality. Concept ot blowoni tori.ng ot the 

euvirooment wt th tbe help of an indicator organisms 

is receiving considerable cttent1oa (Puckett J!! al., 

19711 Rao, 1977). llecently introduced concept of 

"Mussel Watoh"t 1.e •. 1 utilization ot bivalves as sen&t.rael 

organisms tor indicating pollution by beavy metals; 

art1f1cial nucletde$; petroleum components a.D.d haloge­

nated hydrocarbons in. t.be coastal areas of the marine 

envtroament l.s no• gaining llllCb impo.-tance (Goldberg 



~~ .1!•, 1978). · Similarly, leaf epidermis could be 

developed as a corwt.aeat systea tor mcud. t.or1ag alro 

pollution. For tbi• purpose sy•teaaa.tlo work on a wide 

variety ot plaats ts needed t.or selecting and staudarcl1• 

zing appropriate plaats tor tbelr leaf epidermis. 

Studies oa tbe ettect ot indlvidual a.ir pollutants 

on tbe leaf ep14ensts all4 4etatled analysis of the 

epidermal &turfnce usillg "anntng electron microscope 

td.ll be of great practical value~ 



CUAPTER • Y 

SUMMARY 



SVHIU&Y 

.Steadily tuc:reas1ug problems of air pollution 

·have proJIOted tbe studies related to tbo effect ot air 

pollutants, vta. sulphur diox14e, particulate matter, 

carbon •oraoaide an4 bydroearboDS on plants, animals 

and materi..als. Plants seem to be more vulaerable to 

air pollutl.oa than aDlmcls. Pos-..tion .- structure ot 

leaves bave made thera to sutter most due to alr pollu• 

ttants. Leaf ep1derm1s, being tile outermost layer to 

come in continuous contact wl tb. air pollutants ts likely 

to IHt.Ye 110re severe e.:rteots. Ecophysto1og1cal stadtes 

have shown tllat 14!&1 ep14erm1s ls seuttive to louddity 

(Salisbury, 1927; Ay"tn, 1959) • light 1ntens1 ty 

(Pazourek, 1970) and altitll41raal variation (Sharma, 1975). 

Host ot' these studies have beeu done on plailts Wlder 

temperate regloos. Comparable J.Dtormatlon oa the e.fte­

c'$s ot air pollution on tropical plants 1s .tragmalltory or 

lacking. 

Tbe preseai study wa.s 4esignecl ~o exatlltae tb.e 

ettect ot air poiluttoa caused by Iot'lraprastba Thermal 

Power Station (Nev Delhi) oa leal epidermis. For this 

purpose, tollowt~~g tea plants nz., Acbz:rythq.a tsnra 

Brt!!,~CJl tletacef!:J Celptrpp1J! argcera; fJbJD01ot1u• 

tlllg, Cznodon sJIQt:r!gn; ~Mtl!!f! RMQ!l\t Nerium iodl99• 



80 

II01!!• em•D1&h §.!nehua ,,,, .. and Wl , ••• • ~·-•'•ED• 

coJUJOD to three Sites A, B and o, representing deorea• 

aiD& levels of air pollution, were selected. on.rYa­
tlon$ regarcUng visual i.DJury symptoms, number· of stomata, 

eiz·e o~ sto111ata1 pore, 1eagth and density of' triebomee 

ancl cbloropbyll ooatent were made tor plants grown 

both ill the polluted and no~pollated environment. 

t:b.e effects of' ~r pollution vas clearly 't'lsible 

ta pl1111ts growtag neu.r pollution source as th.e1r leaves 

exbiblted typical visual iajury sy.,toms such as 

necrotic patcbea, cblorosls an4 death ot 1aterven1al 

tissues. Alr pollution eeeae to reduce the DU~Dber of 

stomata laa plants.. Length end breadth of stomatal 

porewere also tolllld to be suftieleatly lees tn plaats 

tna pollu.ted area. file density e.ad lengtb of trichoMa 

were tound to be higher ia plaata from 'tbe pollutecl 

environment • 

All experimental study was 4esigoe·d. to eont1r• 

the above results. Five plants, vlz., Q!ceE ,er1e'!f!DUm1 

J1ollchog lylQbt PJ!A!t!lus QUt;eU§h Len1 gu~&!JA£1! aad. 

VignA sinensll were grown 1.o polluted en4 noa.-polltl• 

ted areas to observe tbe changes ln gross morpholoQ' 

(number of leaves per aode, leaf area. leat biomass and 

total pleat 'biomass). epidermal teatares (number o1 



o-· oJ... 

etoma·ta_. size ot stomatal poret trichome leqtb and 

their density) and. ohlero.ph.yll content. 

'l'be ett~c't ot air pollution oa experlment.al 
' 

plaate was :found to be aore or less same oe oi»1Jerve4 

4ur1 sg the .r-.e14 stucSF. 

Kos t of tbe plonts · .fJ"om polluted areas bavo 

exhibited tbat t.lle act.Xt.al leaf surface ts JDOre succe .. 

ptable than the abaxial l~at sart ace. All apparent 

relattoxu~bip was toun4 between leaf vesture alld 

changes !a epidermal teatures, as pilose leal Yeeture 

ehow oon.siderable changes la aumber of stomata,. length 

and breadth of stomatal poJ'e,. tricbo.-e le111tll au4 

4ens1 ty, uader the influence of air pollution. 

The results of the presea:t study reveal that 
a.J.o..)(.IM 

pilosetleat surtace ts e.xtretaely sensl ttve to air 

pollution and it bas tbe potential tor b~t-. deve­

loped as a suitable bioln4t.cator ~or moat'&or1ag air 

pollutloo. 
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