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CllAPT ll I 

I Nl'ROOUCTION 

l ndia is a davalop1J18 country, After 

lnrtapendenea , IIUCh ttttantion vu paid on the aatabliahllent 

of 81!1all to bl& lnduatriea w1 th tha object of soh1nill8 

aelf auff1 c1ancy and increu1J18 aaploy•nt potential , 

'lllriiiS thle phoo .. , auch atrau vaa af. vea on the •~nolllo 

banef1ta of induatr111zation vhil e laut attention vaa 

paid on their h lllful effects, 1'he rac>i d induatr111zation 

hea now posed many problou of env1ron•ntal pollution, 

1'he fa.,ua epiaodu of alr pollut1011 1) naa 

valley of Selaiu ra in 19:!01 2) nora, Pennaylvanla, u , s , A. 

in 19'<81 3) London, u. x., in 1952 and Bbopal c aa api110de , 

Indi a in 1984 hoova provided lll.an1f1cant avidanoaa ot their 

vorat afteote, Theea epiaodea have pcaad CleftY queationa 

and opened a new area of raaearch. 

nurt.na r ecent yeara , incraued de1111111d of oaMnt 

for in®atrial and urban t!evalopa!nh haa cauaed rac>ld 

•"''anaton of ceMnt fectoriea in I ndia·. Tbeaa induatriea 

are oo&1 03 robleu of p rtt eulate ald. aaiona around the 

tactorlaa, Ce•nt kiln duet ta a lld.xtura of oalctua, 

potauium, alumlnlull, aodiua and a111oa ollidaa. ~~ laat 

20 yeara , nu•b~r o r oa•nt factartea have been 1natalled ill 

V1darbha r eaton. 'l'heae tactorioe - ••ad. tt1118 l ar£• 
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amount ot ~uat in atODOapMra, Tile dud aattlaa on cropa 

and aoU in tM eraa a."''und tM tecrtoriaa and toru hare! 

cruet when 1 t oo•• in eon tact v1 tb .,1ature, cropa .zacl 

vea a t aUona in t ba 'fie1n1 ty ot factori aa nave bMD 

raportacl to ~ c!a ad by duet pollution, .rul attach 

ot particulate pollutant& on plant arovt b ban bean 

raportacl by 11 b anc! ~.o ( 1980 •• b) 1 Lal and All>aaht 

( 1980 , 19112) and ' bll .. ai .!! .1!.· ( 19711) . 

Cona1dar1 the adv••• ettaota ot duet pollut10ft0 

preaaDt 1nnat1aat1on on • Sttact ot duet pollutanta Oil 

arowt b, davalopMnt anc! yield ot wheat• waa undertaken to 

tult:ll 1bllowl. objecti vaa 1 

1) To atudy tba co erati,. attact ot eon and ca nt c!uat 

ollution on rovtb, ••al •nt and yield ot wba t, 

2) To tine! out detri•ntal ocnoantretion, 

:5) To aaaaaa t M yield loaaea, it any. 

• * • 



.. ... .. 
kind. or env1ronuntal pollution that haa bMn reported 1n 

aoat 1nduatr1al to'lllla and Mtropol1 tana or In41a and 

abroad. 

Ma r aouro a or a1r pol lution - p 

and a aaeoua .. uar wh1oll a at ralaa .. d by the urn1 or 

foas11 tuela auoll aa coal , patrclaua ate. Cut of thaM 

coa1ea a variety or allllaa1ona ( 1) t:l.na part1cl a (laaa than 

100 p. 1n dh) ( ) ooar .. r part1 cha (owr 200 ).Ia ) • 1 a 

CArbon art! •• en hea't'Y ust th t 1a qulcltly raao"d by 

arev1 ty f"roa tha elr. 

The tone effPeta of particula a .. uar on an1aall 

ant! huaan can be cl .. alfhd aa 1) 1ntr1na1o told ity due 

to chu 1 1\1 or phyalc.U propttrt1 .. , 2) lntart ranee with 

cl earance •ohal!.1aa in the reepi r atory tract , or 3)tolld01t] 

due to orbed tone aubatanoea ana v-rar1n ~ ~ 
( 1971) report ed particulate a1r pollution at.tua in USA 

A11-ne.x.t \A.-vt- 1 . 

2 . 2 Orovth an4 oavalop•nt 

Pal roe ( 1909) reported that aaall oeaant duat 

particles clcs tha atoaata ot oak (.ll!!!!:S!J ~), truU 

t:r••• aad ar~&~• lld.nea. The ooara partlclaa t oraed acre 

over the atoaata. 

The aocuWJlation ot duet on the .urtaoe ot leavea 

conat1 tuted aeinly a aeohanlcal inhrf .. anca \d. th the propa 

exohan&a of tho .. &aaea concerned 11'1 raa'()iration an4 

photoayntheala vhl oh alii ht b ra or leaa 1njur1oua. 



.. ' .. 
A.,.,Tle~t\t.vr. ~ 1 . 
4~ 

~ Part1 oulah t.l.r pollution atatua in u. s. Ao 

"'ource 

1o '\Jal collbuatl on 

""'d.aaion in 
par year 

":laotric u 1Ut1" !nduatrlel ua 
2 , Cruabec! atone , unc! c! Ora.,.l 

3, N~rloultural and '\alatf!c! operation• 17,61'! 0000 

~ , Iron c! anal 15,64 ,ooo 
5, O.•nt 9 0 !111 0000 

6 , Ll• 5,'713,000 

7 . Cla:t • , 68 , 000 

e. !'ertill,..r and phoaphata "lock , ,27 ,ooo 
9 , Patrolaua ra11n1D& ,.,,000 

10 . Aaphelt 2,18, 000 

11. Farrcelloya 1,6o ,ooo 
12. Coal olaanln& 911 ,ooo 
1,, carboo bla<* 9',000 

14. Aoic!a 16, 000 

15, Non rarrous ""tela 6 ,02 ,ooo 
16, otel 1080 081 ,000 

17, lcrmal atanc!art1a tor :d ma 2- houra "''Il. aai on 
" articulata ttar 

a. staaa powr lanta 
b, -ortlanc! ceMnt 1 

o, Clinker coolar 

0 ,1 lb/ llloe 
ts kiln 0 ,3 lb/ton •d 

0 ,1 lb/ton 1'Hcl 
c! , I'!Unlolpel inoloaratora o,oa 1rain/aot at 12" CXJa 

0 ,15 lb/ton aold(P-2304) 
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r>erley ( 19( 6) demnatrated that the tlner 

perti olea or certain ce~Wnt k1ln duets collected troa 

aleotroatat1c pr ecioi tatora did inhr!..-e w1 th ""' nchenae 

111111 in some ees<>e c u ~<! cnnal <lltl" '>le lea! ln-"try in pinto 

e !t, tnjury reaul ted fro a the collblnattcn of a 

relatively thick eru.t eooatt !lftd tile toxtci ty of elkallna 

aolutt ona for•d when duete ,..,.. depoat ted in the proaanee 

of tree 110iature, The raauUa fUrther •~aeatad that 

oelc1ua content elone ! h1: not be the only indicator o• 

"hetl»r a duet llll&ht be lnjurloua , .xtd 111ch .,,.. needs to b1 

known about the etfeote ot the interaction of ollell1 cal 

oo~poel tton , particle alze .nd depoal tion rate. 

Sin&b .nd rtao ( 1968) conducted tba nper1Mnta to 

•••••• tba o!feota of oeMnt duet on pl.nta, uaifl& wheat 

•• teat plants Ulld..- pot culture with open top pol.ytbene 

c helllbar. cement duet was dusted un1torllly on pl.nta dally 

tn the morntna when t hey .... Ao days old et the rete of 

7 a / a2/ dey. ruattns wu oanttnuad till the planh attained 

the aa• of 100 days, " eaul ta shoved that the dusted plante 

nh1b1 ted etunt~ ~rovth, aOOOIIIPenled w1 th reduotlone in 

htlllth of their root , aho 1: , total anc! etfactiw tiller 

nulliber , leavu and a ra1n per eplke , P:lnaral cantenta of 

clue 4 plants also d1 ttared tree control , 

'Kannin~ ( 1971) tn.,.atiaeted etteoh of continuous 

ell1saions of U•stone dust troa quarries l.lll<1 proeeasina 
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planta on leaf conc11t1on, 1'oUar diaeaaa 1nCII.denca and 

leaf IN!" fee. d. CI'01'lora ot native wild are~~ •• · ••••tab'•• 
and bellloclt, cr.., a .nd s .. utraa la ... aa w1 th .. ~•rata 

duata depoa1 ta had DOra tuns al leaf apota th.n co ~~parable 

1 .. .,.. without vialble duat clepoa1ta, 

rusty rr.>a 

in colour then aavaa wi hout duat ~epoaita , but all ware 

co.,ar ble in ai e . 1'be r nel nh rorlh ot haal.ooka 

with he .,., dua d oai ts was 1raatly reduced 1n la.111th when 

COli!> cl to tar nal nrowth on halllock 

viai'bla duat da oa1 ta, 

.ndt aM Rhoadaa (1972) datara1na4 the atteota 

ot duat acculallat1 on on atruotura ll'd oo11poa1 t1 on o t a 

toraet colla.lll1ty, The aiha ,..,.. ailll.lar 1n all r .. paot 

axcapt tor duat eocu.W.atl.on, ona lllta, the control , had 

auanUally no duat accuaJJ.ation, wbaraaa the other heel 

heavy aocuaJlaUon troa UMatone roceaal pl.nta. n 

co ~~pared >4th the ooatrol a1 ta, a11n1 1'1 cant ohe~~~aa 111 

atructura .-d oc~~poa1 t1on ,..,.. obaarved in the aeacl11 

ahrub and tree atrata of the ""l'•rl•ntal a1 te, Leadilll 

4olllnante ill the ooBtrol a1 te ware ercua prlnua, _2. rubra, 

and ~ ~. wberaaa those in tbe 4uaty 11 te were 

_.!!!!!:!! .!!!!.!• _:, rubra an4 '1 Ylodandron tulip! t•ra. 

anclt nd ' hoe-1•• ( 1973) racordacl annual r1111 

ae .. urabnta on tour tr" spaclea to datarl!llna the attaota 
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o f 11• atone duat on 1 eral &Mwt h. '"he re uctlon tn 

l a ral a rowth of t l f'aa t 180C w a a wn or~ rubrua, 

oRrlnut and - rlbra, !..teral srowth of !.1r1odendron 

tuliplfere vaa howe~er , 1ncrel!84 by 76~. 

1en&aaaiiY !l ,d. ( 1973) obaernd 1nc-e ae in 

oo..,oa1t1on and frequency of a eoiea in tbe .asetetion avey 

troa tbe Yicinity of tblt ,.,kl atack. l'oat •eera of tbe 

vaaetatlon poaau!ld aa&ller lea~ea >11. t h tblt e:.rcaptlon ot 

tev vhioh hetl ...Uua ai1tld leevea. The bro..S lee~lll plenta 

were tot~y ebaent in thia aaa. 

Jl.nha ( 1973) r eportlll tbet t blt aver... duat 

dlach ad into the at,.,apb.,..e tl'll"o h everal oeaent kiln 

obl eya aaountld to 1 . ~ all llon tonnu/ ye into the 

atmwbere. A !)~rt ot t he ttne wera ea 10nt1on 

ttnally eac~t~~ .. to the r tlrouah ohi., ya d ollu •• 

t he at.,aohl!re which n y retard the ~rowth of tblt ~ etatlon. 

!Ohntt ( 1074) ate ad t t duat !rca oe...,t worka 

oont na ~ to ~0'11 11• d 1' to 20" a1ll~kac14 , vld.ob 

har...S the arowth ot treaa , 

? arthuarathy !l .!}.. (1975l oon4ucted e !rl•nt in 

the ttelda nearby a ce•nt f actory, O!•nt dust d oait 

~arlee! w1 th tba dlatance troa the ld.ln. It vaa obaarwd 

t ruot fourth end tttth leet ot lllaize crop had co..,aratlwly 

., ... duat then tblt !1rat three le vea troa tblt top, Till 

ceMnt daat depoai ted pl anta howecl au;>pr eaaion in .,,, ot 
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the char ct ra llkP hei t , ,. f e1 u , nuE>er end si•e of 

cobs , when COIIDt0!'8d to 1 nta in non:>ol ub.S n lla, 

'!'oth and nanua ( 1975) nolud..S troa ot cul tilt's 

end tt.ald •"Pft't•nh on soil polluted 1d th Auat troa oe•n 

worlr t il t the a~ova und !'lent dry .. t-ter ot oat an1 the 

t uber starch content ot ~ o atoea were • rkedly de sed by 

~o lute~ 1011 al co~ar 1 to ntrol on unnolluted soil , 

Fo lut1on increased the contents of 

1rs1n dry setter of oeta 4 Ca'l and 

c.t t er or potatoes. 

~noaek (1976) studied the ettect ot ce.nt duet 

on .. ..,en species aro..t.114 at nrtoua distances troa a oa-1 

worlra, It wu o baer'HI4 that .!i!!!.:m!.l an4 .:o..a:::u=• 

~were a eit1ve to cluat olluUon, 

p nttp ra, ~(l"runual ~ • .::1!!l.!J !!1:1!:41 r opulut 

~ and .!!·.1!!1.! • wed tolerance, 

~h>..Sea ( 1976 l obaft"ta4 snare ~ll II" chloroeia , 

leaf' • rc e., ny1 r ch .Ua- b ek ant! t 

ot 2•Pr1 ua , _:, ... lutins, .:,rubre, ~cooc1n•• !!•~ 

arovi und ... c.•"' dust 11uW4 enuron .. t tro• 1 ' tc 

1940, It w s oonolu.S.d that acid l OVi species suo •• 

,£. prtnua ware able to obtain certaift enenti.-1 nutrients 

•• soil pH , uea in the atreo ed a ...,.. a nora.-lly b:l&l 

Obll .. od. .!.! .J!.• ( 1978) reported that oeneot kiln 

duat depoai t Yariet! 1d th tblo orientation or the leaves end 
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11sx1aua duet ~epoai Uon wae obear'Wad 1n tba a1ddl a &roup 

l anea. Tba pl ant ba1&M , nullbar or lea.,. e p r pl ant 

and number of bolla par pl ant ware lower i n t ba pol luted 

cotton pl an ta when coap arad t o thaaa or tba non-polluted 

pl anta . Tba ce at kiln duet pol l ution .... to attact t he 

photosyntheti c procoaa and nutri ent upt8l<e or t he planta 

whereby , 1ntarrert tba arowtb an production potential . 

Hanua and l'ot b ( 1979 ) oarr1 ad out ohellloal and 

chro t car apbi c anelyei a o r WI 1n bean (!>t-aaeolua 

~ ) duatad 1n the 111t atoaa o r de 'Welopaant wi t h a 

ce nt factory duet ant1 a owed t hat the e''" t•nta r reduellll 

en t ot SuPers war .. l o_. t hen l"n unduated control plant&, 

nry aattar cont ent o f the 1•~.,. •• but not tba atau , of 

duatad plants .... higher than that of the control planta. 

~ated pl ants ahowad hi&b cellule .. and l ow atarob contanta 

.. coap-d to control planta. 

rke (1980) llad oaMnt duat t o t he laa'WU of 

~'ellt!!t hua tnnuus 'fer. 011:. 70 1n uanuu .. b ... d on the 

all1 u 1on valu .. of t ba 'lma ca•nt kiln. t a;> U a4 at 

" aJJ par aonth da~~~~&ed crop aUahtly. Attar 1" days , 

hai&ht vaa radu d by ~ . 5" d c011p_.ed t o control planta. 

At 100 daya , the parcen t c e raduOUona ware found to be 1n 

total leaf ar .. by 5. 1 1 atoaatel raah t anca by 10 1 

phatoaynthet1c p1a aant o<l'ltent by 5.7 r .. p1r et1on rete by 

10. 9'11 and oatelua aot1..S. ty by 22" i n due tad plante. 
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~llillh and " ao ( 0) reported that the ceMn~ duet 

dapoal hd on pl ta interfered ...t. th t •.ur crowth and 

danlopHnt leadinc to r .. duotiona ln thatr aewral 

110rphcl leal ch ractera lib 1 th a!\11 nullbar or roots, 

aettin, o r art etad pl an•a vera 

The sa ch •• van na&atively oOM'e a ted >11th the 41atanoe 

troa tha aource ot duet eld.aalon, 

Uorka (1981) atudtad the affect ot aant kiln dua~ 

on maize plant . It was noted that ln nu ce of the 

cont inuous oolluticn, tha leaves baoa• evwy covered >lith 

eeqnt. As a result , the ha1&ht of the plant wee daoraaM ... 

The initial aaall 4a rea of pollution had a poaal t1va 

affect en tha &rcwth uta of the laat blac!a, but the 

dnalcp....,t ot the oellellt cr~~at had a 

dust layer blocked ato .. ta thus, oauainc etaturbanoea in the 

carbon assl lation and in the beat and water r811•• of 

the plllllt. 

Ita ..!! .AL• ( 1981) reporhd that pl nta of ..tnter 

wheat cv, zostaya 1 0 1ankut1 and ''ovin 10 , arc"" in poh 

or in f1;•ld plots ware tr .. ted >11th 7 or :50 a oe•nt duo~/,/ 
leaf surface ev.ry :5 days t•rausl()>ut the 11'0>11111 aeaaon. 

r ol lution oauaad reduct1oo in ploot hat&ht , <!ry .. tter 

aocullllllation on4 ear alze whll e eo• aara bees• dator•d. 

~rfecta tended to tncraeaa w1 t h inoreased r ate of applied 

dust . 
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Jorka ( 1985 ) no ted delayed a rowth or pea pl a 

a ro..n i n pruence o r l oo fta cellllnt duet by ~-6 deya when 

co~~pared >d. t h cont rol pl ant e. Th<'re waa a delay in tlowr

i lll while fertilization phaaa ••• ahcrtanad, r:t>ntalll.nated 

p t a ..,.... t aller anti • wed al'larp deere ... in the intrnat ty 

of ""''• Uo ~e<>ratl etl on proe aa~a 1n u<U 

anzy• acti v1 ty an<! raap1 ~ t i on t ntenat ty. 

oatal .. a 

J arath .!! .!!• ( 19 51 studied tl>e e tr..ct or oa•nt 

d.uat polluti on on " e t a tion &ro.oinp i n t he viCinity or a 

.,..,nt f otory. """""uton •1>-1 'I aauras • ., . and 

-"'==.:u-•r . s hove • hi ~ heat aenat t 1v1 ty to ceMnt duet 

pollution. A., ".t the traa apac1 .. , tlowerilll end 

trutti was c:onapicuoualy ab .. nt or reclucacl on the aida 

f eci tba factory. The ba1a bt o r tba plants wu alae 

e craaaed. w1 t b the e c:reeee i n dia tanca ~~~ tba f actory, 

.lrlde ( 1956) M aaured. chon •• in tba riiCiiation 

balance (albedo ) of llaize polll.lted. ..ttb caMnt dust. It waa 

obaeryed. t hat radiation 1nt eke of pollubd plallta waa 

incraau4, 1111d thia 1ncreaaed plant te19e >'...t"~•t c.-ncl. 

aviiPotranap1rat1oAo ~&bar ra<Uation Yall.lea did not haw 

a poet t1 va a f fect on dry .. ttar product! on. 

'lorke ( 1986) r_,orbd. tbst the tl o t1 duet fr'oa 

the oe•nt worka aattled llainly on the lee'VU or tba winter 

bsrley, forlll. a -. or laaa oontinuoua oe....,t cruet 
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nteraction ot traquan~ 

•111811 qual\ti U"• of pr&o1p1 tation end lllkaline oeMnt 

duet reoul.ted in p Ulll a i er a in:lurles to tt. 

1•~••• · '!'be • nerati or ana o t "llat con nilla eel 1 anh 

aho,..t! untn • c! ftlo nt ancl ar wth1 t. nu..,er 

Sal .!.! .!!.• ( 1967) reported that the oe•nt duat 

11&n1 11cantl:r attectet! the hei&ht ot hal'(~ SJJ&l t 

wheat ('l'tl t1 oua n!!thus) en Alai (! tnua us1 tethair•> in 

the Y1c1111 ty of ce nt f actory, 

Aarewel .!.! .At.• ( 1968) repor ted foUar 1nj\lry 

ayapto in tor• ot culoroata. oro!la end cruet tor .. uoa 
ill .oat of the plant apt>ciea arolll upto 2 krfl area 

aro1111d the ce~~~mt r~ctory, 1o ftrt ill case of 1!!110 iv 

.,,,,. c lotroph prooere, "uldt aubrella and~ liP • I 

no uch ayaptou were ob..,.,. , The duet d olllt 4 on 

laafta ar...Wolly <leere.,.ed at 1 noraan1 diat ce tro 

ce nt plan , '.xiftlll at e!lOaitlflD of , 60 a•• 2 leaf 

aa on Y!!>!!1fara ~ and a flillir• ef lt , 5() aa·Z l. .. f 

area on ~cl,u• ap, ...,.. recorded J a diet noe of 0 .1 ka !fB , 

troe the oaMnt factory, 

ouna-.nt .!.! 1, ( 1989' reported that the ce•nt kil.JS 

axheuat 

The deleterious etr.cta 

len•• 1nolucl.ad reductl 

and anatoay ot plenta, 

duet on tbt aorpbOl 1 of tt. 

a1E• • neorolla t chen&• of 
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colour , curl1n1 o! l aavaa a te, lnato 111oally, the leaf 

tbiokll~u w a al t erad, The epi arllal cdl wall was 

aodi tied , '!'be api <1arlllal call nulll>ar wu 1noraue d, 

Hovever , t he 11 sl.za was dttoraued, 

Swalll.nathan !11.!• ( 1989) observed retardation in 

plant arowtn, naoroa1a, cracka, injUries and border affect 

of trunks , branohu and laavaa or ao• plants due to 

ceMnt duet Cl.apoa1 tion, 'l'ba erfecta included. plU&&1 or 

ato .. tal par turaa , oloajlura or atoBata , da1braat1on of 

&uard oella and lllalror .. tion ot aubaidiary cella. Tbeaa 

attach in turn r educed the r ate of photoayrtthaaia , 

o~r~hydrete contf!nt an!1 r•t• or rea 1rat1on wl!l cllled. to 

retar4•t1on in &r<Wth of the planta. 

r r aud an« Tnaflld (1 90) stu1hd tha atfeot or 

e•nt l<Un dust poll uti on on bl ck area ( V1&nt .!!!:!!!12) • 

The •nt kiln duet pollution daorataed ha1&ht and nUIIbar 

and aha or tlovers. 

Gunaaani and 1~ juman ( 1991) obaer""d that the n .... 

pr .. ant in the vio1n1 ty or e ca•nt factory wu hu\'ily 

daposl. ted by tha kiln elfhauat dust. Tba IIOr'J)hOloay and 

anotollY or the plants ,..ra .rreoted by tba ca-t kiln dust, 

Tha aerial parta of all tha planh atudied ,..ra tully ooatad 

w1 th tba duet . Tha dalatar1oua arracta or the duet on tba 

110rph0l08Y ot the laevaa .,..ra upreued by the reduction in 

aiza or the l aat , neoroaia, deacad leer ...,..in, chan& a of 

colour, curllnj~ or lanes etc. 
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Praaed and Inaal.ar ( 1991) reported effects of 

oe•nt kiln duat pollution on arowth oh ectera and yield. 1a 

V1ane acon1 tifolla , .!·~ and .!• unaulouleta. Polluted 

planta or ,!. acon1t1fol11 exhibited 50" reduction in ehoot 

llnstll. Phyto~~an waa reduced upto 71 . 78" in .!• unauiculetl 

while root/ahoot ratio waa 1noraaaad upto 26. 43 t1w 

nullber of fruits waa reduced upto 63. 28" in .:t•!:.l4ll!.la. 

Anony • ( 1992) atudid tha etreot ot araded d.ca11 

( 1 1, 3 1 I!Dd 5 a/,;) of ee•nt duatin on cottoa plante 

daily tor 50 daya. Ce•nt 4uat1ns dtloted ph)'a1olaa1 ce1 

charect•• llka dry a tt ro<1uct1 n , lleto•yntheaie, 

leat ere&, L AI , '10'1 an tiA" n111 tly. 

~onJ'II(IUa ( 1992) ren.rt 4 that the '"fttinuoua 

ce• nt duatins et the rate of 1 to5 a/rfl deily tor 40 daya 

on aoybean crop a1&n1 t1cantly reduced tha plant hai&lrt by 

9 to 20~, le~ t nua r by 13 to 32~, chlorop~ll oontant 

5 to 1 ~~ l eaf area by 7 to 11 • , 13 to 19 and 22 to 27 

dry aattar production by 4 to 28''• L.AR by 4 to 7" 1 6 to 12" 

and 8 to 18 ' • !.AI by 12 to 24" , apacU1o leaf wei&ht by 

9 to 19~, · ~~ by 23, 36 and 46 

.atao .!.! .1!• ( 1993) reported thd ceMD.t duet 

pollutiOJI (o, " • 7 and 10 a/~/daY) a1an1t1cantly reduced 

hl1a ht, nu.,.r c t branch•• ..,d dry wei&ht per pl1111t. Tba 

reductlon in hai&ht ot cotton AIIH 468 
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reape ct1v.ly. !he re1uct1on 1n nu~r ot brencbta per 

plant was 4 . 39, 11.21, 22. 011 " 1n AHR-468 end 11.'», 15.54, 

:58 . 98" in AK H-4 o.,.r control . <:1111larly , reduction 1n 4ry 

wei&ht per plant waa 10 . 98 , 18. 82 , 22 . 95 11 1n .A~!-468 and 

12. :55 , 15.66 , 29. 21" in AK H-4 over control ,re~peoti"Yely. 

The r•duct1an wea ot higher ._n1 tude >d. tb incre .. ecl rate 

ot ceHnt ciLiat pollution. 

2. 11 'tttect ot ~at Pollution on 
Phya1ol ical Para•hra 

2. 4.1 F:ttaot ot cluat pollution on chlorophY'll eoat•nt 

onueu and Nee• (1974) reported that 1n en area 

pollutecl by duet ~· ceunt and eerallic vc:rka , tbt 

chlorophyll contents or leavea ot wheat and llla1:oe ""r" 

lower t hen that 1n an unpcllutecl area. 

1orka (1980) notecl relatively lower etteota ct 

ce..,t duet eoplhcl at :50 a/,; per 110ntb on ?aUantbua 

annuua cv. OK- 70. At 100 claya , the reduction in photoayn

tbtt1o pi aeent content vaa cbaervecl t o tbt extent ot 5.7 

Lal and Allbeaht ( 1980) obeer.,.d thick clepoa1 tion oJ 

ce•nt duat on upper aurface o! leaves of...f•A.!!IlAII planta , 

aro>d.na near tbt ce01ent factory. The ccnc.ntraticma of 

chlorophyll 'a' ana 1 1>', total chlorophyll, ratio o! eab 

ohlorophylla and oarotened.da were alwaya areeter 1n duated 

1 . . .... . 
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iina h ( 1980) treated wheat plenta '101. th cnent and 

n1 trogen dioxide ( N02) alone and in cooabinaticm bot-n 

the •• ot 20 and 100 daya. 'l'ba reeul ta revealed tha~ 

ce•nt duat and tl0 2 appUed alone and in cor..tnation c.uaed 

s ro'ld.n• at polluted s1 t .. ahc•d lo..ar chl.Cf'Ophy'l.l content. 

( <;iftllh and !lao, 191!0) . 'lin~ h and ~eo (1981) conftr•<! aboft 

observation by dustin~ wheat pl tao 7.0 s/rl ce•nt 

duet/dey tor 60 days . Borka ( 1986) alao reponed li.tlar 

r esult. in winter barley end in lllliz• by ? and& ant! SS.llba 

(1990) . Ho~,.var , 1orka.!.! .!!• ( 1981) obaer.,.d incra .. ed 

chlorO!>hyll content in winter wheat tcv. 'le'!!Osteje I , 

Bankuti and Novin-10 treated >d. th 7 or ~ & ca•nt diUt/rl 

laat surface) .nJ in eeiza ( !lorke , 1981) . Shd.lar raeul t 

ware reported by Pawer.!.! .!!•(1982). 

Kriahne-..rthy and 'la jachl.dalllbaram ( 1966) .-.corded 

56-681'1 reduction in l aet chlorophyll in ce•nt dust ooate4 

laavaa or ~ tlebelUter, Qlrc:ull!l l2!la,a,. oooonut, 

te~~~rind. 

3.t .!! .!!• ( 1967) detar.tned ce•nt duet depold. t8 

and chl.Cf'Ophyll content on leavu of .!l!z!!!._ b•onael..n~le end 

~'!!!!!lif..,.eindice tr .. a and reported ne&eti.,. (non- a1&n11'1c.m:· 

correlati on aloft,ll, the penalizetlm srediant (down wind 

direction) . 
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.llrawal !! .A!.• ( 1988) ob .. r.,.d deere .. • in 

chl.oropbJll content by 521' 1D .£!JW .!21:&. end 21. 37" in 

Ctlotroeit procera n .. r tha 'd.c1n1ty or ce..,t r tel')'. 

ce t ldln dust pollution on bl 

found d"cr.-eas• in chloro~hyll content . Rf<1Uct1on in 

ohloro hyll oont.•nt or laent due to ..,nt ..,uat Ucat1011 

h ~e bean r orta~ y r raaed Tna 

(!!!!!.!..a~) I .,raaad!! .!lo(1991) in 

ancl Anonymus ( 1992) in aoybaan. 

( 1 ) in pea 

bar(~ n) 

'!hulcla!! ..!• (1990) treated auln Oa!p .. !rit L. 

var. G- >20 w1 th ca•nt duat at the r a te or 3 , 5 tnd 7 

a/rl/day tor 90 daya . Treated planta ehoved a oonaietent 

recluctlon in photoayntbetic p1s•nte o~ar control plantt. 

2. 4 . 2 F...t:tect of duat pollution on laa! ttaperatura 1 

ercU:"~,.e 
Eller (1977) r eportad rita in tfllp?- or dusty lanet 

ot bueh •hododandr9n oatqbl!J! a :tohx cv. by 2 to lo°C 
£Yl),b,.tT'"( 

coapared w1 th clean len••• The incraated lea! taap" by 

road dust etro111lY lntluanoad. net pbotosyntheait end 

product! 'd. ty. 

l'aiar .!! .!!!• ( 1<179) raportecl that tbe woody pll!llte 

( cMtaY epruc" toll ••) and ehru s ( harel' at tl'rH a1 tee 

.. t 1noreat1 diet.,oa tr-oa the ce nt factory , directly 

outf1 .1e the t otol')', end henlly contalll.nated with duet 

increaaed the leat te~;~u;,;.oecS leafta and harM by 1.4°c. 
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2 , 4 , :5 ~fact C! duot pcllUtiOll Oft trtpap1rati0ft 1 

Gala .nd .uton, ( 1979) cbMrnd aaall arracta ot 

l1Matona duet in raduo1~~& tr811.p1ration, of ~ 

atru!lfl'iua laavu duriftl the ouaMr .... on, 

l'e1ar .!l .11.• ( 1979) atetad that the -dy pl811ta 

( ·~orway opruce folill! • ) aDd ohruba (hazel) at three a1 tea 

at in,creaai 

outaida the factory an1 henily oonteal.natad with 4uat end 

ac~arately contaainoted toreot aerain , the tranlpiration 

of broad lea.,.• ahcwa4 a peak eorliar in the 4ay ( 11 a,a.) 

and their le .. r .. turation defi cit waa h1 s har t"-" .Ua lltly 

ocn,taal.nated foreat olean1na , 

"J. h and >ao ( 1981 ) reported that the wheat pllllfttt 

duated v1 th 7 a/,;. ceMnt duat a day fer 60 daya raduoo4 

the tranap1ration r otaa 11&n1fioantly, ':\at troa quarr1ea 0 

ce•nt f octorie• .n4 real! traffic "'" fcun4 to af:.ct 

trlftlp1 ration proce .. in •rlcultural aDd horticultural 

crcpa like ar aaalllftd, healt h lllftd1, trMI and ..ood lan4a, 

erotic bryopl1yte and lichen coaaml.tiea( Par.r , 199:5) , 

2, 4 ,4 ':ttect of duet pollution, on pbotoazntbeaia 1 

., hctoayntheaia 1a a '11 tal proceu in autotro ha .,. 

hu <11 r eot effect 011 11rovth lllftd pro4uo11 '11 ty, "e•nt k11JI 

duat pollution vea toun4 to attect photot~YDthetio proooaa 

whereby , interferln• the crcvth an<! pro4ucti0ll potential 
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of the plant ayatea (Oblbelll. ..!! .!!•, 1978) , M.ter ..!! .t!.• 
( 19'79) reported that photoeyntbaaia in he al wee lOWC" in 

shrub,_ (hazel) .Uuotly outai Aa the factory and hen1ly 

contalllnoted 'td th duet thllll ll11htly oontalllnated toraat 

ol .. nt 

Oala and • uton ( 1979) ••aurae! the c!uat aoculall.et• 

ion on the lanea or ~ atruwiue c!UI'iftl the eu-r 

oeaaon and noted a-.11 affect in reduoi pbotoayntheaia, 

Howe'llr, rl<a !! .tl• ( 19!1 1) demnatreted that planta or 

winter wheat C'" S.zoataje I , Banl<uti and No'rin 10 treated 

..S. th 1 or 30 1 cacan t duat/,.2 l .. t aurfeoa a'-4 rlduoed 

photoayntbeaia, 

Teniye .. !! ~· ( 1981) obaer'll4 that in r1 01 C'fo 

Jtoah1b1l<er1 , de1ly ~plication of 1o 2 or 5 1 oa-t duat/rl 

decraeaed rete of photoaynthlaia to 6, 65 , 6, 51 end 6, 11 

•/d,}/ h, rupeotively, aa OCIIOpared ...t th 5, 76 • / 4a2/ h in 

the untreated control , Inhibitory etraota of 01-t duet 

pollution on rate or hotoaynthhia hna alao been ~orted 

by Praaad and Ina..Ser ( 1990) in ..!!!!!J .!!:!!!IJ! and Ancnymus 

(19D2) in cotton, 

ltrlahnaau-tby and "• .1 ohidallberaa (19!16 ) recorded 

the reduction in photoaynthetio rete in ooMDt c!uat coated 

lea a o r~ tleblllitar, eurouy !2!!ah oooonut, 

ta-.rind, 'l'd.la 3vallln.than at .I!• ( 1989) reported reduoad 
- J\'3,cu(.;"'(o.c.~t'"lll 

r ata or photooyntheoio , oerbobydrota content in ~ ~· 
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f"'la....,,if~"..9.. ...,-.. "Yl''a'T i.,...du.s 
Gocoa nucit<>ra, -~ indlce, Proaopit ciner£1!1• ~ ~ 

due to duat pollution, :1 llllerly duat trot quarriet, 

ce-.nt t•otoriea and ro1d tr,ttlc waa reported to •tr.ot 

photoaynthelia pro .. aa in •rlcultural and hortioultur•l 

eropa , Hiett ~r~aal!llt!a, hooaltb l!llda , tre1t !lid woodlanda, 

eretio bryophyh aM lichen coaamiti., (FerMr, 1993) , 

'walll.nathtn .!! .1!• ( 1989) noted that tbt ce•nt 

factory kiln nbauat reduced the rate of dark reapiration 
A]itivtlckf'q M"'rtC3.1'ft,TQ, 

in -~ ~· ~ nuciferg , -~ indica, Prcaopit cineraria, 
\ o.."'Who.-r i1"1Ju.s 

lliid!oa. ;~y and lara• , duate trot quarriea , ceunt 

feotoriea and road traffic atr.ot the reaptration prooel! 

in •r1 ou1 tural and horti ou1 tural crop a , aret1o br)'Opb7't 

and Hoben co.....U tiea ( Fer•r• 199') , 

'31n&b ( 1980) atated that wheat plant! in 1 .! plot! 

wen tr11ted 'WI.tb ce•nt and nltrOieD dioxide (~:O:p) alone and 

tn oollbln•tion betweU> the •• ot 20 end 100 <leya, 'l'ba 

reaul ta rt'Naled that oe•nt duat end :n., ., lied alone and 

tn oollblnat1on oeu1ed •uurable reduction tn blOt!!! 

acoua.alati on. 

'Un&h and q,o (1980) analy!ld tbt ceMnt dud 

polluted uq~b• w1 t h reape ot tc phyto•11• !OCU.W.!t101l end 



.. '}"} .. 
obaernd that plant clo .. r to the ceqnt factory had 

reduoed accuiiUl.Ation of phyto .. as. 

Singh end 1'\ ao ( 196 1) reported that tbe wheat 

planta duated '101th 1 alrl- ce•nt duat a day ror 6o daya 

allowed a18n1lionntly reduced product! v1 ty • 

.. 
A~ruat ( 1966 ) reported that the re<iuction in 

pbytoqea was not only du. to reduced photoeyntheaia, but 

alae due to 1ncreued dark rup1rat1o.n. 

Pruet! and Inalldar ( 1990) studied the affect ot 

ceant ldln duat pOllution on black araa by co""ar1111 plenta 

ot polluted ea wall •• non-polluted araaa. nua to cement 

ldln duat accul&ll.ation on ttli!)Oaed parts of the plant. , 

there wes a dacreaae in J)hytoaal8 and nat pr1-y 

product! v1 ty. 

~bukla .!! .!!1• ( 1090) duatet! planta ot llrt,.i ca 

camoaatria L. ver. o- s20 with ca .. nt duata, at ratea ot 

' ' 5 , 7 a/,;./day tor 90 daya . 'lraabd pltnt allowed a 
conaiatent reduction in &rowth, pllotoaynthatic p1a•nta, 

yield and oil content over control . The o'ftrall phytoaa .. 

ot treated planta waa a1 ~n1f1canUy decraUid, the 

111SX11111a r educt1 01l bein& 64 . 8!1 in 1 a/a2 followed by 

5 a/,;. (55.!1" ) and ' &/m2(4!1. 69l') et 60th da)'o 
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r raaad and Inallll1ar ( 1991) atU<Uad tbol aftaot 

of oameot ld.ln duat polluUcn on V1gna econtti toUa0 

J • rediata and l •unaul.culato and obaerved that pbyto~~asa 

.... racluoed upto 71. 78" in 1· unsul.culata • The nullbar 

of frul. ta reduced up to 63. 28" in .!·~ 

Prasad .!! !l• ( 1991) atudled the afflot of 

count ld.ln duat pollution on~~ and ~owed 

reduction in growth, phyto-..u and nat prtaary 

product! v1 ty. 

* • * 



CllA<'Tl:!l III 

MATERIALS A!ID MiTIIlDS 

The 1n., .. t1aat1one ... orted herein .. ra oarrted out 

in the t1eld of Depertment of Botany, Punjabreo 1Cr1ah1 

Vl d)'C> .. th, t.kole, located et m .ll15 •ten a!t1tul1e, 

22°111' letitude 8124 7.,0o2• ;.: lon&itude , dUr1na rabl 

aa .. ona of 1987 

:5. 1. 2 No,of repl1cat1ona 
:5. 1. , No,of treatmenta 

a) Plain f tor( duata) 

b) Su t aotora(doa .. ) 

:5 . 1. 11 Plot atn 

, . 1. 5 aetna 

:5.1.6 Met ho<Ss of ao..tna 

:5 . 1.7 Date of ao>d.Q& 

,.,.e Sited rate 

,.,.9 Q:oop 

1987-88 1988:89 
Faotor1al Rando- Factorial 
a1aad Blodl RUidolllaa4 
"<tlll&n Bloolt a.. 

4 • 

" 1 ) o. o a/JI 
11) 1.0 a/JI 

111) , .o , ,,; 
h) 5 . 0 ,,.,;z 

1.8 X 2 a 

22. 5 x 2. 5 oa 

1001<&/ ha 

12 

' 1~~ ~nt 
111 ~ Uln 4ull1 

• 1) o.o atrl 
U) 1.0 a/~ 

U1) Mat-! 
h) 5.o c/r 

1o8 X 2 a 

22.5 " 2.5 ' 

rl'ill1J111 

21 .11.811 

100llc/ba 
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'laed wu treated wl. t h Acroaon G. N. at the r ate or 

2. 5 a / k& ot .. .., betora aowl.ftl • FWrt1Uzers were IIPPll•d 

• 100 lr& 11 + 50 k& P~ + 50 lr& K:tO/ ba t o aro .. plota. 

Halt and ooopleta doaaa ot P:t05 and K:t> _.. a1.,.D • • • 

b .. al do• wl'd.le rellld.n1 N wu applled ODe -th l ater. 

'·' 
A UD1for11 pr a Old. 1rria at1oD wu 11 van to all 

plota c1ur1111 both tha yeara of exper1MDtat1on. ID allo 

orop r eotolve4 ae'Ven t o daM 1rr1aat10Da u and wile r r 11< 

(1DclUd1JII cr1 t1 cal at .. ea of aroltth) . le 1 at1111 

the crop 0 oere • taken to IIUP ly wahr UD1forllll.y ~~~td w1. th 

alov apee4. 

Plent T'rottict10D • surea 

Aa preftnt1 ,. Maauraa. o aDdoaulpban apray ••• 

&ivan at • ly ate&• ( 30 DA'I) and "1.etbane 78 apray ... 

&1ven <!uri earheed ••raen • ate&•• 

'·' 
<tuat1111 the plunaer <tuater va• uaed. At tba 

t1• of duat1111 • crop vu oovared wl. th IUII11u cloth tenia 

in air. Tha duat1na waa started 30 daya after aolllllllo 

c-op vu cluat ed in the evenina u 
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-uauns wu oonUnued Ull tNI barwaet or crop. n. tanh 

were re.,.,.d 1n the .....UQI . 

ObMn at1ona 

ObHnat1ona on fall.o'lll. oh.raot a _... reoorde« 

dur1111 tNI onto&any or crop. Tba Mtboda uaed -

daacrl bad below. 

r l &nt hei& ht waa raoordad at tNI U• of harftat. 

The N!taht vaa • asurad on randoiO.y a•laot ed n..,. planta in 

each plot in ca troa tNI b .. a of tN! lent to tba top et 

tNI aarNiad. 

Total nullbar or tillara, nclua1ft of aain a!Wot 

par plant ware o~tad par10d1oally on the n.w p1anta 

H1aoted troll aaoh pl ot . 

To deterllll.na tba -• of laa'laa , n..,. planta ,...,.. 

aalected at randc• tro• each plot . l'ha araen laa"'faa ,...,.. 

aaparated and l ea! -· wu .... urad on auto•t1o 1eat _..a 
""~ cit\ 

•tar 4_MM 7 0 J,.pan) . 

, . 6. 4 Lea! ... a index (LAI ) I 

LAI r.pra aenta the ratio o ! leaf ••a to tiM land 

area. The l e"f _..a tnd1caa _.,. worked out troa tNI data 
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on leaf area raoordec! at ur1oua arovth atcaa 1114 l-'4 

.,.., prodded to 1 plant by ulliDa the torlllla &hen by 

v teon ( 1947). 

LAI • l .. t ..... <rl> 
1 " !ll"lla ell?' 

In order to atudy the atraoi ot duata on dry .. u. 
prOduction, 

c1l. aoer41n& root portion. 

In 1987 plant .. 11plea were t en on 25 OA!l 4 

in 1988• 89 the plant .. ~~plea were bk.n on ):) OA"• 

Periodic .. apl .. were taken at 1' <laya intenel in both 

thl .. ucma ot axpar1Mnht1 on. 'l't» aaoples ,... kept 

in br.,... PIIPar be• Wl4 tb4111 dried in electric onn at 701 

The lut conat1111t wei&ht wu recorded •• dry .. uar weiah1 

Fro• theft wtd.s lrtla, dry ~~&ttm- produced par pl t -

4atartl1n 

3. 7 Pltyaiolcaioal Para•tera 

tollowi 

a) o-op arowth rata ( alR) 

b) ~at.u ... arowth rata ( ROR) 

ol Nat uaiailation rata(ICA!I) 

bo" arowth paraHtara ,..ra c5etarlll1ne4 by uailll 

torllllac 
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3. 7 . 1 crop arovth rate ( CC'I ) 1 

crop grovth rate t 1 "Vel rate o! dry a:atter 

lnol"eaaa in per un1 t tiM. It 1a a..,.r.U.y expl!eaaed 

u a/day. Forwl.a uaa d or !1nd1nt out COR ( '(ntaon,1959) 

v • •• tbllova 1 

' lhera ' '2 IIDd rospra .. nte the total dry aettar produoed 

Bleck...., ( 1919) atated that the J.nazoaaH 1n dry 

qtter of a pla11t 1a a prG<~I8a of oontlnuoua coq,ound 

J.nt-str vharein the 1n--t at any 1at .. ..,.l adds to 

the c 1 tal tor subaaquant arcvtho The rata ot 1nCl"eMDt 

1a lm- u ralatl.,. arovth rate. For caloulat1Q& RO tor 

toralla &ivan by ahar (1921) vaa uaad. 

plant at the tt• t:r 11Dd t1 (DAS) re acttwly. n 1a 

oX!)reaaad in a/a/day. 

5.7.3 !".at aaa1a11lat1on rata (li.All) 1 

Graaory ( 1926) uaad the tere •Nat ustlll.1at101l rate" 

(NAR) . UlUaas (1946) provided • toraula tor aatteattna 



., " 'l ,.r "'perto~ nf ti M . 

'her o L and A~ rvpr .,.ont lea r •• (4a2) and 

' 1 and •• dry weiaht or plant (&) at tiM interval t1 an~ 

t2(4eya) r .. p tively. I t 1e oxpre .. od in &/ drl/ day. 

' · 7.4 Reto or 1'ranapiration 1 

Tranapi r ation r ate or tha lee"Na ........ ure.t by 

tile oobal t chloride paper (Marar and t.nder80n • 1955) by 

r ollo't4 

·here , 

-: • Cr •• or wahr , our raquf.raJ.to e a 1 4./ 
or eobal t ohlori de p ar troa blue to i nk 

e->lour. 

T • ~b eer"Nd tiu r oolour c" n • 1n .. cotld on lea1 

Thld "ontr1but1 '"h ctera 

, . a . 1 Thouaanc1 &rain wei lrt , 

Coapoalte uaploa or cratn troa each plot yield waa 

drawn to count ona thouaand &raina. Tlwao counted cratna 

were wo1abtc1 on cha cal bal811C8 to rooord tut wo1&bt. 
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3. 8 . 2 l'lullber of &railll per earht..S I 

Tbol earht a<a obt..Ln d oa fi ... ren<!Daly eeleoted 

planta re thNehtd a" peretely anl1 total nwmer of a r 111 

obtaillad vo countt'd. ""roll t~.1 • date nulber ot a r ne per 

arhtad wee cul at e 

The .. rbeeda obtained troa one ri plot _.. count ed 

to record nulber of eerhteda/ri • 

.,. r ..ndo aly oeleoted e heed (aain oulll) wre 

uoed to o"""' total nuabt.r ot ..,lklleta0 " ta obtain d waa 

"'""" u sed to •et•r=lllt', IIUmht'r o r opikeleta/earhead/pl l!lt. 

r>l t Yleld 

olawl cal yield 1 

Proc2Uce of each ne t plot na tied 111 bundlea en« 
were ell-d to dry 1n r .. pectl'fl lob tor lla lrl: dq .. 

Arto!r thoro h IUI1 drylll,l! , the lOil&ht o f total produce 

(araill + atraw) troa each plot wa1 recorded (a ) • 

3. 9. 2 ~rain yield 1 

r ht d~s attar h8r ... e t 1 the prod.uce troa each 

plot wu threshtd 'OCI.th -.nual labour . Craine ,..re eperetl< 

and cleall allla o! I I Ch plot rl Calli dried ln bot II 

for t"" deye 111'11 a ra111 lOil~ hta of all plote ,..r • recorded(&: 
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ll&rftat ill ex waa ""rll..t out by tba tollo~na 

tor &lla. 

11.-veat 1n<1n( ") • 

Total chloropbJ].l con ent ••• ~•t rllln 4 

apectr hoto•tricelly udJlill the •tho4 at ... n by Yoah1b 

!.! .Jl. ( 19'71 l . "!'he totel ohloropbyll <•Ia treah wei~tht) ... 

co..,uted by the tor.Ua &1 ven below 1 

wbere, 

3o11 

rot Chlorophyll(•/a) 
ua-

o • ptical dena1 ty at 652 1111 

V • nal v:>lua 

·~ • eah wd&ht of aaople l n I • 

Pleteorol 

x =:::v:::--:-:--
1000J: v 

cal data o rainfall , IIP1.,• end 

""t .. oroloay l"boervatory, 

prl!'aantad ln 



CH.Al'l'l:R I V 

R~T 

The offooh ot <luat ollut1 OIUI on &1'01ftho 

<lnolop-t .s.t ytold ot wbut ere -preMnte<l 1ft tbh 

OhiPWro 

Ktteot ot :Juat Pollutlca 
OD F1 Del ltli,J bt 

Reiaht ia • •••- of ao•ral arowtb ot plallt. 

It 1a beUia atteoto<l b)' lerao m.tlllba1' of illftrftal aDd 

oxtarDal tootora. In orcla' to uaoaa the often of dian 

pollut1oa oe &1'01fth, tlllal heS.abt( 1111) waa •aaure<l at 

•turi t)'. Data - proaante<l ill Toblo 1o 

nato p:reaallte<l in Tabla 1 rewalo4 tlult Jlelabt ot 

wbaat 4ur1aa 19a'7..SS w .. a1anU1oaatl)' attoat" -.,. dian 

IP"Pl1oat1ona. -'-~&at tlllata, oa-t <luat ~ 

atall1t1ca~~t: Nd\l.U.oa ill plallt Jlelabt. :::un.aa 19e&o89 
«~a.Y'cl.4'..,, th. t. e.lft.c t~ on h.ei,kt , c:L4ffht'l"'CU o.,.,cm,st tne. mo.(l") ~o.c.tol'.$ 1Vi~ 

aao-o~-. . oa...t , aoil alld kllll <lusta 

wra not a11111 tl.oaDt. 

on. otfMh ot 1ra<1e<1 OC!IIoantrat1CIIla ot ata 

o Uoat1CIIla on baiabt ware a111111t1 o t durl both tile 

........... The ba11ht woa a11111t1oantl)' rad\loe4 at .U. 

lo'Mla ot ctu.t ap-pllo u .... -r oont'rol . Reilbt -

1raduall)' doo:re-4 •• the dONa ot ctu.t appUooU- wn 

1nore ... 4. ~IWI bailbt waa obaarYe<l at ,.o 1 tiUot 
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'l'allla 1. r.ttact of cluat pollution on Anal hei&ht (ca) ot wheat 

ncantrat1on 
( 1987-88} ~ 19!l..'l-C9} 

0 1 ' 5 I' am 0 1 3 5 ftaaa 
traat=anta 

':oil duat Slo . 96 81, 20 77. 00 76, so 00o1tl 1!!! . 12 ~ ... 7 en. n.n 7.;,10 !Y', 92 

C.Mnt duat Slo , 96 81, 0!1 " · 2(1 71 . 60 71', 20 87. 50 79,82 "·27 7 .,, 65 79. 

llilnduat . . - . . 115 . 75 81.15 79 .20 74,60 !!0,12 

-- . - - - - - - - - - . - - - - - -- - - - - - -
I" a liD elt,96 81 o11 76.50 74.20 e6.12 !31.15 70 .15 74.71 ------------- ----- - --- ---- - - ---- - - --------- -- ------

'1' c TlrC ~ ~ '!.'x:: 
t r • taat ss.a. ...... NS NS ".la o N3 

SE(•) ..t 0 , 65 0 ,92 1ol0 Oo!l7 0 . 66 1o 14 

C, D,(5!1) 1o98 2. 80 . . 1o89 

c. v. " 2, 115 z.~ 
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clua~ t~~~plloeUon (74.20 en4 74.71 oa). 

The iD~eraots.oD etteeb wre not ei&Ditl.oeDt. 

TbaM reaulta ill41oated that irraapaoUft at eouree at 

duata, duat depoai ts.oca on phnta retarded wheat &rowth 

in aillller ...a ... 

~teat of 1'\lat 'Pollut1Gft on Leat 
Arelt/Pl•t 

hotoiiJDtheUo afft.eienoy of &roan phnh la 

&reatly intlwtnoed by leaf -• erp-d to ll&ht. It IIIIa 

direct relat10118h1p -.dth pi'Oduots.,ity. " •riodio 

obae1"f11U0118 on leaf area u affected by c!Uat IIPPllcaUOII.II 

were recorded 1111<1 - p aentad in Tabla 2. 

Data pre .. nted in Tabla 2 re'taaled tbet 4ul'1111 

tba year 1987-88, ceMnt c!Uet appll caUon aho._d 

a1&Dit1o•t reduction 11l leaf -e/plent 0'181' aoil duat 

at 40 DA At 25 t 55 t 70, 85 en4 100 DAS, af~ota ot aCIIU 

dust en4 oa•nt cluab ._re at per. ~~~~ 1911 9 0 ••-11 

11114 killl c!Uat abo._d ai&Ditl.oent reduots.on 1D leat er .. 

o.,_. aail duat at 45 DASo At raaailli 

all c!Uata IIPPlloeUana were at per. 

at11••• affects ol 

The efteota of la'tela of c!Ueh appllcaUGDa oe leal 

area/plant .... re a1&n1t1o t ciUI'1n& both the Haaona at .U 

at11•• uoept at 100 ..,~~ ciUI'illl 19117-88. Mlllli .. • leaf .. ~ ... 
-•(2).85 en4 23.55~ ••• noted ill control plllllb c1U1'1111 

both tbe aeaaona. The leaf area/plant waa a1&Dit1oantly 
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Table 2. !lf!ect ot duet pollution on leaf -.tplent (daf) . 

Treetunta QIXI ID~&: "Ud.D& ( :I~UlZ~ill l'JIXI IOU: BU4DI ( :S913•fSl 
25 loO " 70 as 100 ~ 45 60 75 90 

soil duet '5.22 s.o6 12.33 20.15 27.06 2'5.14 6.1o0 10.21 18 . 25 25.99 22.85 
Celllf>J\t duat '5. 0, 7 .74 12o0'5 19. 86 26. 81 22. 88 6 .16 9ef17 18.10 25. 02 22. 64 
Kiln duat .. .. . - .. .. 6.1 '5 9. 74 18. 08 25. 00 22.40 
' r• teat NS :;tg . NS tiS NS NS liS !.II. a. NS MS HS 
SE( atf 0 .10 0 .10 0 .12 0 . 27 Oo15 0 . 46 Oo18 Oo10 Oo12 0 . 58 0 . 24 
c. 0. "l .. o . ~ .. .. .. .. - o . 29 .. . .. 

0 '5. 65 e. 68 12. 89 20. 8:5 27.77 2:5.85 7. 08 10.9 1 19. 20 26.1' 2'5.55 
1 '5.4 , 8 . 21 12.57 20.4 , 27. !15 2, •• 2 6 . 26 10.15 18 . 17 25.36 22. 86 

' 2.99 7.75 11 . 89 'f9. 7:5 26 . 67 22. 72 5. 97 9 . 67 17.85 25.77 22."' 
5 2.42 6 . 96 11. :58 19oo6 26. 00 22 . o6 5. 56 9 . 04 17.'55 24 . 07 21.76 

' F•test ~, . '1. ~ . 'lil o ~ts . 'lil o NS <;!.~ . ~4 . <;1~ . ~~ . "'ls . 
~'? (a)~ 0.15 0 .14 Oo17 0 .311 Oo21 o . 65 0 .10 0.12 0 .14 o .lllt 0 .:52 
c. n. ( !1) o . 44 o .42 o. , 1. 16 o.ltz 0 . :50 0 . :!13 o .41 1.26 0 . 91 
c. v. " 11.311 4 . JO :5.50 4 . 66 1.91 0 . 79 5.71 4.o4 2.70 5.98 1.64 
Teat tor 
Interaction 
' P' teat NS 113 113 113 NS tiS liS NS NS NS NS 
SE(a)j 0 . 21 0 .20 0 . 25 o .54 0 .:50 0 . 91 0.18 o . zo o .25 o .76 o .47 
c. 0.( "l 
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r educed •' 'a/ril (22.72 .nd 22. ,.~ lllld 5 a / a2(u. o6 1111d .... ~ 
21.7~ le•d• ot c!ullta .~llCIItiona reapeotiftly O'fer 

control . 1 a / ril (22.86~ reoorc!ec! d ani ttcllfttly lowr lee1' 

.-ea/plllftt c!ur1ftl 198!1-89 et 45 "~A'I ner oont rol. At relit 

ot tha •t•••• •.n lad -a ••• not a1&nit1oant. 

In a•narel , l .. t area/ plot ar ac!uelly da-uetl u tha 

c!oa .. ot c!Uat lll'Plloaticma increased. Ml ni-..a laat area/ 

pl pt was obsar'fetl at ' oO 1/r/ dOHo 

Tbe interaction attaota were not danittoant. 

ttaot ot at P9llutiCIIl oa 
Laat Aree Index ILAI) 

Oat. preMntad in 'l'al:>la-' ahowad non.-ataattic.nt 
~..ft~Ye,...,., c..~ 0.....,0"1'\.~ 

A.dl.lata oa L.Al at all tha ate•• ot arowtb c!ur11111 

both the ••••- L.Al araduall.y inerea .. d upto 85 DAS llld 

c!aoUned at later ate•• c!ur1 1987 

Tba la'fels ot c!uat C>l)lloat1oaa abowe4 da1111lo t 

reduotton i n LAT o'far control c!url both tha .. _ .... 

The •o L.Al ill 1 a/ ril treat•nt ••• at par wltll oOIItrol • 

.. .,.r, ' a od 5 a / .1 <Nat applloetiona ahOwd a1aat1lollftt 

reduction in L.U OYer ooatrol , upto 70 DAS whara • • L.Al et 

85 d 100 DAS ware et par in .U trea t llts clurilll 198'7 

i a llf.tt cant reduction i n L.Al wu obaarftd in 5 a/.1 c!Uat 

eppll oet10l'l -r 'a/rl. 'l.lr1 198 -89 , laet -a iDila 

•aona•t the treetMilt• et ~ DAS ••• at per. lb..- , it 

41t1'eretl ataatttoantly at re..S.aiJI& .,., .. ot obMr'f8t1GIUio 
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The levda or duat appllceticms ehowe4 aillll.ler trent! 1D 

89-89 like that 1987-89. !leta tbla, rnealed tbat •aD 

LAI &reduall:r decreeaed >d.tb lncteeaed do .. e or duet 

epplicatiou. 

The 1nteracti on etreoh _.. non-ai&Dl A cant 

durin& both aeaaona. 

Ettaot or Wet Pollution on 
Nullber or Tillera/a Row Len&th 

Production or tiller• 1n cereal• 1a • untczue 

oh.z-eoter vbi.Ch 1ncreaa .. the L AI and ear nual:ler. F:ar 

nuaber and L AI bav• direct err b n areln y1eldo 

l'Mntore, obaenetiOAa ca nuaber ot tillM'e/• rov 1 th 

were reoertted. llete an resented in eble "· 

I napectiCIII or table 4(A) rnealett non-e1an1Aoant 

erteota ot duets on tiller production at all at .... duriftl 

1987-88. ~ftl thll year, 199S..S9, at 30 end 115 DAS , •IIIl 

tiller nullb<lr/a row lens t h ., .. at par in oe•nt and eo11 

duet applioationa. Howa,.r, e1&n1 t1cant ditterenaaa 1n 

tiller production were recorded at 60, 75 ADd 90 DAS. 

At 60 de:r• (1988·99) k1ln duet shOwed d an1Ao tly lowv 

tiller nu-r then aoll duet. Mean tiller nullber 1n aol.l 

and ce...,.t dueta were et par. At 75 and 90 DAS oe-t and 

k1ln dud I!>Pll catioaa bad. 11&n1Aoantl:r lower tilbr 

nullber than aol.l duet I!'Pllca tion. Mean tiller nullber 111 

oe•nt and k1ln duat appUoetiODa were at par. 
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Table 4(.A) . <:!fact ot ctuat pollution on nuobar ot t1llara/a ro-w lanath. 

:.. aa~~: •"~~~' :r.urz-aal ll8XI aDIE as:I.S.DS C 29aazf!ll Traatunt 40 " 70 !1!5 100 :!lO "' 6o 75 90 

~oil ctuat ,;~.oo 112. 08 "·"1 11:5.16 4:5.08 , . 81 ~.56 4o, o6 41. 56 111 . 00 
c ..... , cl\lat ~.66 41. 91 4:5.41 42. 50 42. 33 3:5.06 ~.50 ,., 06 ~.81 ~.o6 

Kiln cl\lat . . . . . 3:5.93 ~.rn 38. 56 "·25 ~. 25 

1 F1 taat NS NS NS NS MS NS N'l s:ta. <:S.c. 'lie . 
~a:<·a o .9s 0 . 85 o . so 0 . 78 o . 86 o . •1 o , lo7 o.llo o . 34 o .~ 
c. n. II) . . . - - . - 1· "" 0 . 96 1. 05 

0 ..... oo 48. 50 4~. 83 1>9, , 49. 16 39. 08 42. 50 44 , 83 46 , 67 lo5 . 75 

1 loo, 66 411 . 00 116. 16 114 . 83 44 . 66 34 . 41 39. 41 lo0 . 50 41 . 25 111 . 00 

' , .16 ~.66 112. 33 41.16 41.00 31 . 91 ~.oo 37. 50 ~. 83 37. 66 

5 , . 50 , , 83 37. 33 36 . 00 ~.oo 19.00 32. 66 34 . 08 35 . 08 34 . 66 
1 F1 t aat st . \& !:I.a . Si.a . sta . sta . ~~·7 Sil o ~:l6 '!I.a . sta . 
S l>(a~ 1. 1o2a 1. 13 1. 10 1. 22 o . , Oo39 o . •z 

c. o. "' "·ll 3. 6 z · •z Z·" 2.69 1. 36 1.57 1. 31 1. 11 1o21 
c. v." 8. 7. oll . 29 . 27 . 97 11 , 88 5. 01 4. 03 '·"' 3. 66 
r .. t t ar 
Interact1oa 
1 F1 teat liS N3 NS liS NS NS 119 NS ~. NS 
S!(a}f 1. 96 1. 71 1o6o 1· " 1. 72 o.ea o . 91t Oo97 o . 67 Oo73 
c. 0. "' . - . . - . . . 1o93 
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Tile levela of d.uat lll)pllcaUona aho...S. lli&n1tlOIIA1: 

af.teota on tillar prod.uo1:1oa d\ll"ina both tba •u<lft&. 

I D uneral0 oontrol (DO duat c>pUcat1on) pr'Odllcact 

aian1t1c.n1:ly IIOf'a ull .. a/• row leaatb t hiiA r .. t of tba 

1••11• of dllat IPPllcaUoa. It n• .tao obsaMrld. that 

tba tncr .. aa 1n 1&-wal• ot dlla't IPPlloatlona daere ... cl 

Ullar nuri.b.r/• row h t :ln1w• nuri.ber of 1:111ara ,..re 
l"tloordact at !!.o a/,; dllet "'!Plloat1on. !la•t ot tiW lawla 

she>oed 1nt al!'mcl1•t• tiller nullt)ar. 'l'lllar nullber 

aradulllly inora ... cl upto 8!5 and 15 nAS durtas 1987 

19e8..S9, rupaotlwly, .-ct vas d.lor a .. ad at latter 1t1111 

of arowtho 

I ntaraotton atteota ,..ra not e11n1t1oant at 1111 the 

•'••• ctur1 1987· 88 and at ~. 45 • 60 and 90 D.AS durin& 

198 -89, raapeotiftly. 51&Di t1eant 1ntaraoUOD af.teota -• 

o'bdt .. fld at 75 !lAS d\lr1 D3 1958-89 11ll1oh era ahovn 111 

Tabla 4( 8) . 

Talll.a 4 (D) . Utaot of duat poUuUOQ Oil nuri.blr of t1U .. a/• 
row lea&th 

'l'raat111111ta 

• '" teat 
'IE(•).! 
c. ".{51'() 
c. v. !C 

0 

"-•· o.~ 
1.11 



.. . , .. 
!loilo oe ... t ec1 ld.lA clust tpplloatloll .mwct 

a1&1l111clllt red\lotlon ill tiller IIUII&ar o.., -trol. 1'lle 

tiller nuabar ar ally door ... ed 114 tb illcreued lewl of 

IIPPll 0 Uon ill all the elUate. Tho .tlliiLIB llld d&lli tlCIIItl 

lower tlllaro/a row lo t b wore roocrded ot 5.0 a/rl uat 

op 11oet10IUI ill all tho c!Uota u•d• 'l'bo at s lllttcent 

rac1Uct1 ill uu .. muabor woe obMrWd 14th O't'Ol'J' la-ue 

in lanl of IC)pllootloll lll all tho dl.laho at tho 

duota at 1.0 a/rl- end ,.o a/ri' lnoh, .tlliiLia 8Dd 

atalllttcently lower tiller IIUIIbol' wore ob•nod 1ll ld.lA 

duat appllcat1011. ea .... t duat IC)pllcauon alae ahowd 

lo r tiller DJJrlber/a row hD&th than ooll dl.lat • .At ' •0 
a /rl- lowl , oo•nt oad aal.l dl.lat applloaUoa ahOw4 

oao at the 

duoh, co..,.t llld ld.lA duat• wore _... doVi...,tal tllllll 

aal.l cSuat. 

F.tfoct ot "\lot Pollutlo; oa 
l'l"}' tor OdUcUCII/ai' 

nato r o .. lltod in Tohlo 5( A) a bowed DOD-at n1 tt t 

offoota of duata oil dry tter roctuctiOitt/ril at Ito , '" 

(1987 8) .,., • ~ Tl • (1 ) . wnor , oo t ciUat 

ll!)pll cation atan1 tlcontly reciUcocS dry aatter roctucUOil/rl 

oftr aoll dUet op Uoatlon at 25 0 ", 70 .,.d 100 DAS dul'tlll 

1987-811, end at 50 0 6o , 75, 90 DAS ciUI"i 1989,roapootlwly 

rry aattor/ ril lll co•llt .,d ld.ln dust plloaUona wore 

ot pOl' ot 6o, 75 end 90 DAS, while ld.lA dust oneS acll dl.lat 

appllootl cna wore ot POl' at 50 DAS (19811-119). 



........ 
Table S ( A) , "fteet or c!Uat pollution on clry .. "er a/rfl 

'l'raat•nta B ~:1:11 ·~r: 111::1.¥5 '12!!Z-~) 100 :!D 
!!axa,,ae~: -~DI ! j2.~1!1l 90 

Soil c!Uat 76, 110 320 . oe 5ee, o e 9,. 64 10~.6o 112:!J,/o0 229, 118 ·~. 24 8,, 72 1026 , 00 1081.2/o 

Ca•nt duat 71 . 08 :!J12. 0io 572. 8) 906.76 1021. 60 1092. 80 215,00 420 . 96 fl :!Jfl.72 988. 00 1052.72 
KUa duat - - - - - - 224.52 426.00 821,48 974 . 211 1052.48 
1 F'hail ~ .. liS ~~66 '111 · liS ~~ · 'lia. liS :s.a. 51 A: ~to ~1~ . 
SS(•if 1.00 2 ,78 2.86 5 . 96 , 91 2. 49 :!J , 6, 5 .~ o11 

c."· "' :!J, 02 - 14.15 8, 66 - 11t.89 7 .18 - 1lo • 24 . 20 17.59 

0 86. 00 :!Jio8, oo 621, 811 982 , 40 1101.72 11911. 92 257. 84 /o8:!J , 88 952 .:!12 1109 . 64 1181. :!J2 
1 8/o , Sio :!1:!12.72 609, 00 952. 64 1010. 44 1152. o4 2:!J0 , 81o lt52. 110 88,, 00 10:!J7,,2 1108.:!12 

' 68. 92 :!106. 2. 566. 6o 900. 84 100,. 92 10110. 52 212.60 :!198. 0 8 790. :!12 911 e . 32 1009 . oo 

' 56. o4 277. 52 518.:!12 &44 , 92 9IIO , :!J2 1005 . 00 190.72 :!J72.16 7:!J'I' , OO 889. 00 958,00 
•r • teat ~1 "!a. :a.t• .J.f:o4 

!lis. 31!. 31&. S1a. Jta . =.1-A . S1a • !ll!(•t§ ,.911 . 60 e,,, . 911 2 . 88 4.21 ' ·95 9 .70 1.06 
c. o. "' 4 . 21 11.911 20 , 02 12.25 25.57 21 . o6 8, :!JO 12 . 13 f1 ,1fo 21.911 20 . )12 
c. v. " 18o65 12 . 20 11o1' 4,:!JO 8, 00 6 .14 17.90 13. 67 9 . 81 13. 50 9 . 19 
Teat tor 
I D te raoti on 
• F' teat NS NS liS liS t.IS !CS !1:. Sla . N!l liS RS 
31(•)-t 0 .50 1o39 z., 1. 4:!1 2.98 
c. 0. ( "' 

2. 45 1o25 1.82 2 . 58 .. . 20 ,.o6 



.. ,.~ .. 
The aftoota o t l l"a4e4 oancaatro1:1ona or d\&at 

eppUoaUona oa dry •tbr/a2 were a1Jftit1oMJt dur1na both 

the aoaaona. The dry aatter/.? waa al&Alt.lcantly reduced 

at '1/.? and 5 11.? lnah ot duat appUooUou owr 

coatrol. 1 1/•2 lnal aho bed alanl t.lo.,Uyl- dry 

•attar/.? d 40 0 10 0 85 0 100 DAS then control durilll! 

1987 a, w!lera .. 1111 lanla of 4uat appUoatl.ona ahOw• 

ai&.a1!1cllllt reduoUoa in dry •t.t•r/.? over ooatrol durina 

1988-119. Kald.a.a dry ad ar/r1 (11911. 92 .nd 1181.12 &) 

waa observed it1 oatrol (no duat appU ti.Oil). Tbt dry 

aatter/ .? ara4ulllly dacra .. ect •• tho do .. a o1' 4url 

appUoats.oaa ware 1ncraua • M1n1.,a dry .. uar/r1 waa 

ob .. rved at 5,0 a/ri duat IPJ)llcatl.oa. R .. t of the 

treetmanta h«d 1ntarM41 ata dry •tter. 

Intaraot1oa affoota wra aL• n1 t.l cllllt on1y at 45 !lAS. 

The data ora abnlft 1n T bla 5(8) • 

Tabla 5( 8) , ttoot of cluat pollution - dry •U•r 
production a/~ " ' DAS, 

19Q8:89 

0 1 3 ' "·-
soil dust ~84.28 468, 28 403.92 ~.66 433.24 
Co•nt d\&at 118:5,44 4".ao :5!5.48 ,9.08 420,96 
!tUn dust toe2.92 1o311,32 401o.elo :Ja1.ea 1126.00 

M.en· - · - - · -.a,:ee -.;a:ea - ~a.oe- ;rJ.16- - - • • ----------- ------. ---------
F hat 
S~(ll).,t 
c. .~ 5>"' 
c. v. " 

T c 
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I t 1a obaerYacl t hat .. .,. clry .. tter production/ .I 
at control ancl 1. 0 a /.1( aoJ.l) were at par. Howeftl', 

h1ahar le'Mla of appU cation ( , .o and. 5. 0 a/,jl) 

a1&nU1oaDUy r eclucecl clry -.t.hr/.1 onr ntrol .nc1 10 0 

&/rf lnelo In CelMnt -=4 t11A eluate, the clry aat~/.} 

wna a1&n1t1cantly daaraaaacl by nery 1nareaaacl l am of 

duet appU t1on. Mcoi.,a clry Mtter 

control end 111111.,• at 5. 0 a/rllnel. 

ObHMiaclln 

A at dUet ltlla 

cluat eo:>plloation at 1.0 a/.1 lewl ai"'•cl a1&n1tloantly 

lo dry aatt«r than soU and .. ...,, cluat IIPPllOetiOIUio 

The ao11 <luat, and oa•nt eluate re at er at all the 

lewla. h1la il duat , oaaent duet .-,4 ldln uat were 

at par at ' · 0 a /rllnal . .t 5.0 a/rf laval, ce•nt .tuat 

appUcat1on wu at per witb soil dust appU oation .ncl 

recorded ai&nU'icanUy lower clry aatter/ rl then ldlA dUet 

appUootion. 

U feot or -.at F'olluUon on 
Cl'op Growtb Rete 

!leta preaented ill table 6 1nd1oated tbat crop 

a rowtb rate of wheat ftt' aoJ.l lll'ld ce...,t duat pollution 

( 1987 e ) si"'wecl a aradual increaaa ll;pto 55•70 !lAS periOd. 

5 DA Th1a dear•... oonttllUeC 

upto 85• 100 :>A The etfHta of aoU 

IIPPl1 cationa on CD~ were not a1&n1 t1 cant in 1981 

'"\lrln tbe year 199 9 , aoJ.l , ce•nt .,d ldln at eppUo

tlona did not 41 r tar a1an1 tt cantly at ~..A5 and lo5..60 n~, 
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Table ll6. U:l'ec1 ot dust pollution on crep aro1Ah rete (COR ) 
a/r?/dey 

Treat•nte DaY• e:rter eorlna ( 1987) Days after eo>d.ng ( 1988-89) 
25::to 40- 55 55-70 70-85 "'"'100 50-"5 45..60 60-15 75-90 

Soil duat 16. 20 17.87 23. 04 1?.06 5. 59 13.58 27.15 10 o71 4.15 
Ce~~ent dun 16.06 17.38 22 .26 7.66 4.75 1:5o50 27. 86 9.95 4o}2 
Kiln dust - - - - - 1:5.43 26.77 9.78 5. 22 
•r• teet NS NS NS liS NS liS NS :i& o Si& o 
SB(a)J Oo19 OoZ? Oo)J o. YT OoY.J Oo22 Oo34 Oo§l Oo19 

c. 'lo( " ' - - . - - - - o • 0 . 55 

0 , ,.,; 17o47 18.66 2}. 64 e.36 5o81 1!io08 30 o68 10o49 4.78 
16. 53 18.41 22o91 7o85 5,/o4 14.48 28,68 10.~ 4.n 

' • 15.85 17o}6 22. 28 G. f11 5o11 12o )7' 26o15 9.64 4o95 
5 • 1/o o71 16.07 21o17 6. }6 4oJ1 12o09 2/o o32 10.1} 4.6o 
•r& teet oll.& o :i& o Sl.l o NS HS ~. :ito HS N:J 
SE(a)J Oo26 OoJS o. ' Oo52 o,50 0.29 Oo 6 o,}6 Oo26 
c, o. ( "' o . oo 1o17 Z:l~ 

. - o. aJ 1oll2 c. v." 4,02 '·"' 17.27 15. 69 6.~ 5. 01 10.69 16. 18 
'l'eet tor 
Interaction 
tpt tea11 RS NS NS KS liS RS RS liS liS 

~·l.± Oo'!J'T 0,54 o .61 o .7, Oo71 o •• , 0 . 69 0 . 54 o.~ 

' 
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bow· .. r , si• ni f1o ant di ffermcee were nobel. et 60- 75 "AS 

ancl 75• 90 'lA:. -w-1na 60- 75 "lAq, kiln duet had. 

a1 a nif1 ~11Dtly lower "!:" than control . .,.,.,. ,..,~ of ca..,t 

and kiln duet and e<>il I!D1 ce•nt c!Uat were at par. 

At 75-'lO ""~tq ca•nt duet recorded a1 ~ ni fic •ntly lc""r MJI 

then kiln d.uat. The O":'l under kiln and eo11 dUet 

11ppllcst1ona u wll ee under a oll and ce•nt c!Uat 

eppl1cat1one were at par. 

':'hll e!feota of lavale of c!Uat ap 11ca t1ona were 

a1 &nif1cant at 25-40 , 40- 55 and. 55- 70 nA; durilll 1987 8 

and at 30-45 and. 45- 60 during the year 1988 9. At raat of 

tl'.e growth at111ea , ef!acta of l avale of appllcat1ona were 

not a1&ni f1 cant . -.u-1 the year 1986-89 , the OJR ahowecl 

arad.ual 1ncreeea w1 th c• upto 55• 70 'lAS and. upto 45-60 

DAS d.urina 1988-89 , raap ecUvely. a:R arac!Ually d.acl1nad. 

dur1 l at ter atcaa o r a rowth. At 25-40 JA:l ct111e 

(1987 ) , cr.R under 11 , 31 and 5. 0 a / a2 levels or duet 

appll cations showed a1&ni t1 CUlt rad.uct1on over control. 

t:'O'l under 1.0& ..nd 3. 0 r,/._2 lavale were at par encl. were 

al&ni !1 cently h1 Ahar then 5. 0 a/• duet ti!>Dll co tiona. 

At 4"- 55 'l ~ atqa duet ppl1cot1ona ,.t '5. 0 1 and 5. 0 a / a2 

la.,.la ahowed a1 s ni t1 oontly lo..~tr CO'\ than control . The due 

appl1cot1on ot the rota of 5. 0 a /a2 ahowed a1 anif1oontly 

1-at CGR yaJ.ua. CGR at control and 1.0 a/a2 duet 

appl1c• t1ona u ... u u 1. 0 1 and '5 . 0 a /-.2 duet ap lloat1oll 

were at par. At 55-70 >AS atq e , <:OR under control encl. 
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1. 0 a/ rl- duat appllaa t1on treatNllta were at par. "\lat 

appll cot1ono et 3.0 1111<1 5.0 a/ •2 level a had a1gn1 rt CAntly 

lo.,..r C':'l velW>a than ntrol , O''l un • er 1. 0 &o , , 0 1 

• nd 5, 0 1/.? level• were et 

"\lrl.~ the ., .... 19""'- "9 · • t )'l-45 , 60- 75 d 75- 90 

"Aq ato1•• • ·~~acta o r Rr adad levela or crust -s~ lla tiona 

on ~" were not si~ D1 '1 cant , ~he coq 'leluea recorde4 

li •n1 rt cant r rarencea at 45-60 ""-~ at .. a , At th11 at•• 

~'I veluea o r control pl ta (:50, 68 1 /.?l wa1 1111n111cantl : 

hi&hllr t han ell l ewla o f appllcat1ona (1 , 0 l o 5, 0 1 11114 

5 ,0 a /ril l , The 1111an o·~ veluaa or 1. 0 1 , 3, 0 a and 5 . 0 a/ • 
l e'ftll eloo d1!tere4 a1&D111cantly aao at each other, 

The lll.niaJa o::m ••• obaerw4 in 5 a /.? ( 24 , 52 a/,;) duet 

appli cation treat•nt an4 aaxl.aJa in control (~.68 a/,;) , 

Reat o~ the treatooonta had inter<aadiate co 

'>t!ect or 1Uata Pollution on 
'talative Crowth !\ate ( RGR ) 

n.ta preaantad in Tabl e 7 revealed that relat1'18 

~ rowtll rate 1r aduelly decllnad troa 25-40 to 85-100 "AS anc 

50-45 to 75- 90 'll q dur1~ ye.r 19!'7-1!8 and 19!18-89 0 

rea eotiftly, "'Y eah or duata on ralatiw 1rowth rate 

allowed a11n1 t1oant di rrerenca at 25-40 'H~( 19!!7-8 ) and 

1988 9 . At reat of the 

ot"'•• • aoil duat and ca .. nt -s~pll catioaa ohowed aon-

ail ni rt cant d1 r~erancu, "\lr~ the year 1987 caaant 

duot , ahowed a1&n111c""tly hi&her 'lC:R (0 , 0997 11,;/day) 
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Table 7. Effeet ot du..t pollution on r elative aro...th rate (Ron) (a/ rl'/d.:r) . 

'h'eat~~~ente 2S::lio i.lan .n~ 1!11141l1C ~~!37-asl 
40-55 ~-70 -0~- ~-100 !:!lXI ~ Ill~ ' j!illa:~l ;o:Ji~ l; . 75 5-~ 

3011 duet o.o9" o.0407 o.o:!IQ9 0.0072 o.oosa o.o425 o.o455 o.on5 o. OOII5 
C.•nt duat 0.0997 o.o406 o.om o.oo79 o. oo45 o.o449 o.o461 Oo0111 o.oo1t5 
Kiln duet - - . - - o.o4as o. o44 1 Oo0109 0.0052 
' P' ted ::ll.& o us liS liS NS Sl.& o 31&• NS sta . 
s c(a)~ 0.0010 o. OOOit o.ooolt 0.0005 Oo0001 0.0005 Oo0005 0.000 3 0.0002 
c. o. ( ,c) o. OO:!IO - . - - 0.0009 o.ooo9 - 0.0005 
0 ,,.2 Oo093J o .o~ o.om o.ooso Oe0051 0.0420 o.o4" n.o1o4 Oooo41 
1 • 0.09)0 o .Oiio5 o.o29e o.0078 o.0049 o.o45o o.o446 0 .0107 0.00114 
5 • 0.0995 o.011 11 n.o,9 o.oo12 o. ooto9 0.420 Oo0457 Oo0112 0.0051 
5 • 0. 1065 o. 0417 o.o526 n.0071 o.ool<4 o.ol<47 o.o456 0.0124 o.oo5o 
•v• teat st. a. NS ~ .. NS N9 '"il!o N9 s.ta. sta . 
SR(m~f 0.0014 0.0007 o.ooo6 o.ooo4 o.ooo5 o.ooo5 o.ooo4 o.0004 0.0002 
c. 0. "' o. oo44 0.0019 - 0.0002 0.0001 o.ooo6 
c. v." 5.71 .... o 5. 25 , .. ,,. 11.77 Jo79 '·" 14.16 ,,,8 
Teat t O/f/' 
Interaction 
' F' t en NS HS NS NS NS HS HS HS HS 

SE(a~J 0.0021 0.0010 0.0009 o.0006 o.ooo5 o.oooe 0.0007 o.ooos o.ooo, 
c. o. ") 
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~ h n aol.l ~uat upll o.~ tion At 5,.40 "lAS. -urilll! 19'18-89 , 

At 31>-"5 'l•'l • nt dust • ., Ucat:l.on (0. 0449 a /ril/<lay) 

sh<>,..d ai&nit1 cantly hi&har 'l~'l ~han aoil and kiln dust 

ot~pll c• tiona. Tha 1Gil. Yaluaa of aoil and kiln duat 

eppllcationa ......, at p 

of cellltllt alliS aal.l duata appllcationa were at par. 1'he R 

'Value a of caunt and aal.l dust appli Oft tiona ,..re 

ai •.nit1cantly hl&har tluln kiln duet appll cat:l.cn. ht 75-90 

OA3 at11•• ooaxlaua R~R was recorded by kiln duat applloatica 

anc1 waa a1&ni4cantly hla har than aal.l and caMnt duata 

applications. Ml.niaull ROR waa observed in ca-t duat 

application which waa a1&ni4cantly lower than ao1l duat 

appllcat:l.on. 

'!'he eff .. oh Of 11raded levela Of dUata sPI'llCatlona 

on qC'l ,.. ... a1 ani t1 cnnt at 5-"<' and 55- 70 n &• duri~ 

1987-8!!, en1 at ~..45 • ~0-75 tll'ld 75· 90 TlA, at !!A .. durl 

19 -89,ras aot1.,.ly. At raat or the ataaaa , affects of 

la'¥ala Of duata "" 11 ~-tiona were not a1anit1canto At 25-'10 

'lAS ataaa (19!!7-88), aanau• ~GR waa obaar ... d at 5 . 0 a/ril 

c1uat appllcat:l.ona whlch waa ai&niticantly h111 har than raat 

of the lnala (control , 1. 0 1 alliS :5. 0 a/a2) . l'liniaua ROR 

vu obaeryad in 1. 0 a/ril duat anpllca t:l.on. 1'h8 i!OR '¥aluaa 

a110111at tha leYala of applioat:l.ona 'Varied a1&nit1c1Jltly. 

Silll.lar trend vaa observed at 55- 70 FlA!l at,..a. 'llrilll tba 

year 198 9 , at 30-45 JA.; attile aaxiaua RCR vaa obaanad. 

i n 1. 0 a/r/- cluat appllca t:l.on and rd.nimJf..~::; t 

~
_.:-..,..rr ..- -.. , ...., t-

f/"f. ( r .( "\ ') \ 

, ( , . \w~ 
';~\ . F'-?.1~ .. /$ 
~ ..... ...... _ .....,./-?-
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appllcd1on (0.0420 a/rl/dq) tr .. t ... nt. ':'lw 'lOR vall.llt 

• at the bvela differed a1&n1t1canuy. .I t 6o-75 on 
atea• o lll.nJ.aua ?.GR waa ol> .. rved in control (0. 01oll a/,;/day) 

and llald.aum in 5. 0 a/rl duet appllcationa. 'l'ha '\OR 

a radua1ly increaaacl ...tth increuacl le'Vela of duet 

appl1oat1ona. t1aan dl f far.ncaa • ., at tha lavela _.a 

1'he 1ntaraot1on atrecta ware not a1~n1 t1 cant. 

":ftact or ruata " o lutton on Nat 
Aaa1111.la t1on ~ eta (NA ) 

!fat aaa1111.lat1on rete la a •awra ot app-nt 

nbotoaynthaaia. The crowth and yield of planta -

de l'ftdent on photoeynthata aullll.la d. I t a1ao •all\ll'tta 

the capacl ty of the laav a to produce and aaailll.lata clry 

11attar. 1'ha nat aeailll.lation ratea were calculated 

periodically and - praaentad in Tabla 6 . 

The 1napactlon of Tabla 8 indicated aaxiau• liAR 

clur1Dg aerly pha .. or arowth (1 . 96o c /c!rl/daY 111 aoll duet 

at 25-"0 DA3) w cb ar adually declined ...S.tb advance•d 

in aca at1ia1n111& cl.n1au• va1uea at 85•100 ~A~(0 .121 

c / drl/ dq) . ..d. lOllar trend waa followed by cam.1t duet 

UDder all lavela of eluate aopllcatlon, durliQI tba year 

19 9 0 llald.aJ• NAR va1uea ... ra recorded 

at 45-6o 'JAS ataca. NA.1 va1uaa ,.... lover durl~ aarliar 

( Y'-45 .., A>) one! htter phasea. The affects of elUate 

(soil end oe•nt) on N A" ware ala n1 t1 cant at 25-40 , 70-85 
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Tabl a a . .-.:t:t• ct o! duet pollution on net a .. illll.l ation rah (NAR) I!J&/ plen.t/day. 

'l'reetmanta O.I • after aolod.!!ll ~ 19!!z:-88l "-l a after aolod.DA ~ 1988- 89) 
B:Jio lio-'' , _70 70::e; !!!J- 100 , :r;; "'~ l:o: 75 75-

~o1l duat 1. 96o 1.1 , ,., . 913 0 .186 Oo1 21 1.0R:l 1. 270 o .,~ 0 . 095 
C.•nt duat 2. 240 1. 170 o . l!96 0 . 202 1') . 0"7 ,.,, 1. ,, 0 . 2!!6 Oo099 
iln dUst - - - - - 1·100 1. 220 <' . 283 0 .0 10 

•r• t eat '118 . NS 113 "'.1! • ';1 • • 'IS "'.1 • • "1A o N3 

5E( at5 0 . 079 o . o38 o . ozlt o . OOII 0 . 005 o .o,, o . o28 0 . 011 o . oo, 
c . o. ' ) 0 .24 1 - - 0 . 011 0 . 015 .:. o . oS> 0 . ())2 

0 , , ..,2 2. :510 1.270 0 . 9:59 o . 210 0 . 120 1.260 1. 360 0 . 528 0 . 107 

1 • 2. 050 ,.,, o.904 0 . 2011 0 .114 1.170 1. :520 o.m Oo100 

• . 2. 040 1.110 0 . !190 0 .186 0 .108 1.020 1.2)) o . 788 0 . 095 

' . 1.990 1.0S> 0 . 8811 0 .178 o . 09:5 Oo950 1.190 0 . 276 o.oerr 
' !" ' teat NS N'l NS Sl&o NS 6:~, 

. ,,. sta • Si a . 
SE(a~ 0 .112 Oo05 5 o . o ;,tt o . 005 0 . 007 0 . 0)2 Oo0 13 o . Oolt 
c . " · " ) - • 0 . 015 0.1~ 0 . 092 o.~ 0 . 0 11 
c . v." 13. 054 11. ))0 9 . 0a6 6. 26o 16 . 09:5 19.2 e.65 1 15 . ' ,.605 
Teat !or 
I niaracrtion 
• F' teat NS NJ Ns !1.., NS NS NS liS HS 
,;B(a) j Oo159 o . o53 o.o1t1 0 · 007 
c. D. ( ?l) 

Oo0 10 0 .107 o . o, 0 . 022 0 . 007 



.. ,,. .. 
and 85· 100 'l•• dur1 1987 -81! and at 4 5-60, 60.75 D.AS 

at .. e durins 198-" 9 , respectively. At relle1n1na at .. ea 

of arolfth. NAil. ~aluea wre net a1&n1 f1 cant. .AliOJI&at duet., 

ceMftt duet recorded a1&n1 f1cantly b1& boor I'IA.'l et 25-40, 

70-85 DAS ( 1987 8) and at 45-60 DAS at .. e ( 1 89) • 

At 85• 100 :JA.>( 19117 ) and 6o• 75 ( 198 9) D.o\3 at .. e , IIOil 

duet r eccrdad 111&n1 t1 cantly 

the duata. 

ber NAR valuea owr reat ot 

The attach of aradad lavale of duata appUcatioea 

1981 e. 
'!'he efff'ah ware a1~ n1 t1cent at all the at .. ea durina 

1<1~-89. '\lrin« the ye.r 1987-88 (7 ' 'lA'l et .. e) , 

...,xi.,• IU~ wee raoort!ad ln control (0. 210 a / c1r1/ c1 y) . 

IU'I value• r adually and a1&n1t1 <"antly d•-eaad with 

"""ry incre~ae in level ot duet e:> 11 Uan. nillla liAR 

(0 . 178 t, /c1r1/ dey) waa noted in 5 . 0 a/rl duat IPPllcatlona. 

tbot year 19 

I nteraction etteote were not a1t,n1 tloent c1uriJI& 

both the aeeaona. 

':f teot of 'l>at r oUutloc on 
chlorophyll content(6o OAS) 

Data preell!lltad 111 ':able 9 rnealad that chlorcpb:l'll 
Je,'.les 

oontont ot wbeet kvu e1&n1tl cantl)' decreeaed by oe...,t <!vat 

e;>pU oe tlon o,.r eOI.l duet duri 

year 198 9 , the ld.ln duet nh1b1 ted a1&n1tlcently lower 

chlorophyll content th~J~ ce•nt end eo11 dueta. Tha •en 

chloropbyl.l contenta ot ce!MI\t end aOI.l duete ware et per. 
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Table 9 . "'tract o f duat .,ollut1on on t o t al o~~o ro:>hYll content ( ., / , ft't' ah ~'l ilt ) 

ooneentreUon 1"'17- " 8 1 "'!~9 

'b' .. t.enb 0 1 ' 5 •~•an 0 1 ' 5 l'~all 

~11 du~t 3. n z.:n 2. 511 ? . 29 2, 70 3.12 2.77 2.49 2. 59 2.69 

,.e-t <iust 2. 99 2. 0" 2. YT ? , C7 2. 51 , , , 2 2 .72 2. 5 , ~ . ,1 2. 68 

r.U .n c!us t - - - - - 3. 01 2. 54 2. 42 2. 31 2.58 

- - - - - - -- - - - - - - - - - - - - -
MeaD 3. r 6 2. 72 2,46 2. 13 3. 10 2. "B 2 . 48 ?. :14 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - -

1' c Tx- r c 'h:C 

• F' teat . .ig . .J.s • liS ..S. t, • -d.&. 31&. 

SE( ll).i o. o5 o . os Oo11 o. o2 o.o, o . 05 
c. 0.(5 ,.) 0. 16 0 . 23 - 0. 07 o.oa o.14 
c. v. " 7.16 :5.69 
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The eff.,ch Of l evels of duets Q!:mlicationa en 

chlorophyll content were a!ant r1 cant dUrin& both the 

s•aaona. The chlorophyll contents were s1gn111c.ntly 

reduced at ell lev<!le o f dust lll>Plioations over control . 

l"ald.IIIUa chlorophyll cont ent (:5.011 end J o10 "'!! ) wae 

observed in control (no dust tll)plictotion) . ChlO>"oph}'ll 

content artodually deortu ... d as the dooa of dust 

appl1oat1ona ..,. ... increased. l'liniwa chloropllyll content 

(2 .51 and 2. 58) was obaervad at 5. 0 a/m2 duat application. 

Tbe interaction affects .ere non- s1an1t.tcan't in 

the first season. In the second aeucn, 1ntf!l'action 

atfe eta were a1an1 t1 cant. <;oil , caant and kiln dun a 

tll)plicationa racorc!.ad s1gll1t.tcant reduot1on in chloropb)'ll 

contents over control . I n soil and cel!l8nt duat applicati cm 

treatm.onts , si&ni tic ant rac!.uction in chlorophyll contallt 

waa observed 111 th e'Yery 1ncr aesad lenl of duat application. 

wh11& 1n kiln dust a;oplicat1cn, 1 a/rtf duat application had 

s1gn1t.t cenUy lo ... r chlcrop)\yll conhllt than control . 

3 a/rl end 5. 0 a/ •2 kiln duats alao shaved s1sntf1 c!lntly 

lower c hlorophyll contents than 1. 0 a/,; duat. Chlorophyll 

contents et ' · 0 and 5. 0 s/rl kiln dust ap Ueat1ons were at 

par. At 1. 0 g/,; !luat apl)l1cat1on level , ldln duet had 

ai&nit.toantly lotJar chloropeyll thlll> sa11 and ceaent c!ust. 

~bloropeyll contents of cecent md ao1l duets were at par . 

At :5. 0 and 5.0 8Im2 dust eppl1 oat1on levels, chloropl\711 

contents a~st dusts vere at per . 
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~ . 10 ''!tact o r "1Uat r oll uti on on 
~ .t. o r 'l'ranepiretlon 

te pre.onted 1n Table 10 re~ealed t t re e of 

trenlll)1rat1cn or v'-at crop vaa a1a n1t1c tly re4uoa4 by 

duat anpllcaUona durins 1 9. A 

and kiln duet bed a n1t1cantly l01Ar rate or treepirat1o 

tluoft aol.l duat. 'll.lriJIA tM yerr 1987 , the ettacta of 

clitfennt typea ot duata on rah or trenep1rat1cn wre 

non-a1an1 f1 oant. 

Tbl ettecta or a rad.ICI concentretiona or duet 

appll cat1oruo on rate o f trenepirat1on wre a1&n1 t1 c.Dt 

duri botb the aeuona. I'ha rate or tran8Qlr at1on v .. 

a1a n1 t1oantly reduced at all lema o r duata lloat1011la 

owr oollt rol . M.,d&aa rate or tranep1 r &t1on (4 . 52 1114 

4. 60 a/4.:Z/h ) ,.a obaened 1n control (>ro duat 

111)pllcat1ona) 0 "ate or trena 1 r at1on de- eH-1 I tM do• 

or dud I'>PllC•t1CDI W!'l 1nereeeed. 1n111.1 rate Of 

tranao1rat1on vu obsened at 5.0 a/.:Z uat 

The 11lte ract1on ettacta wre ncn- 11a n1t1 ant 

19!!7 8 , hovewr, 

T ae reeul te 1n catad that 1rreapact1 va or aouroe or 

duata , hi& her depoa1 t1Cllll en plenta raduoed rate of 

tranap1rat1on. 
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Table 10. lt t ect o f ~-'..l•t polluti.on on r ate of tran...,ll' L(&/dr! /bDv:r ) 

r.t>nceatr ;tioll 
( 1987-8'1) 

'l'riaiMn • 0 1 3 5 "tee 0 ' ' 5 ...• 
·on dus t 4 . 5 3 '· ~ :Z o"'3 ? . 'lO J,L 1 ~ . 513 3.99 3. 6 ., 3. 51 3.93 

ee .... t dut1t "·' :) 3. ? 1 2 . ~1 2. 61 '· "' 4 , 64 3.74 ~ . 20 2. <18 3. 64 

KJ.lll duet - - - - - 4. 59 ; .7'! 3.23 3. fl 3 3. 66 ------- ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- --- --
I" a an 4 , 5:> 3. "'7 .,. )"' 2. ? 1 4, 60 ~ . Bio ·.~ 3. 17 -- -- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 

'!' v l'xC T : '-.c 

• P' teat u J.' . k'l ;tg . 1.,. J.& , 

SE:( a).,t 0 . 04 Q, J6 C' .c·~ o.oll 0 . 05 (1 , 07 

c. 0. (5") - ... . 19 - 0. 10 o. 'Ill C. 20 

c. v." 4, 56 3o78 
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r •ect or uat ~ollution 
on 81o .. aa or at 

::>ata praaant.cl. 1.D r ble 11 showed non- ..t&n1t1oent 

ettacta ot types or cl.uata on bio aa rocl.uction in 

1987 However , 4ur1 

ei&ni t1cant et:taota. 0.011 cl.uat &?plication recorded 

a1Jn1t1c.,.uy b1&har bio .... of vbeat fcllowed by ceaent 

anct ldln dust in orctar . t.1n11a1a bic aaaa (6o6. 94 1 lriilwaa 

obaarved in kiln dust "-PPlicauon. 

<1o"a ot dust ., lio tiona abotlecl. Ill. n1t1o t 

<11 tta ano .. ln rar,~e ct ot bio aa roctuotion cl.url oth 

the .. aann..a. .ua ':!to a (5~ .16 

o'>aarwcl. in control (no a .., li c•ticn) . 0 •• ,,; 

8r•~ally ~eoreaaed the rataa or dUat applicat10DB 
1,.,"-

... r• incraa .. ct. nnt.ua 1::10 • (488. 53 81>4 5)7. 75 I~ 

obuervecl. at 5. 0 1 cl.uat appli tiona. ~•at or tbe traat•nu 

r~corclo inhrm<11 te b1oaaaa betv .. n cont rol and 5. 0 1/,jl 

duat Ill) 11 ti 01\ao 

Int.,racticn ettaob wra a11n1t1ocnt dUr1 both 

the aauo1111. ~011 c!uat applic tion racorc!ed sl.&n1t1cant 

r edUction 1n omaaa th avery 1nc:l'aaaad laval ot c!Uat 

" plication. · .• bile in c ... or oe-.>t dust , a11n111oant 

r eduction in bioaaaa vas obaerved at 3 1 anc! 5 1 duat/.1 

applioatiOIUo ln dust l()plicatiOD alae ahowed a11J1111cant 

r a<~uotion at 5. 0 a/ r.f c!uat application. '!'be b1oaaaa 
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Table 11 . -:treat or c:u.at pollu t1on on bi.o~~ass (s/r?) 

concentration '1281- BB) 'l~92l 
0 1 3 5 lle..n 0 1 3 5 Fe 

'freahenia --
Soil du nt 593.33 570 . 10 5~.00 5 10 . 00 55'1. 8 3 1",87 . 50 (,6 2, 24 645 , 00 572.50 6fo1 .81 

""•"' :luat 597. ~0 5" ~. 33 5 36. 66 ~66 . 66 54!> . 91 685. 50 (32. ~0 59( . , 525 . 110 609, 66 

rna du~t - - - - - 676.75 ~ '>2 , ''0 Cp , 25 5 15.75 60(;, 911 

--- - - - ---- ------- -- - . --
MeeD 595.16 57<: , E6 

''"· 33 
~,,,_ .,3 61''1. 25 '\ ~.71o 1\11'.16 5 ,.,. 75 -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -

T c 'xC '!' c ,.c 

' F• t eGt 1:~ ""j." J. ~ . 1&. 1&. -:i& o 

SB(a),:t ; . 55 5 . 0 2 7.10 1. 84 2. 13 3.68 

c. 0. (5 ~> - 15 . 7.2 21. 5 3 5. 30 5. 12 10 . 60 

c. v." 2. 24 1 . 
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rrodu · tiona at 1.0 & and 3.0 a!rl- kiln duet opplloations 

were at par. 

:w:-ina the year 1987 , the ..... blo .. aa o~ wheat 

wu not a r t ectad by typ .,a o~ duata ( aoll end oa•nt) at 0 , 

1. 0 end 3.0 1 coneent rstiona. Rlve'f@'l' , at 5. 0 slril doH, 

ceft!nt duet ahovecl a1&n1 t1o ntly lower bio u production 

t!>en aoll cluat. 

In 1~ 9, soil dust at 1. 0 , k,.o ancl 5. 0 a/ril 

duet epplieat10<1a reeorclec! a1&ni11oantly hl.&hl'r bi o••• 

thlln oe!lllnt end ln du.ata . Tbt ceaent and kiln duet 

c!i ffM-ed si~ Di t1c antly at ,.o a /ril do .. vhl.le •an bio .. ae 

nt 1 . 0 a aru! 5.0 a/rf (l oa .. were at par. 

Etrect o~ A&at Foll11Uon 
on Nu er o~ F.re/~ 

--eta presentee! in Ta a 12 r ... u led that nUIIl)er o~ 

e ara/rl or wheat crop war e ai&D1:t1 cantly reduced. by duet 

.,plloations in both the aeaaone. A., at duets , ce•nt 

dust had ai&ni t1 oantly l O>ter nullb r or eera/ -.2 than soil 

duet in the t1rat aeaaon. n.ri113 the year ,1 9 , eo11 , 

ce t and ln duets differed n1 t1 ently. l<.xl.,• 

nullber ot eara/rl ( ,;,2. 3) n I'd d in ao11 duet 

r>r>llostion whl.le lltnia.~ (2B". C!O eara/ril were recorded ia 
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'l'able .,j2 . E:tteot ot 4uat pollution oa. malabar ot .,:ratrl 

~::t:~t¥011 
( 1987-88) ( 1988-89) 

0 1 ' 5 h ell 0 ' ' 5 Ji'AC 

Jo1l <IUat 215.66 20:11 • .5.5 194 • .5.5 178.:11:11 19'1.91 .520.25 308.41 295.00 285.25 302.2:11 

ceaect duet 216. 00 193 • .5.5 187.00 166. 00 188. 06 :524.25 302. 50 267. 00 256. 25 292.50 

Kiln du.at - - - - - 322 • ."6 299. 75 26S. oo 257.50 266. 90 ------ - --- - ------------ - ------- -- - --- -- -----
Mea 215 . 63 '198.,, 19" . 66 172.16 322. 29 30,. 55 276. 67 261. 00 - ----. ---- --- - ------- ------ - ---- ---- ----- - ------

'1' c 'l'xC '1' c TXC 

•r• teat '1c. sta . II >; sta . ., .. s11 • 

S&(a).:: 1. 57 2. 22 '·"" 1.67 1.9, '·"' c.n.(5~ •• 76 6.7:5 - 11 . 61 5. 56 9.6, 

c. v. lC 2. 82 2.30 
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The efracta of s rede<l leW!la O! duat IIDDliOationa 

on nuaber of eara/r/ were aigni t:l.o ont duriM both the 

••naons, llulll>er of eara/r/ vera aiani t1 onntly <!eore .. e4 

at all leVtlls of duat eoplioationa owr ntrol, 

l" ox1mum number or eara/,.2 (215, 8:5 and :522. 29) were 

observed in control (no dust application) . llutlber of 

ura/rl were aignit:l.cantly decreased aa the doaea of dust 

applications ,..,.. increased, H1niau11 nullber ot etll"a/r/ 

(172 . 16 and 261 , 00) ~ere observed at 5,0 a/.1 dust 

applica tion. Re at or appli ostiona showed inh r11841 ate 

ear nuJa!:>er. 

l'he interaction et.feota were non-ai&niticent in 

the first aeeaon. In the aeoond aaaaon, interaotion 

attecta ware ai&nit:l.cont. 
1 

,r 

At 1. 0 a/rl duat appliontion l t val, 

in all dusts ... re at aro How'IIV81' , 

•• ,abar o:t 

t~,/r-.2 treatments , ce•nt and ktln duet fbad ailnit:l.c ntly 

lo•r ear nullber than eoil dust ap lid.' tion, l'!ean nutlber 

ot ears/./ ware at par at :5. 0 and 5. 0 ~·'{ ca•nt an4 kiln 

duet appli oati ona, . 

fladuction in 8111" nu•ber/,.2 vaa oba~vad v:l.th 

increased rates of dust applics tiona by soil , cemant and 

kiln duata. All duat eppli cations a1 ~n1 ticantly and 

&r odually deoraaaed ear nuaber ld. th avery inora- in the 

laval or dust applic ation. MP11:11111 ear nuabar vaa ob .. rvad 

in control lind lll1n111UII in 5, 0 1/112 duet application. 
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"'!!act ot 'lUst Pollution on 
Nullber of ~p1keleta/ ~!wad 

:leta preaented in Table 1' r&Yealed that nu-r 

or ap1kelete/ ear head of wheat crcp ,..r• a1&11111cantly 

reduced by duet appll c~Uons in both the seaaona, AIIIO at 

duata , ceMnt duet oho,..d a1&11111c tly lowr nu-r of 

apikaleta/earhead then aol.l duot in both the ae .. ona. 

l n 198 9 ' Kiln duat had &1&111 fie ly 

lo r apikeleta/ear than acil duat oJ: Jvst l•v• 1!> .~ 3 ~ s ~/,'-. 

Th" ef!ecta of a redad levela or duot .,plloetiona 

on nullber or 1 ikeleta/earheed were aian111cant du:r1 

both the aa8&ons. >lu!lber of lll>ikeleta/earheed ,..r• 

a1&n1f1cantly decreeeed at all lnals rt dusta eppllc UC!IIa 

onr con trol , ~arl<11a nulllber of a lkeleta/earhead 

(1 .10 and 15.!4) ,..re observ&d 1n control (no dust 

appl1cet1011) . ullber of ap1kelat/earh .. d &1&111 f1c tly and 

aradually decreeeed •• the levels or dust eppl1cat1ona were 

lncreued. ~11111.,• nulllber or apikelet/earheed were 

ob"rvad at 5. 0 &1,} duot eppl1cat1011 (17.13 and 1,.61). 

The interaction effech were net a1&11111cent in 

the first aeaacn. In the .. cond aeuon, interaction erfect1 

vera a1&11111cant . At all conoentreUona (1,0 0 , ,o and 5.0 

a/-.2) , sOil duot appl1oat1ona recorded areeter nu-r or 

apikaleta/earheed then oeMnt and kiln duet IPPl10aticna. 

At 1. 0 &/a2 leYel , ce•nt dust appl1caUon had atall111dantl: 

lower epikaleh than kiln dust, Mean ap1kelet nuW.«r/ear 11 
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Tal>le n. ~neot ot dUat pollution on aulll>er o r ap1kdet/earlwe4 

ODnoentration 31m"- ~l2!rl.S11l ~1988-S9) 
0 1 ' 5 »>ltll12 0 1 ' 5 l<e• s: •• i_iii 

11 duat 18. 62 '18 . 26 '17 . 73 17. :53 17.98 15, n2 15.07 14.41 13.98 111.82 

ce•nt c!uat 18. 78 '17 , 81 '17. 53 16. 93 '17 .71 15,82 111 .11 :5 111 . 24 , ... 14.118 

Jtila. du5t - - - - - 15.87 1loo82 14 . 22 13.112 14.58 

-- - - - - -- - - - - - - - - - - - - - - ---- - - - -- ---- --- ------------
lie .a 18. 70 18. 011 '17. 53 '17 .13 15. 811 14 . 77 14 . 29 13.61 ------- ----- --------- -- ----- ---------------- ---

T c 'hC :r c l'xC 

' f< teat q , ss.a. NS Sl.« o ...t.a. !:.la. 
!IE( II)~ 0. 09 0 , 12 0. 17 0 . 02 o. o2 o . Oii 

(5"l 0. 26 o . ~ - o . o6 0 . 07 Oo 12 

1.68 0 .59 
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}. 0 1 and 5.0 a/rl oe•nt I!J1I1 k1l.n duat appll tiona 

were at par . 

' oil , ce•nt and kiln duata ahowed ai&n1f1cant 

trend of reduction in op1kelet nuaber/ earbeld wUh evuoy 

incrauld level of cluot 81)pllcotion. Control (no duat 

appll eationa) recordld aaxi .. • ap1keleta/ ear. 'tih1le 

111n1,...• numer of apikeleta/eor wre recor<lecl at 5.o a/rl 
duat. Reat ot tbe levela heel 1ntlll'•d1ate apikelet nullf)ar. 

4 . 11< ~ttect of r::uat POllution on 
llullbf!r of Graifta/ held 

Inapectioft of data pr .. ented 1ft Teble 14 revealecl 

n o1' n1tl. oan.t et .. eoto of typea of duota (oe.,.t , aall 

one! kiln) on nuaber of sraiftl/asrbe d in beth the .... oea 

ot otudy. R>vewr, nu-ri oal co eriaOD o~ • .,.. ab-d 

aaxi .. • &rains/ ear bead in ao1l duat appllo tiCIIl tollowd 

by ce•nt 1n 1987-8!! and ac1l duat !ollowd 1 k1l.n duet 

and ce•nt duat 1n order in 1 9 . 

Tba efftcta ot: lnala ot: duet epplloet10ftl on 

nullber ot: araifta/ earbeld wre ai&n1t1oent dur1 both the 

.... on.. Nullber o! araiftl/ earbead wra lian1tl.cantly 

lowr at all l enla of duata applloat1o•u over fttrol . 

Maxi .. • J:IUJI!»r of arlifta/earbead (72. 70 an.d 50. It1) were 

obs•rved 1ft oontrol(no duat 81)pllcation) . !lullber ot 

a r ain.a/earbead arlduelly decreaald aa the do .. a ot ..._, 

appll c3ti0l\a were incraa .. d. l:tDI. ... numar ot 
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Table 11o. Ef fect of duet pollution on nuaber ot sraina/ <!11rhead 

Concent r at10D 
(1967..SS) ( 19813-89) 

0 1 ' 5 Mean 0 1 ' 5 
Treatunta 

sou duat 72. 73 65.6o 61. 70 58. 60 64. 70 50.411 48.47 45. 98 44. '57 

Oa~t duet 72.66 67., 61. 86 54 . 6o 64 .11 50.44 48.20 4(1 •• , 41. !50 

Kiln duat - - - - - !IO.,S 46.42 lo4.18 111.45 

---- - --- - --- . ------ - -- -- -
Mean 72.70 66. 46 61 . 78 56. 70 50.41 47.71 44.76 6:t.t.4 -- -- - - ------ - ---- - ------- ------- -----

'1' c 'l'lrC T c 'l'lrC 

' P' teat liS 'l11! o NS tiS 51&. liS 

S!t( a)_t o.S4 1.19 1.68 o.44 0 .51 o.ea 
n.(5ll) - 3. 61 - - 1.47 

c. v." 4.52 ,.eo 

Kaan 

47.~ 

66.06 

66. '10 
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aral.na/urhead ""r• obaer,.d at 5. 0 a/rl dust application 

(56.70 and 42 .~4) . 

The 1nteraot1on atteota were non- s1an1ticant in 

both aaaaons. 

Sffact ot at Pollution on 
Thousand Crain Wei&M 

Data presented in Tabla 15 1nc11 catad ai&ni :a.o t 

reduction in teat weia ht ( 1000 aral.n weta ht) ot wheat by 

caJMnt dust application over aoil duet application durin& 

both the aaaaona. Kiln duet IPPli oett on ( 19~ 9) 

raoarded ai&n11loanU:r lower test weia ht th8ft soil dUet 

applioaUon. Teat wei ~ bta ot ce•nt dUet and kiln dUet 

app11 ceti ona ""ra at J)ar. 

The attaota or araded leftla ot duet applications 

on teat weiabta ware al. ~ niticant durina both the aa .. ons. 

The teat wei&hta ware al.&ni tioantly reduced at all lnala 

ot duata a plication& owr control. MlllCiiiLia teat ,..1a bt 

(36 . 50 a and 55. 9:5 &) ,. .. obaerftd in control (no dUst 

application) . 'I'IIat va1a llt s r adually decreased •• the 

doaea of duat applieationa were increased. l'.kliiiUa teat 

vai&bt ,. .. observed at 5 . 0 a/.J duet applioation("'. 0:5 and 

33.12 a) . 

The interaction e:tteota vera non• al.&n1tioarrt in tha 

tirat aeeaon. In thto aaeond saaaon interaction affaota _.l 
al.&nifioant. Teat wei&ht of control 8ftd 1o0 a/a2 ao1l c1Llat 
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Tabla 15. "'ftect ot duat pollution Oft thousand arl>ln ...U ~; ht (a) 

rna'f-8l'JJ -~~- - 1'986-89J 
CoJ>caDtrat1ona 0 1 3 5 ffeiiXl 0 1 ' ' Mile 
'l'reat•nt a 

Soil dtat ~.154 :!6 . 20 ~. 00 311 . 21 35. 76 3!5. 99 35.82 '!A . 07 ,3, 88 '!A . 911 

CeMilt duat ~. :55 "·" , . 01 , . 85 35 . 14 3!5. 93 '!A. , 32. 65 32. 25 , .80 
It1ln «uat - - - - - 3!5. 62 , , BO "·'' ,:5. 25 '!A.10 

. - --- ------- - - ------ -- - - - -- - - - -- -- - - ---- - ----- - --- -
I'! a all ~.50 3!5. 76 !15 . 50 )lt . 03 ;55. 93 '!}< . 65 " · "2 ''-12 - ------- - - - -- -- - ----- - --- -- - - ------ ----- - ---- - -----

T c l'xC .. c 'l'lrC 

• F' t eat J1a. "'-· NS '1a . ~~. '.ta. 
SE(a)~ 0 .12 0 .17 0. 21t 0 . 15 0 .17 o. ;,> 
r.. 0.(5 01) o. 'J7 0. 52 - o. t.3 0 . .. 9 o.86 

c. v. " 1. 18 



•• 70 •• 

appllOJUona were at PM'• Tbeaa treat nta recordecl 

&i&llifioently b1&h•r hat ...Uallt over 3. 0 end ,.o uri 
aoil ctuat appll cat1oWI. r .. t we1ahh of ~.o a end 5. 0 a/a2 

sOil clueta 1o10re at per. "ll.llll.lar trend wu ob .. r'fed 1n 

•-t duet eppllcstion.. Th• kiln duat app11cat1oll 

raoordect 81&111 fleantly b1sbor tut vei~bt 1n control owr 

ell ctoaea u..,d (1.0 , 3. 0 end 5. 0 a) . 7he teat WRi&h1: of 

1. 0 a , 3.0 1 end 5. 0 r, / .Z 4u.t liP Uoationa were at par. 

At 1.0 1 •net 5 . 0 a l e•ela of duat appllcotiona, 

oe•nt ancl kiln duat applloationa recorded 11&n1fioantly 

lower 11 .. 11 vetabta than aoil duat applloat101l. At tbeaa 

lenlo , teat w1&hta of kiln and oe•nt duata were at par. 

At 3. 0 a/a2 level , teat wei&bt of aoil and kiln duata 

were at par and a1&n1ticantly b1&hllr than ceaent dun 

appllcet1on. 

~tteot ot ouat Pollution 
on Yield ot "beat 

Oat a ( Tabh 16) allowed a1&n1 t1 cant affect a of aaln 

(eluate) and 8\lb-traat ....,ta (conoentrationa) on arlin ,S.eld 

ot wheat durin1 beth the u eaona. 501.1 duet application 

r e corded a1&n1f1c•ntly b1,. hu &rain yield (205 . 66 4 

286. 04 a/a2) then oe•nt ( 197. 41 and 267. 25 a) and kiln ctuM 

(271 . 55 &) app11cat1ona. r.ratn ,S.eld of kiln duat and 

caaent dud l!l>nlloationa ( 1988-'19) wra at par. 



• • 7 1 

Table 16. ':1'fect o t duat pollution on Jiald ot whe10t a /a2 

OOncentraUona ~ 1987-88l ~ 1988-89l 
0 1 ' ' Mean 0 1 ' s ..... 

Treat-ta 

':oil duat 2~.00 209. 00 200. 00 18 1. 66 205. 66 D 2. 16 29 1. 25 287. 50 26 3. 25 236. 1111 

C.Mnt duat 228. 00 205. 00 181.66 175. 00 197 . lo 1 D 3.75 272. 00 257. 50 235 . 75 267 . 25 

IUln d.uat - - - - - 2'!9. 69 !>81. 1)() 26'1. 75 2~ .75 271.55 -- - -- -------- - - - ------- - - - - - - - - ---- --- - - - - - - -- -
Mean 2D. oo 207. 00 190. fl :5 178. , D 1. 87 281. ,. 2 271. 25 2lt5 . 25 -- - ------ ----------- - - - --- - - -- - - - - - ----- - - -- - - -

T c TxC T c 'l'l<C 

• F' t a at -.s.,. c.ta . liS '-:!.& . 51& . ,....1 • • 

Sl!(a),t 1.70 2. 1oo '· ~ 1.66 1. 92 '·" 
Do (5!Q 5 . 14 7 . 27 - lo.79 '·'' 9 . 58 

c. v." 2. 91 2.lo1 
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'\'be affect of lov.J.a of duat op Ucationa aD aratn 

yi"ld ,..ra aign1t1cant dur11'1f! both the aauona. Tbo aratn 

yi el d vas •4111t1 e~.ntly reduced t .J.l levela of dust 

eprliootlona over control . Pima yi eld (2)(). 00 1 snd 

)()1 . 87 &) vas obaervad i n c trol (no duat a pli cation) . 

Grain yi el d &radually decreased as the l a,•la of dust 

appliootlons ..era incra ... d . l'.lnia>ll a ratn yield vee 

observed ~t 5. 0 1 duet ~pli cation ( 178 .33 and 245.25 a) . 

Rut of tbo doaaa r aoordad inter •diate yialda. 

Tho 1nbraotion eftacta were non- ai&Difioant in 

t ile t1rat aauon. Hova...r, in second aaaaon , lntaraotion 

af t aota ware ai!,n1!'1 cant. All concantr ationa ot acl.l , 

oaosant and ldln duata ( 1.0, 3. 0 and 5. 0 &) raoordad 

ai&n1!'1oantly lo,.r ar n yi alda than cont rol. Crain 

yield at 1.0 and 3.0 a/ •z aoil duet application• ..ere at 

par and ware ai&n1t1 cently bi&her than 5.0 1 eoil duat 

application treatment . llo_....r , in case caMnt d kiln 

duat appli cet1on a, s r ain yielda were ai&ni t1oantly end 

aradually reduced at all the concentrationa atudle • 

Maxima yield vaa obaarved in contr ol and lldniiLia 1n 

5.0 c/.P duet application treat .. nt . 

•t 1.00 and 5. 0 s/•2 concent r aUona , &rain yield 

ot oaMnt end kiln c!uat "''Plloat1ona were at par and 

ai&ni t1 cantly lovar than acl.l duat at aillll. l tr rat•• ot 

application. llovnar , at 3. 0 s /.P duet IIPPllCation 

traatMnt , &rain yi eld vu ai&ni ficantly attactad by typaa 
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or duets , llax111Ua grain yi eld at th.l.a level waa reoordad 

by soil dust followed by 111ln duat and cement dust in 

4 . 17 Erteot ot at Po~lution 
on l!ervert Index (HI) 

Hervest index exh.l.bi ta t he pattern or dry aatter 

partiUODllll i n plants, It also axbl.bita direct ral.atiOD 

vi th eoonollll.c yialdo l'he har"teat indax asti~~etea re 

aada troa tha data end era presented in Table 11. 

scrutiny or data praaented in Tabla 17 indi oatad 

non-a1&n1fioant etteeta ot types o r dusta 011 heneet 1Ddax 

4ur1D& 1987-811. l-bwever0 ai~Difl.cmt effaeta wre nota4 

duri ns 1989-89. rurill!! the year 198 9 harvest ln4u or 

ao11 dust an4 111111 4uata were at par. ~-nt duet 

appli cation hed a1gn1ti eeD11lY l.,..r !II than acd.l and ldlD 

duet a. 

Tbe levela or dust IP 11eat1ona exh.1b1tad 

aia Ditioant dittarencea durins both the aeasoM. l')Jr1Jll 

1987-88, 118xhua fO: vaa recorded in control plants. All 

level a ot duet applloetiona ( 1 , .5 and 5 a/rl-) showed 

aian1 f1 aetly lover HT than control , Tho harvest 1 Ddax 

ot 1, :5 ond 5 at rl wen at per. I:urilll 198 9 , aa>d.aua 

HI vaa observed in 5 a/rl- duet IC>Plicatlon, whl.ah veJS 

aianiticaDtly hl.&her th811 r .. t at the treatMllta, The HI 

at cont rol , 1 aDd .5 &/•2 vera at p ar. 
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fable 17. -rr e et o t duet pollution on barw•t index ( ") , 

O>ncentrationa 

froeat•nb 

sou chat 

C.•nt dun 

ltlln duat 

l:eu 

' F• teat 

SE(a)~ 

c. 0. (5 JIQ 

c. v •• 

0 

39. 11 

:38.18 

38.65 

r 
NS 

0 . :38 

-
3.59 

(12§!-'!§l 
3 ; 

36. 66 YT.~ 35.151 , ,,, 33.85 Y7.511 

35. 90 35 . 80 36.47 

c l'xC 

::S.&o st.a . 
o.51o 0 .76 

1.63 2. 31 

Ye.z1 

YT.28 

36.18 

{3~'1-~l 
0 1 ' ' 

43.95 It 3. 98 ""·'7 1.15.99 

loll.31 43.04 43.19 ltlt.91 

4lo,28 45. 18 43.82 lo5.90 

lo4 ,1B lo4,07 43, 86 lo5 , 6o 

.oi& o 

0 . 27 

C fl<C 

...i&o 

0 .36 

NS 

0,54 

Oo7B 1oo4 

2.43 

r.ean 

44,62 

43.86 

""·eo 
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I nter action ar:rac"t a were a1sn1tlcant dUrirt& beth 

the seaacna, In cue or aoil at duri 1967-88 , control 

and 3 &/ • 2 dust ap pli c tion showed a1 ilar 1-:X , ·h1le 10: 

o:r 1, 0 & and , ,o &! • 2 duat ~;~pli cation were at par, 

':'hesa e atiaat ea were a1&n1t1c•ntly lo er theft control, 

In o .. e or ceaent duat , liT of control and 5, 0 s/rl duat 

poli o•tion were llt Ar ..,d ..-e a1&n1 tio tly su erior 

over 1 a d ., &!rl duat ennUo t ion, q...-..at inl1ex of 

1 1 alld 3 s/rl .,.ra alae at per, "\\rlftl 1988 9 aaxl au a, 

HI eeti aatu .,. ... obsened in ' alrl <luet pli cation 

(cewnt, aon and kiln dust ) , 1 a, :5&/rl aM. contl'Ol 

had mora or lese a111111ar HI . 

Correl ation or nuat Pollution lllth 
Yield and Growth Para•tera of '•'beat 

In order to tl.nd ou-t vlwther concent ration leftl 

of duat pollution haa any relat1onah1p e1 t h&r '14 th yield 

ot vlwat or with &rovth para•tll'a of tile crop, the 

prOduct aovawnt correl ation coaftlclenta haa bMil 

atudled. 1'1w correlation coettlclanta worked out tor tlw 

pollution o! d1 t:rerant duata aa wall aa overall duet 

pollut i on ara preaantad in able 1 • 

The Table 18 ln<!J.cated , in aenaral , the .ae~•t1 "' 
ralationah1p o f concPntration lav• or oo'lutio lllth 

al aoa t all the r,rovtb pare•hrl nd alae '14th t lw yhld 

under pollution of all the typee of duet , t,e, aoll ,ot•ll 

and kiln dust , lbweftr, ln oase or aoU and oaaet clultl 
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Ta~l• 111 , ~,-rdation coa#f'1c1enta bet ., duat oonoeatreUoa 
and MoMtrical / hysiolo•1cel charect ra end :y1e14 
or •hi> t. 

c11 atnt 
No . <1aat duat 

o tricU o'~rpctArs 

1. neld/rl .._, , 35j 

2. 'lo ,or • rh< od/r:l - , 2~7 
+ 

, . '10 , 0 ! k •ts/ - J . }'~2 
eerheac! 

4. •·o .o!,. r.drt~/ 
ear head 

+ 
-0. 6 

•• 
.527 

• 
, 407 

, 40} 

• 
· "'~ 

,, '!'l:x>U81f\·1 Sral.n 
""l•ht 

. .. 
-o.rn . 787 

1. '1oS4sa/,; 

e, ':hlorep ~yH 
oontPnt 

9 , <ate o! 
tr sn1ration 

1 1. .~ .. . ; . . 

.. 
• 719 .el!lt 

- . 145 .192 

or! !l ~·nt • 1 lii'Hil 
.S.• n1 t1 oant at 5 level 

+ .J.anl. t1 o• nt at 10, levu 

Uln 
duat 

. 
. 960 

•• -o, 949 
•• 

-o. 91te 

• 
-o.907 

, ,1 

• -o,, 1 

•• 
-o.eez ... 
..(1 ,71 

. 719 

Onrall 
dust 

.. 
-o. 769 

.. 
, 619 

0 , 08, 
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and over.:U ctus t pollutions, t he cholractera llarl au a 'lQR 

and 114ld iiUII MAit wera not found to be related ..tth the duat 

c~noentraiJ.on level , 1111ill«'l:Yo nua"bar or aarhaatla/a2 

un.Sar a<lil cluat and tt>ousand ara!.n wel &ht under kiln dust 

t ndi c .,ted relatlonahl.p >dot h duat conc~ntraiion at 

or a1&n1 t1 cenca, 

4 .19 Influence or "\let ~>olluiion on Y1al4 
!lM Crowth ~ lll'allletera or 'h<t t 

lC level 

rJ.nce aliiOat every character vea round to be 

relat ed wi th dust concentration l aval , linear rasraaalona 

or the .. chAr otara on dust oCilOitntraUon haw been 

t1 ttad to 8U88S t he ll&llni tude O! the 1nfluance or 

pollution. l'haaa f1 ttad r._raaaiona era giwn in 

t.p endlx· l end the elest1<lit1aa (t , e , perctmtfllla oh a 

in dependant character t or certain percenta~a chan&a in 

polluti on level) aa work od out troa these rea~salona 

Ql'a presented in 'ro.blo 19 . 

he alest1o1 U ea preaentad in Table 19 r a, aalacl 

de triaental atracts or dust on yield, yield attributes 

end phyaiol c&l para .. tar a except aaxl aua 1\GR Wider soU , 

c tt ... n t and kiln ctusta tr aat111811ta, Aao at dusta, oa•nt 

dust nh11>1ted asxiau11 d4't r1...ntal erracta tollovac! by 

ki l n dust lll'lc! soil ~uat in order, ~he phya1ol081cal 

char >ctars , naMly0 c"loro hyll content 81\1 l"ata ot 

au b a!'acted oharac~ers by eluate 

pollution, ~ata o! transpi reti on vee a reetly a!tacta4 
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Ta l o 19. ati c:l. u .. a o t biorJetri cal. end phy&1oloa1 cal 
cheractera to dUat ncentration under c!1 ~rent 
type o"' <1\lnt in who t 

~r. 
'"l&!lti ei !%:~ !!2 to concentr-ation ot 

No , Char.a'•r• ~oil "" ftt ld.ln ~v ,.all 
duat duat duat dlzat 

~o•tri!!M Oh!rlo,er3 

1. Y1old/rl -7. 089 ·10 . 86!1 - 9.714 - 9.113 

2. No , ot eerb .. da/ rl - 6 . 019 ·10 .458 -10 .149 : 8. 610 

'· No, o:t pil<olets/ - 4, 447 - 5 . 3.!11 - 5 . !120 - 5 . 0111 
e'rhead 

"· r:o . or ~reina/ - 7.714 
.. arbead 

• 10.412 -"'·"" - 8. 9, 

'· thou...ad ein 
hi 

- z.~ - 3. 986 - 1.588 .. .!l.olo' 

6 . l'p, LAI - :! . 422 - ,.987 - z.6o9 - .!1. 066 

1. oma•s/,} - 7. 261 - 10. 7 •11'1.6o5 - 9.420 

p~ olo•a,oN. c!!!r!l2t "'" 

"'hlnropl!y'll r:ontont -1 • ~'"' • 1'l . .. TT - 6 . , , •11··66 

9 . ~at• ot -14 , 'i16 -~.431 ·17 . 951 •17.5~ 
tr nSD1 r tton 

10. ~~ax . ~f.,-: 3. 214 6 , 429 - 5.6 !I 3. 75 

11. Max. lUll - 4 ,156 - 6 , .,.,, - 8. 598 - 5. 952 
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tollo..,.d 'oy cl'>~oropbyll content indi ~l'lti the 

diatur'oance in g .. eoua axe an•• and eaeneret1on ot 

photoaynthetic apparatua. Amo at the yield oontr1but1na 

ch aetera , nuMber or eare/ m2, nu~•r ot a 1keleta/ 

earhoad ahowad reductions under eluate oplicatione. 

The types or duatre exh1b1t&d varying attach on 

yiel d attributes . Celllllnt duat --recorde<i raex1mu11 peruntce 

re<1uet1on in case or eer nu-r/~ , b1o•ua/ ra2 and 

max111U'I4 LAI followed 'oy kiln duet and aoll dust in order. 

Kiln duet exhi'oi t ed maximum percantege reduction in 

nwoer ot apikeleb/eerhead and nullf>er ot 11re.tns/ .. rhead 

followed by cellellt dust end soil duat 1n order. 1oll duat 

did not iru!.ioete maximum ro<luot!on in ony ot the &elected 

chareo1era. 

Thouoand ar..tn wei g ht ..... lll.leh a ' teoted 'oy C.lllellt 

duste opplioet1on followed by ec11 ~uat and kiln duet in 

order . Maximum AR waa reatly deereaaad 'oy kiln duet 

pollution followed 'oy ulll8nt and aoil duat while llelt1 .. • 

Tlt'JR was <!ecreaaecl by ltUn duet appll cation only. Y.owever, 

lllald.!ll.lll RGn was increased by 6,429ii and :5. 211t" by ce~~ent 

and soil dust applioation rupectively. 

4 , 20 4."l•lys1a of the Effects of 'Uat "alluti on 
and Growth Jl!'arametara on Yiald of ''heat 

The natW' 1al relationahip ot arowth paraMtara 

wi t h yield end , in turn , the inter correlations aao at the 
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growth paramet ers and dust pollution l evel baa necual. tated 

tha analysis o f the e!!eot o f each character into <U.rect 

""d indirect &t• .. cta. f'enee , the Mthod o f path anelysia 

which elao 1 ~,.nt1titta tha c >,araetera reapcnai ble for the 

yi t!ld h3a hi!t!n adoptt!d. Tt waa ob.,.rvt>d t hd in e1tht!r 

aot or only bioMtrieAl eluor~ctera or only phyaiolosicel 

characters or ell t he characters to• ether, the total 

contributions ""re above 90!1 and w re not ditr~~rina much. 

Thia 1nd1catea t hat any ot t he .. ta o f either b1ometr1cel 

characters or ot p!lrs1olo, 1 eal charectera ia auftic1Pnt 

to explain t he 'WI)ri ation in yield. 1;8 aueh path analyaia 

have not been done for all the charec.tera toaether but 

!or t he bi o tri cal and phyaiolosi cal characters aeparate1y. 

c!!ect of biometrical charachra on Yield 1 

The reaulta ot the path analyaia on duet pollutioa 

and b1ometr1cal character '14th yidd o ! whut •• dapendeDt 

character are pruentad 1n Table 20. 1( a) to Table 20o1(e). 

4 .20. 1. 1 "'ffecta under duat tree en'dron~~ent t 

"lat a pr tta.,ntad in Table 20o1(a) indicated 

a1 ~ n1 t1 o-nt and hi~h da•ra• or to t .U uaoc1at1on batwea 

b1 oMtrical characters and yield un>ier dust free 

environ• nt . 1'he <U.rect poa1 t1 ve effect ,.era ob .. necl tor 

eera nuabor/ a2 (0 . 5305) followed by b1o .. aa/a2(0.2470). 

The nuaber o f a ratna/earhet!d tb b indi cat ed the necativa 

correl ation w1 th yi eld, 1 ta dirPct effect ...saa poal. Uve 

i . e . 0 . 1822. l':llld.IDUII L!J exh1b11:• d low 11 reot ettaot 
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Tobll! 20.1 (a) . ""!rec t en4 1Jid1rttct o.ttocta (path .,alyoh) 
ct bioMtriod c hill' etora uader t!:\aat free 
Ollvl.ron.,.nt en yield or wboln. 

Char a- Chorooura '•"otal J:ll.roct Totality Intl.UColJ!I 
oter corre- ot.tt>ct ot oharootco(a) 
I o, l ation lndl ct & ita 

treat iii<Uroot 
ottooh 

l'housen4 ara1n (3)..0 . 1669 
weiaht ,,,-o.19119 

'· ~ o. ot oplkoleta/ . 9869 . 4119 -o. 5750 (4) o.1766 
oarbolad (5)-o.n"«< 

(7)-o. 1' 

4. <o , ot /l,ralna/ . 9563 0 .1822 . 7741 ,,,-o. m 1 
oar heed (5).0.516' 

(T).Oo2307 

'· ~o.of •~r•/rl 0 , 9'lll6 n .5~ o . 45lo1 (3) o.II069 
(4)-o.177fl 
(1) o.2~01 

6. ax, LI.:I • 72"9 0 . "682 , 6617 ,,,-o.,,1 
(It) 0.1162 
(5).0.39~ 
(7).0.~ 

7. 1o •• ;-.2 0 , 9789 . 2470 o . 7:519 (') o .408 
(11).0.1102 ,,, o.,,'TO 

1? . Dult ollution Nil 
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(O.o682). ~ character , nuaber or ap1keleta/ee:rbead 

recorded atrona neaat1ve dire~ etfe~ on y.1eld(-o. 4119). 

The character thousand &rain we1&ht alao recorded lov 

( -o. o9,S) neaati ve direct effect. 

The total indirect e!fecta 1ndi oated a!Old.ILia neaati YR 

indirect effect. of nullber of &raina/ aarlteed (-o . 1741) 

aapac1ally tltroua h nuaber or '•are/rl , nuaber of apikelate/ 

aarhaad .,d b1o .. aa/ ri , tollowd by ..n .. a LAI (.0. 6617) 

thro It nuaber or apikeleta/ earheadf nuaber or &ra1na/ 

earbea<!l nu-.er o r aara/-.2 lllld bioatJ .. / a'lr nullber of 

optkel eta/earbee<! (.0. 5750) tltrou! h nullbar of &r aina/ 

earlte~d , nuat>er or eara/a2 and bloa .. a/ a2 and thouaan<! 

sraln weilht (-o . }352) tltrou~h nuaber or ~&elna/aU'haa4 

and nullber or eara/rl ln ordar . 91oqaa/ r1 uhl.bited ..n .. 
poa1t1ve indirect etntota on the yield (0 .7,19) tltro\ISh 

nu-r c t apikeleta/ ~tar head en<! number ot RU'a/ r1 and 

neaativel y throuah nuaber of ara1na/earhaad(-o.1702) . 

Nullber of .. ra/r1 alao exhl.bited sreater indlreot ettaota 

(0.1154 1) tltrouah nullber of apikaleta/ aarhead and b1o .... / ril. 

Hudler of aara/a2 r ecorded neaative indirect eftacta 

(.0.1777) throU&h nuaber of &ra1na/aarhea4. 

In a•neral , data indicated that nullber of eartl/ ril and 

bio,.. .. / .1- are .. jor yield eont r1but1D8 cltara~era. The ran 

ot the ohU'actera ahowed • raat er neaativa indirect afteota 

on yield through other chare~era. Nullber of spikeleta/ 

earhead atroft31Y a'teotod the yield directly •• well .. 
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1nd1ractly thro h othor cherect e . 

4 . 20.1 . 2 -ffact llllMr eo11 duat pOllution 1 

:lata pr .. anted 1n Table 20 .1 {b) 1n41catad 

peal. u ... corralat1on betwaen nullbar aara/ a2, b1o•ae/a2 

and t he yield. The r .. t of the b1oMtn.cal cbaractar~~ 

and duet pel . ut1an exh1b1 tad lla&at1 va aeaoc1at1cn 1il th 

the yi eld. Under 11011 duet polluted en'l!ironaant e.

nurtbar/ rl- , nurtbar of ara1ne/ aarheed an4 b1oaua/rl 

exh1b1 t ad posl t1 va diraot affaote on Ji eld. Nurtbar of 

sp1kalata/aerhaad ond duet pollution exhibited araatar 

nesau .. a atf'tocte , thouaand arftill wehht and llaldaJa LAX 

ha total 11ld1raot 

et recta ot b1o• tr1cel cheractare under ao11 duet ptllutecl 

an..troll•nt ware a11111ar to cnntrol . The clu.at pollut1GD 

abowacl 1 ract etraota thr h ear nu-r/rl- lll1d n r 

ot apikalata/ earbaad. 

4 . 20. 1. , Effect• under ca•nt duet pellut1011 1 

Under ce~~ent dud polluted an..trOilllellt 

( Table 20. 1(c), duet pollution 11ld1oatad poor direct 

affeote on yiel d. However , 1 t atronaly effected the Jielcl 

thro h thouaand a ra11l wai&ht , aara llUrtl>flr'/,; and 

bio•ea/riZ. The at!ect of duat pollutioll throuah 

bio•aa/ riZ and aara nurtbar/ riZ ware nqat1 .... Raat ot the 

charaotare had a1a11.,- atfeote to that or ocutrol . 
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Tabla 20.1 (c) . '1rect end 1nd1raot affect. (pa1h analya1a) 
of b1o11tttr1c c~ar·ct~a ar.~ o""'"''t duet 
pollution on yield ot wl»at. 

Che:r&o '11ar ct&re 
cter 

"'· 

2 . Thouar.nd sra1n 
wai&l!t 

5 . r: o, or pi kal.ata/ 
e l!l'be d 

4 , No , ot sro1ns/ 
ear head 

!I. No. ot ears/ rl-

5, !"ax, LAX 

7 . ~of!JtJaa/,.2 

1 , "\lst pollution 

Total r eot Totality Inn ncina 
charao'Wr( a) 
.md ita 
111diraot 
attaota 

co ._ at!aot of 
l~'tlon i ndtraot 

0. 0775 

effect 

. 1486 ..0 , 0'!11 (') Oo1740 
( 7 0 .1569 

, 4997 ~ . 2321 ..0 , 76:!:: (2) ..0.1114 
(5) -o.5~2 

-o . 4671 -o.047~ -o.4196 (2)-<>·1071 
(') 0.220!1 
m -o.•• 

0. 969!5 0 . !3537 0 .1158 (5) ..0.11!47 
(7) o. 2623 

M0 o1525 0 . 0251 ..0.1272 (') o.164B 
(5) -o.2,26 

..n,5 1 0 , 0'7!38 

· ' 1 (5) 0,6694 

, 447'9 (2) 0 .1169 
(5) . 3417 
(7) -o. 94 
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4.20.1.4 ~tfeot und~r kiln dust pollution 1 

Kiln dust ~ollution (Tabla 20.1(d) ash1'bltad 

atr direct at!aot on yield (-o.6201) •• Kiln Cluat 

~ollution r acorelad l ow ne&ative indirect affects. It 

attechd yi@ld tbro h nUlllber of apikelet./aerbtMI 

(-o.2AOS), bJ..o•asa/m2 (-o. 2691} • nullbar of ar81na/aerheed 

(-o.104B) and nu•ber ot aara/rl (0 . 278) . Kiln duat 

affected yield atroaaly tlrouah nullbar o:t aera/rl, nullbar 

ot epikalah/aarhaad and bl o ... aa/rl and ahowed neaativa 

•ftaota. 

..tfeot under sentr al pollut1 on 1 

'l'ttbla 20.1 (a) ashlb1tad danlfto nt neaatin 

oorralat1on b an yield and dust pollution 1 . e. -o.47,5. 

1'bt duet pollution recorded low direct affects (0. 0,50) 

on tht yield. However, totd indirect affects ot duata 

pollution tbrouah ear nuaber/.1 and b1o ... u/.Z vera 

araator and DIISati ve. 

In aanar al, b1o•tr1od characters under duat 

trH and polluted anvlr<n•nt uh1b1tad aora or laaa 

slllilar attecb on yield. Overall duat pOllution en4 

oe•nt dun pollution attacted yield tbrau&h oth_. 

characters vhUa alll.l duat pollutioc and kiln dud 

pollution attactad the yield directly. 
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Tebt. 20. 1(tl). "treot !ll'td 1MJ.reot et1'eots ( a1h anlllysh) 
or b1o.,..tr1oal oharsct e and !:!ln <7118t 
p llut1cn on yleld ot wheat. 

Chal:'a- Charect>tra 1'otal ... ot 'l'otality rnn.wmotnc 
oter ,....o re- etnct ot ch .. raot (I ) 
no. l a tion illdireot .n4 u. 

•t·~ot 1n..Jireot 
etnote 

2. :bouu n4 ar~J.n - - , 2u47 o. I, -0.3491 ( 12) ·''" weisht 

3. ··., ,ot ik ld•/ o. ~10 0 . 2540 . 6670 (5) ..o.4726 
ear head ~7) 0.2629 

12) 0 .777, 

... No.ot grsina/ •• .,.. o. 0 .11!)6 o.78a, (:5) 0 .2165 
ht!etl (5) -o.4261 F> o.a,6 

12) o.74l!6 

5. No , ot eeTe/ri O. b790 .49'4 1. ,.,44 

F~ 
o.24U 
o. 60 

12 Oo'7786 

6 . I'ax . LI.I ') , 5J73 0 . 0189 0 . 4984 n 0.1188 
' ..0.211" 
7 o.1lt9:5 
1 > o.•m 

7. '110 sa/rl 0.}589 o. 2lll'2 o . 6727 Iz> o.z''' 
1 0. 10are 

' ·" 8 12) 0.7711 

e. '\1st !'OlluU on ..(1,9601f ..o.6l!01 ..0 .340 ' f'} ..o. 408 4 ..0. 10/;8 
5 o.~, 
7 -o. 9' 
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Table 20.1(•). rl.l"ftct aDd 11:1!!1.r.ct etr.ct. (patb P alyllia) 
of bio~~~o;tri cal eha.-actere 111\d ov...-all <!uat 
pol.lut1o!l •t: jielll ot Yhllat 

2. 7bOttsand t re1n 
wei& Itt ,. :1Uio!>er ot 
lp1 lteletll/ earb~ d 

4. !fllebotr or re1nll/ 
~ .... 11@ ... 1 

5. xo. ot ".,..,.~ 

6, vax. L "J: 

7. "4-.o•nas/.;. 

12. "Ust t>Olluti on 

lotal 
corre
lat.l.Wl 

-o.0110 

-o.5lt05 

......5:>'!' 

"l , ·84 

- 'l. 2599 

rl . S'r.l5 

.0,4735 

.JI.rect 
•ttHt 

o.oi04 

..0.1333 

o. os16 

() ,6~2 

..0. '1,.<)'5 

r. . 3190 

o. oJJO 

..o.o:!O!l 

..o.4104 

-o.6o92 

(" . 31!'14 

-'1,267 

o.'501t9 
..0. 5o611 

IDfiUIII c1l!c 
charaoter(l ) 
A lta 
1Zid1Nrct 
etreota 

(5) ..o.too'11 

~r, ..0.1263 
..o.4o51 

(7) 0. 3051 

('5) -o. 2243 
(5) 0 .51116 

~f~ ..o.2m 
-o.l915 

The r'1!sul ts o! ~ath •"alYBl• on lfu.tt .,ouuua 
'"'~ ,...hya10lOI!ie<ll Olli>I"&CtltrS with yl"ld aa :!P!),.Mttftt 

cn.raet.,r are pr!lu,.ted '" 1' 1• 4 , ;?0(o) to 'l'•ble 

4. 20 (e) , 

rt~cta unc.tn" duat .tree f'nvtronwn'C 1 

Data pres .. ntf'd in ·rabltt 20. 2(a) recorded atroa& 

,.,,geU•• cc. ·ralat.l.c.n t<ct__, 'IIU1,..a ~.aR lilld ae:dewa l"l~"l . 

<.hlarophyll eont•nt cxtibi tad !>OCII" n-s atiw au~aUoe. 
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{"te ot tran.pi ration exhibited poor poa1 ti ... oorrelaU.an 

td.th the yhld. Mllld.llla R exh1b1tecl. allld.aua direct 

effect on yield. The ettect ot ROR on yielcl. wu however , 

n81!at1 ve. I t recorded low t otal indirect ettecta. 

H ald. IIlla IIA'l reccrcl.ed 1!18xill.la indl. rect ett ects. The 

indire ct effects or msxi-..a liAR ... r• alao n81!11tiva. 

'!'he asxilllll MAR lntluenoed. the y1 0!ld tl'Jroulh asxi!lll• 

110!1• Chl orophyll content nnd rete or trensplrl!t10!1 

exhl.bited low l n<U.r eot affects. ~oropllyll ccntent 

ettected yield thrOU&h asrllllll ROR (-o.n,3). 

Table 20. 2(8) rect and ind.lreot etreota (path enalyaia) 
ot physioloaical cberactera under dust 
tree env1ron•nt on yield ot whtet 

char• Characters Total 'll.ract Toto- I n1'l u.nclJ!I 
aoter corre- a treat lUy ot character( a' 
llo. let! CD indirect &ita 

effect 14dl.raot 
effaete 

e. Chlorophyll ..0.1168 o.o:R~' -o.o78' ( 10)..0.1'-'' 
aQiltent 

9 . Rate ot 0.1404 o.o461t o .o94o 
tranapiretion 

10. Max. :ron -o . 9879 -o.9409 o.o470 

11· """· IHR -o. 891!2 -o.o,)9 -o.~21 ( 10)..0.8420 

4 . 20. 2. 2 :;ttecta uruler toil <.lU&t pollution 1 

!ntlu•noe of aoll duet pollution on tht yi•ld 

( TRble 20. 2(b) 1nd.l cet8d negative direct etlaot or duat 

pollution on yield (..0.2161) . rust pollut1C>D dtecte<l 

whlat yidd through r at• ot transpiration. Tbl yield und•r 
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ao1l dud pollution waa clirectly atteoted by llalliii.IA ROR 

and ra or tr1111t1 irauon, ilax1 a NA.{ and. chl.oropby11 

con ent abo.ad low r aot att ecta on yield. Cbloropby11 

contan , rata ot tranap1rat1011 _.d lla>d.a1a I!Afl ha4 areatC' 

1ndl.r.ct efteota. Cblo eyll content attaoted: yield 

throuah rata ot tran~i ration end duat concentration. 

'late ot tranap1rat1on attectac! yield throuah llald .. • "lOll 

and duat ollut1on, whl.le ~&Pia~• !IA'l 1ntl.u.need yield 

thro h .. x:l. _,,. 'lG'l. tw affect ot ao11 d:uat pollution 

ware thro h ohl.orophy'll content ant1 rata ot tl'a!UI iration. 

Tabla 20. 2(b) . 

Char -
ctar 
o. 

a. oropeyll 
content 

9. Reb of 

"iroot and 1ndl.raet attecta ( ath llllal)'a1a) 
of ph)'aiol teal ohareotars end ao11 ttud 
pollution Oft y1alt1 of wbot t, 

ot rtreot Tot.Ut)' Ifttl.uen 
corra- atteot of character( e) 
lti 1ncl1nct a. ita 

affaot 1ftt11ract 
ettecb 

0. 3240 -o. 0733 o.m, ~9) o. n1a 
12) Oe1919 

0, 6475 Oe1809 o. lo666 
tr 8118111 ration 

(10~ 0.;,66, 
( 12 0.1552 

10. Max. R -o.9417 -o. 8470 -o.09'17 

11o Max, NAR -o.7486 , ()()116 -o.71o4 ( 10)-o.7241 

12. ruat ollution -o.ll526 -o.2161 -o.1:!165 (9> -o.noo 
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'!'be eftotcta of phynoloalcel oh.,. twa cm tt. 

yield und..- .,.._,, duat c luted en'lircn•nt (T ble 20,2 o) 

woro ollll.lar to that of 11011 dust ollut en'llron t, 

C.N nt dust ollution a!foctod tt. yield &roatly thro h 

chloroph)lll content ll!ld r ate or tr.na lrotloa. Vndftr ce-t 

dust polluted an'llronaent OR directly •• well •• lnd1roct1y 

etta d wt. at yield. 

Table 20.2(c) , Dlraot and indirect effects (path anelyola) 
o~ physi oloaicel characters ll!ld ce•nt du.t 
po1lut1011 on yield of wb .. t. 

Chara- c 
cer 

ceter a 

No. 

a. Cbloropbyll 
oontent 

9. !tete ot 
tren iraticm 

10. l<u . 110 

11. II 

12. et po1lut1on 

'l'otel 
con-e
l etJ. an 

0 .7106 

0.67 ' 

..0,8751 

. 66~ 

-o.5 7 

::1r e c11 Tcteli ty 
effeot of 

indirect 
effect 

0 . 2105 Oo5005 

Illflu c1 
oharaoter( e: 
end ita 
in41reet 
ef f ect& 

(9) o. 18911 
(10) 0 ,1811 
( 12) 0.120' 

0 . 22 " 0 .4561 {"> o.m2 10 0 .157 
12l 0 .1121 

-o. Aoel6 . :"925 (1, .0.2212 

. ' " -o.lt112 (1 )-o,42~ 

.0.1~1 -o. :'J9()6 !el -o.1B58 
9 -o.18 

4,20.2,4 T>,fteota Uftder ll1ln duet pollution 1 

U ln dust pollution (Teble 20,2(d) n:hlbited 

atr dlreot etfeot ( , 8201) an yield, Ott.r 

pby1110l011oel p.,.a•tera recorded low neaatiw direct 
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•~feet a. '!be phyal.ol01!11 ci!!l pera•tera ho.,...,.r, .tron&lY 

affected yield throu&h duet pollution (indirect ai'feota) . 

Major illdireot ·~~eota ot kiln dUet po.llutl on wao throuah 

llaxilll.la ll0R0 

Table 20. 2(d) . l'll.reot and indirect etfeote (path analyate) 
of phyatolcs1c.U charact_.a and kill> duet 
pollution on yield of wheat. 

r:bara- Characters Total !':lreot 'l'Ot ... IDflueAcil!l 
cter corre- e~teot llty of obaraoter(a 
No. lation indirect and lb 

etfect tndireot 
et~eota 

a. Chl.oroeltYll 0.73/15 -o.0250 0.~95 (12) 0. 8908 
oonton 

9. Rate ot Oo8525 -o.o,, 0. 8918 (12) 1.0,, 
traneplratiOD 

10. Max. HOlt o . 6170 ..Oo1505 0. 7675 ( 12) 0. 8466 

11. Hex. N.AR o . 6520 -o.OIB9 0 .7509 ( 12) o.e566 
12. ruat pollution -o. 9604 -o. B201 0. 2314 (10) o.106t 

Ollerell effect• of dUet pollut!Oft ('l'eble 20. 2{e) 

roweled 110re or 1••• s.imller e~feota to that of oe•nt 

duet pollution. 

In general , the kiln duet pollution exbtbited 

direot effect en yield while cemnt end oyerall dUat 

pollution noted lo~r nesative direct e tfeota and areater 

indirect enoch through other para.,.ter• on. yield. 
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Soil du.~t pollution sho .... d areater direct a!faot a end low 

attach throu,gb other c he.ractera. 

! able 20.2 (a) . -tract and indirect at!aota (path enelyaia) 
or pbyaiological cberectera and overall 
dust pollution on yield or vbaat. 

Char· 
aoter 
No. 

ractara 

a . Cbloropbyll 
content 

9. Rata of 
tranapiration 

10. t-~ex. ~GR 

11. ,...x. NAR 

12. 'Uat pollution 

Tota1 'tract 
oorre- a ffect 
l ation 

o.4501 o , ooaa 

o.6671 0.2671 

..0 , 86:55 .o. 6512 

..n . 6749 -o.1258 

..o . 4n5 ..o. 2249 

Totality rnnuancina 
o r character( a) 
i ndira ct " ita 
aff ect indirect 

a!feota 

0 . 4413 (9) 0 .1997 
( 12) 0.1!!42 

o .4ooo (10) o.2064 
(12) 0 .1169 

..0 . 2122 ( H}..0.1100 

-o. 5491 (10)..0. 569' 

-o. 2486 (9) -o.2101 

Contributiona o! Yield Pradictora 
or ' 'heat 

In order to uaaaa the relative 1~~porhnoaa of 

di rrarant characte r s expl e1n1 t ba variations in yield o! 

wheat, the direct contribution or aacb character baa bHn 

worked out troao t he direct effect obtained in the path 

enalya1a. ~!!lilarly , the total contribution of t heaa 

character• beva been estimated throu,gh lalltipla oorralation. 

Tbft eatiaat ed different typea of contri butions of tbaaa 

characters ara present ed in Table 4 . 21. 1 t or b1o~Mtrical 

characters slana with duet pollution. 
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T bh 21,1. rect contr1b••t1on of c!i tferent bl o,.,.,tri olll 
c eot"ra in w at Ji•l 

~r. Cheracters Perco,.t aae ocntribution of the 
f~o. gh~~c!~ ~~·! __ __ ____ 

uat ~oil ee .. n t K11A O"er.U. 
tree <lu:st duat dV t 

"" t en vir- pollu- IT!!"'" pollu- rollut-
on11e11t t1on U an on 

1. •'how d cratn o.e~ Ce32 2, 21 0.71 o. o1 
veil!ht 

2. .i o, o! apl.ll.eleta/ 16. 97 8.5:~ 5. 39 6, 54 1.'711 
urhaaJ. 

'· No, ot a r a1na/ '·:52 5.54 0,2, 1. ,. o. 67 
ear ad 

'· o. or •rT"a/ 2 :>•. 1 44,44 1-,. ll "·'" ~. 

5. """• 1 AT ')ob 7 "·1' ('1 ,1')7 .15 (' , 01 

!; , "to ~·•/ ~ .1 1") 1. 24 11.5 111,1 ~.'!16 

1. ""e t eon.,..ntr•t1 on - '; ,• 11 , 62 ,.. •• 5 0 . 11 

"· "otel ~1r•ot '; , , "13 66. 54 92. 9 1 . 92 57 •• 
contri 'ruti crt 

9 . 'l>t a1 in ret 42.79 ,., . ., ~ .11 1· . 91 .ea 
ocn ribut1on 
< .2. (e ) ) 

1!' . •otel reu ~ull 
1. ' ' 

1.2/o 2 . 90 , ,17 '·"' oontr1bution 
( 1- ,2) 
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The bio•tri osl characbra ahoved 55. 88" total 

diraot contribution to yield under dust trH environ•nt. 

The tohl direct contribution ot t hea para•hra waa 

increeaed under duat polluted anviron .. nt (Table 21o1) . 

Hexiwm direct contribution on bl o .. trical pare .. tera to 

yield wea observed i n oe .. nt c:luat polluted en'ld.ron .. nt 

( J 2o99") tollowed by kiln c:luat (79.92") , aoil c:luat(66.54"' 

and overall duat pollution (57o!llt "' i n order. The total 

indirect contribution of thaae paraHtara on yield wee 

!ound to be lllftxl.w• under c:luat tree environ•nt (42.79 

while d.niaJa indirect etfecte vera noted UDder ce•nt dust 

I'Ollut 11 en vi r on...,t. q.,n c:luat polluted en vi ron•nt 

exhi b1 tell ~P. 2?"( total indirect contribution while over all 

duet oollution recorded :5". 82'><! to tal indirect contri butiOD 

throuah t..,.•• pora•tere. The total reaidual efteota ware 

xiwm (:5.:54") uMer <>verall duet polluted environ•nt 

followed by kiln duat ( :5.17"') , oa• nt duat(2 . 90") , duat tree 

envir on .. nt (1 . :5:5'!') and soil dust polluted environ•nt 

(1 . 24"') 1n order. 

SCrutiny of t..,. dat a pr aunted in Table 21 o1 

allowed QX1ala contribution of no. o! .. re/.,;. 1n wlwat yield 

under both duat tree and dust polluted anviron•nta. 

~· ax1mua contribution ot 72. 88!1(by tbla obarectar) wae 

r occrded. under cement c:luat polluted anv1 r on•nt. sail duat 

followed by overall c:luat(40 . 90 '> , 

duet tree a'lvironaoent (28. 4"l and kiln duet (25 . 54 
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in or:ler, The other b1oCI8tr1cal charootera behaved 

varyt ly under different environments. 

Under dust tree environment nullll>er ot epikelete/ 

earheed con tributed next to ears rJo,/a2( 16, 97~ followed by 

bioaoas/a'l (6,10"1 and nueber ot sreina/eerbeed (3.~0() 

in order, Thousand sre1n weight end f1aximum l.AI shoved 

low contribution, 

Under soil duat oolluted environment number ot 

s pikelets/ e erheed (8 , 53;0 was obaer"Ved to be • second best 

varhble followed by nuaber or &reina/eer'-ad· ")Jet 

conct~ntrat1on oontr1huted 5.311 " to the yield, Bioma .. /.1, 
thouund s re1n .,..1a bt and DoxiiiUa LAI exhlbited low 

cont ri butiona, 

Under ceMnt duat polluted an'Viron11111nt biOfl.a .. /r/
(1 1.59~) ranked second in order, Number or apikeleta/ 

earbead (5.:59)!) "''d t hou .. nd &rain wei&ht (2, 2H) were t'

other contributing obaractera to yield, NUIIber of araius/ 

eerheeda, eoxtmua LAI end duat concentration aho..-d poor 

con tr1 buti on. 

Under kiln mut , ooncetraticn lnel or duat 

pollution contributed aexlmal.ly to yield ( y;,4511() . lbvever , 

the Rf1'4!ot or duat coneerttration lev•l on yield vere 

negat1 ve ( '!'oble 18 nnd '!'able 20,2 (d), '!'btt nen yi1tld 

contributing chareotar un1er kiln duet polluted envlron .. ut 
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waa nullbar or aPra/rl (:!4,54 , , 'biom..,u/rl et'ntri bd 

e.19" ! llowf'd. by nu•~er or aolkaleh/a hOIItd (6. 54 

and t houaanc! a rain wd • ht ( 1,:11 in order, 'l'ha 

c"-ractera, •:di:Ll• LAI and nulltHtr o r a raina/ .. rhead 

ahowed 1 r oontributiona, 

Under onrall c!uat pollution the !Aa:dat• 

centribut1on waa 1ndi catecl by nu.m.r ot •IZ'a/r/(/•0.90';() 

tollowad by 'bio .... /rl ( 11o, ;56!C) ancl nudler ot eplkdata/ 

aiZ'h .. cl (1 ,7811) in orcler. a8ftcl a rain we1 Aht, nulber 

ot araina/ e iZ'heecl, llald.SJ• LAI ancl 4uat concentration 

poorly contrlbutacl to tile ylelcl, 

In s enaral , typea ot cluat axh1b1hd low clireot 

contri bution to ylelcl excep t kiln cluat wherein tile clireot 

contribution to yield vu wry ah ("!IB, Io5 'J() . Conaideri 

the naaati.,., 1nter-relat1 onabl.p between duet pollution 

and yi elc! and yield attribut .. the ov rall etrecta of du•ta 

po lution era 1nbl.b1 tory, 

l)ofttributiona or Yield clictor• 
( ~>hyaiolO&ioal ~ar •tara) of llbe t 

The eati a ted c11rrerent typee ot oontributiona of 

phya1ol0fl10al ch!oraotera and duat pollutioa in vlleat ylelcl 

ere preeentad in Tabla 21.2. 



9 

~.b • 21 . 2 • "'ll.rae1: o ntribution of d1 trarent pll)'aiolosical 
character s in wiWat yield. 

. . Characters r are ntaea con rlbution ot the 
No . characters under 

st ;oil CB•nt Kiln Oberall 
fr .. dust dust dust dust 
envir- t_o11u- pallu.- t_o11a- pollu-
onaent 011 Uon OD Uo11 

( '"' ( "') ( !I) 
( "' 

1. Cbloropeyll 0. 15 o.54 4.42 Oo01 Oo0 1 
conteDt 

2. Rate ot 0 . 22 :5. 54 4 . 95 Oo01 7.13 
tr aplrat1on 

:5. t1ax. 'lOR 88. 5:5 71.74 n . 29 2. 21 112 • • 1 

"· M.,.-. NAil 0 . 29 11 6 . )7 o . 1. 58 

'· 'lust 11 . 67 1.85 1. 42 5. 06 
ooneentrstion 

6. Total diraot 9. 19 80. 119 40. 88 4. 69 56.19 
oontri!>utlon 

7 . Total 1ndlrae1: 8 . 8o 16. 58 55 . 29 88. 85 )7. , 
contribution 
( R2- (6) ) 

a. 'l'otal raaldual 2. 01 2. 9:5 :5. 8:5 6 .1o6 6 . 28 

cont ributlOD 
( 1-R2) 
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Marl.,. total direct crntribution of pbyai olostcal 

paraMtera t o yid d wu obeer'V'Od under duet b'H 

envi r on•nt. Total direct con tribution o r the .. para~~et_.a 

waa low under duab polluted an'liroa~~ent than duat b-ee 

an'lironMnt. Under duat polluted anviron•nt 118X1a>a 

direct contribution ot pbya1ol011cal para•t_.a to yield 

waa obaernd under ao1l dust polluted ..,viron•nt (IIO.It91Q 

toll owed by over all duat polluted (56 . 19") , ceaent duat 

polluted en'lironaent (llo .aB~ and leut under kiln duat 

polluted environ..,nt (4.69") . Tbt total indirect 

cont ribution of pbyaiol"'!i cal para~~ete ~a waa l!llniaJa under 

duat rree environaent ( . eo'() . Tbt pbyaiol"'!ical 

characters nhl.bi ted 11reatar total indirect cca.tributiCil 

un' er duat polluted en'liron•nta. Marla>a total indirect 

contri buti en waa oboar•ed under kiln duat (BB. B51Q foll-.t 

by ce~~ent dust ( 55 . 29~) overall duat p!Ulut1on (,-r . 56'!1) 

and soil dust polluted ( 16. 51!!' ) in ord... 'lbe total rea1411al 

e ffects were aeasre (2 . 0 to 6. o!Q . 

Peroant direct con tribution of pi\YaiOlO&ioal 

paraMtera to wheat yield (TIIble 21 . 2) indicated 118X1alla 

oontributica. of aarla>a ROR 88.56" to yield under dllat 

&" anvironMDto Marl1a1a MAR , r ate ot trenapiraUGD an4 

chlorop~l ccntant recorded poor contributicna. 

under aoil c:luat polluted en'lironMDt -.xiata RGR 

e:xhl.b1ted aa:xta>a oCIIlt ribut1cn (71 . 7/t") , tcllowed by dust 
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concentrations (4 , 67~ and rate of tranap1raUon (,,~loll) 

in ord... Olloropb,yll conhnt and aaxiaaa NAI\ poorly 

contributed to yiald, 

under •nt duet polluted environ•nt DaXtaaa 

llClR contributed 23. 29~ followed by aaxiaaa IIAI\ 6,J7ll0 

rate ot tranSJ)1rat1on 11,9!1 

under kiln dust , thll pb,ye1 ol 1 cal charactara 

Ncorded low contribution to yield (2.21") by lleld.aaa ROR, 

1 ,1121e by duat concentration, 0 . 98" by aaxlaaa NA!l and 0.01" 

by ohloropbyll ccnhnt and rate of tranap1rat1CIIl0 

reepectt-.aly, 

under overall duet poll uti on, aaxta1a ROR reccrded 

aax1a1a contribution (112,111") . The ae ocnd bed chareoter 

oontr1but1 yield wu rate ot tranep1rat1on (7.1:5~ 

followed by dUat oonomtration 5.00, aaxll&la !fAR 1.~8 

in order. Cbloropb,yll cont•t ahowacl too low ooatr1but1011. 

(0. 011Q. 

In ceneral phya1olC111cal paraMtera can upla1n 

the -.erieUon in yieH UDder duet frM and ao11 duat 

polluted en'llron•nt only, 

• • • 



!'li 'lC'JSSI Olf 

'"nY1ronlltntal pollution is a .. j or uniwraal 

problaa. Rapid 1nduatr111zation nd 1 roper •thocla of 

wasta diapoaal ba'fe 1ntena1t1ad tba &ra'fity or thls 

problaa. O;aa t poll uti QD due to ellll. aai OJI or IIII.IU.lte 

particles or 0 .1 t o 100 11 ai ze illto emdron..,t is oo

i n c! 'falo.,S.na eountr1... ba types or dust eauain& 

pollution fiJ"e a011 , nt , ldln, ash ( tl:armel po,.... 

s tational • coal tiald etc. t'he .rust p.-ticles ero deposit ad 

011 the aurrace of aoil ""d canopy or ftl!latetion. Theae 

dapo&it ed parti cle s when co.,. ill ccmtect wl.th water or 

vapour fora hard crust. t'ha c Mllt dust And ld.lll .rust 

coq)risa , orl rl~ta o f oald.u•• potaa<U ua, aodiwo vhl cb tara 

coroaive hy<1rorl tles v .m coa in cont•ot with water. 

"'he "uat when ~epoai ed on eawa ratlueaa the a'failebillty 

of ll&ht to the chloro h;rll pi&oents , alters 1 aeoua 

.,.c hange IOJat ea by bloeld.ll,! stoaetal llDPitrtul'l!s alld 

Rao, 1900 lllld 1"1 1, ~r a ad IIDd Inalld.- , 1990 , b). 'lata 

presented i n Table 12 indicated 1 r r atl!s o r tl'llftSlliraticn 

under dust pOJ.luted anvir on•nts than COI'ltrol (l!uat tr a 

anvi r on•nt) . The daoraased r ete of tranap1rat1ooo say be 

due to partial to co~~pleta blocld. 
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& .... oua exc"-'Se. 111.1_. reaulta w r e r.cot*d by 

CZaja, (19661; tAriiiiXI, (19721; n&h and Rao , C1981) . It haa 

also be re .,.. d thnt duet e[)oattlon on canopy 

increaa .. 1 .. ! te..,arature (MIII"I<, 19631 Sln& b and 0 0 1981) • 

t be dust pollution haa thus , affected llajor pb;yatol"iical 

prooaasea of tbe plant wld.oh in turn have retarded arovth 

and producti v1 ty ( -::1. h and Reo, 1968) . 

<:!feet or st Poll uti on on Growth 

Crowth o h<lat l a n11ru d by 1\f>l•ht o lent, 

le..t re I!Dd nuaber of tillera/•2• ~be 111ft a a ro..t 

under duet po lutlon abo d..cr~~ ae<l belt ht , tiller 

decre ... d le ~t area bed reduc o al p toaynthetic 

ares ot plants . .,.creased tiller null> r t> alao 

contrl buted to reduco t o tal leaf re._lplent. The planta 

aro.d. Ulld dust t>Olluted envircn..nt were t •• poorly 

dnelop..S as oo..,ared t o lanta •rowtn« Ulld..- dust n-.. 
en"Wiron t ( control ) . A80 at tba dusts , •nt and klla 

dust axld.bihd areater detriantal effects on arowth 

par-ter .. oo~p..-ed to aail dust polluUon. at..-Cled 

arovth of pl1111ta under duat polluted -.1~ ..,. be dUe 

to r tlcluced rate of photoayntbeah ~ 11proper aupply of 

ualld.letea. Reduct! ln hei&ht , l e af Ill"•• and tillera/ 

plont ha'fe been reported by P t hae..-ethy .!1.!!• ( 1975) 1 
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J1D&h an4 Reo ( 1980)1 I raba1 .!! .1!• ( 1989) 1 !lb.all1e 

.!! .!!• ( 1 ) 1 Preaad and Inallder ( 1991) en aalld.!! ~· 

( 1991) . 

The typu of dust .nd tbetr concentretlon l ewla 

h•d alae tt ate&! «ry • tbr euilll.lation of plenta. 

Th lenta a rowtns und.,. oollutlld .,'firon•nt ol!lbl~ 

lo..er dry """"' ro~uot1on wl!lch rowlted in t!aoreaaed 

blo •a ( T le 11). "'he ere .. -1 leaf -• and At 

( P1&o1 ) ... oclatad "'- t h t!aCNa•d dry t1:ar/plent hen 

101 red dChll'l crop arowth r a ta, -r polluted en'fironMat 

( "!'able 6 ) . i'bt data on crop a rowt h r ata at 1iffannt 

arovth at cas exb1b1 tad lo,..r &rovth r ataa under polluted 

•n'Yiron nt And hlf her ro h rate a =-,... dust !Na 

n'YironMnt "1&. 2) . :'be arowth of wheat va:s 1 tl:llla1 

aft ctad by ciwst pollut1 

on total c!ll.oropcyll content ( able 9) alae 1M1c hd 

<lacraaaad c oro;>ll7ll oontanta of laavaa un ar d~at 

~ao, 19111J tcrawal .!.! • , 19651 watd.Dat hal> .!! Jll•• 1989 

Shukla .!! .!:!• 1 1990) . 1'bua, the duat oollvtlon aae• 

to ha ve dl aors lllliaed the phot IIJ'IIthetic uo wl!lch ..,. 

11.-.. at eta • t r of 11 toaynt~ala ( "1. ' .-,) [ <;11J1h end 

,.., ( 19 1 - walll.net" .!! _. 11 "" 1 "hulcl." .!.! .1!• ( 1991) 

nd sa J!S .!l• ( 1<' 1~. ~area d rata of " hotOaYIItbeala 

h d radu d «ry aett"r aall•ll"tl ln pl t a . Tl>a rata ot 
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EFFECT OF OUST POLLUTION ON CGR 
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EFFECT OF DUST POLLUTION ON N A R OF WHEAT 
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photoii}'Dth .. ls oan be oo~~pansstad el th.- by lncreued 

leaf area or by incraesed chlorophyll concentrations. 

Under dust polluted anvircn•nt• both ot these para•ters 

were affe cted by leftls ot dust concentration. n.. rata 

ot photosynthesis and dry aatter daiellation 1a plants 

a ro'ld. under dust polluted en"l ron•nt could not be 

co~~penssted by any o r the sboft • cbanls•. 0.-duotion 111 

b10llau under dust polluted .,..,.1rcnaent are reported by 

bt ( 1980) 1 nah and Rae( 1981)1 

Shukla~ .!!• ( 1990)1 Prasad and Inslldar (1991) aQ4 Prasad 

~ .ll· ( 1991) . 

The tiller auru "al 1n cereals is c11recttloj related 

'ld.th the nutritional atatua of plants. In a-.-al . the 

plant& '14 tb hl&ber bioa .. a can supply asallll.laha to the 

s ro'ld. till ... a and tbua0 exhibit ~ghar dCr" of tiller 

suru ,.al . The plant& sro'ld.ng under dust polluted 

en..tronMnt sho""d lo"" r tiller nulber ln inl tiel at .. a ot 

srowtb inrtf.oatina poor tillar aaerapnce (Tabla 4 ~ and 8) o 

The plants haYiftll f.,..r tillara also axblbltad hl&ber c!earea 

ot tillar aortall ty. n.. tillar aortali ty could be 

uHuad by effect! ve tlllars/rl • wlwra 1n. 1 t wu 

obse.-..ac1 that plants &ro'ld.na under polluted an..troa•nt 

had a1&nit1cantly lower sara/rl u co~~p-d to the plants 

gro'ld.n& in duat traa en,.iron• nt (Tabla 12) . Tb.>a• the 

plants a ro'ld.ns under polluted en..tronaent e:rblbitad las_. 
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tillera dnelop•nt. '!'be 1~ nu&ber of tillere/ pliiDt 

under pol lut-.1 omYiron•nt .. y be a roault of lo.er 

bioa .. a . n. aboyo t1n41D&a are in c reo•nt ...S. t h a&h 

and R.ao ( 1980) 1 Aa'bruat ( 1986) 1 Sllukla ,!! .1!• ( 1990) aa4 

Praaad and I nalldar ( 1990 .00 1991) . 

~oct of ;uat Pollution cm 
field 

Grain yield i a a tunctiCIIl of oara DUIIber/unl t 

area anl1 oar weiaht/ plaDt. n. oar wtd.&ht 1a det aralned 

by nullber o! &rain a/ ear bead .ad tefl wtd.&ht ( 1000 &rain 

vei&ht) . Crain wtll.aht h at!oc1ed by the photosyntbatio 

area t!uri &raiD &rovth pha .. aDd the rata Of tranalo ti • 

o dry aattor troa otatiw ...,. to tho dowlo¢11& 

are tllua , controlled 

by tho aiiOUftt of r>hotoaynthettla ns11 blo to the aro...s. 

buds t!uriD'I tho base of oarhoat!. dayal opunt. 'i'ba 

naUabill ty ot photoaynthat a t!Oponda on the r ota of 

photosynthaa1a aDd tho r ota o f r aapiratioa. 1'ba dUct 

pollution forlll.ac a hard cruat CIG loaf aurf •• hat!. 

decre .. al1 r ata o! photoaynthoaia by roi1Uc1D& tho quantity 

or ll&ht o a!ft ctiQil tho diftuaion ot <ll 2 """' oxn .. ft'oa 

ataoapher'e into tho loot ant!. Y1 ce-Y,.,.aa. Tbe duet 

clepoai tion had elao decreased tho r ata o! tranapiratiCIIl 

( Tal>lo 10) whi ch in turn had incre .. ad loaf taaperaturo. 

Incraaaed loaf toaporaturo incrouoa tho r ata of 4airtt 

r e spiration which aay haft decroaaod tho availa!>1Uty of 
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photoaynthatt to 1:'- s roldns ear. The eN'eote ot deor. ... d 

natleb1l.1 ty ot photoaynthate ..,.... notic ed by decreaeed 

b10111aae of v.beat under polluted en'fir~. The 

decreased ... atlab1U ty of photoaynthab may haw efteote4 

the ear dnelep_,t process. The results preaent.t 111 

Table 13 end Table 14 1n41 ca ted <!eCil"eeaed ep11teleh 

nullber/eerhead an<! nuabl!l" of arains/earhee<l Uftder dust 

polluted en'fironllel'lt. The •;lor y:l. eld att'r'ibutee, grain 

nu..,.r end ear nuabltr were, th.ls, effected 'by duet 

pollution. 'ledUcti on in aptltelet =..,.,. end araiM/ear 

due to ceMDt dUet pollution hne be•n rooported by 

in«h ( 1980); Si ll!lh and Reo ( 19 ) lllld Dorlta ( 1996) . 

The another !~~portent y:l.elcS attribute i.e. araia 

.,.1&ht exproos .. d ae thoueanc1 arain we1aht vaa alae 

<1•-eeed by dust polluti on. The arain wei&ht 1a mainly 

ef.teoted by ellhlent te~~parature dur!na the phase ot araia 

dewlop•nt end suppl y of photoeynthete to the cSewlepiJII 

arain. Ju:>ply ot photoaynthete t o the dewlop1.a& &rain 

1 a 11 atn controlled by rete of pi!Otoayntbesia alld rete o.t 

translocation troa source to a1nlt. The plenta &rowiJII 

under polluted enuronaent bed lo,...- bio .. ee end lover 

photoeynthe1:1 c .,.... (source) . 'l'lue, the pl te aroli4D& 

un<ler duet poll uti on 11ay not haft e proper supply o.t 

photoaynthetoe vhl. ch lillY he• decreased thouaalld ltl'aill 

weig ht. The <lust d&~>osi tton on the eere l!lftd t111 le~ 11q 
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r lo 22. 

,. sou ctuat 

a) 1.0 a/~ 9.91 ,.61 

•> 3.0 .,~ 13.79 .. ., 
•> 5o0 a/~ 21.70 12.aa 

2. Ot-t cluat 

a) 1·0 .,~ 10. 10 10.45 ., 3.0 .,~ 20.;. 15.22 

•> 5.0 aJrl 23.2'7 u., 
'· Ul.a 

a) 1.0 ,,,; 

lt) 3.0 ,,,; ., ,.o .,~ 
a ('1' bl.o 18 to 21) al110 

1adl .... that tho 4uat pollut1- ba4 atraoto4 )'1ol4 by 

lllldifJlaa ~ol oal aD4 .rpbolOC1oal , .. _t_.. eh 

WJ'O o'f14eace4 by llla lwl' 11141'fit!ual 1ad.lreot 01'tUta d 

ow para•tera. '1'ba bt •trloal )'1ol4 attr1 te. ...& 

p~oloaical p..-.-tora a bo..-4 DqoUw ... othU• .S.tb. 

d\Jat pollutf.Cifto Tbt path ~11cd.oata aloo 11141eab4 low 

41reot oUocta. .U• 1a )'1al4 er 4uat pol1aw4 
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en'lironMnt haw been reporte4 by D&h end Reo (1968) 

and R e~~&aaa!IY and Jaabull~~&a• (1973); Obllaaad. .!l.Al• 
(1978)J Borlla ( 1980, 1981 ell!l 1986)J Lal and Allbaabt (19«l)J 

S1.D&b ( 1980) end .>111&11 and Reo ( 1980) . 

The phya.tola&1cal parezetara ... re alao atteoted 

by cl1 tterent types of duets. The ettea1:e of dul1:a on 

b1oaetr1cal and phya.toloa1oal pereMtere Tal'ied wt th type 

ot duet pollution. '!'he oeMftt dUet pollution wea 

ob..,-""- to be .,.t datrl MDtal fbllevot4 by ldln dust and 

son dust in ordl!r. The dust pollution a.tiii!Jl. t-ualy 

effected b1olla .. u .,..11 • sra.tn yield ot wba8t. 

Then ettacrta wra rane cted on h-at inda. The har-..at 

inda1r ot whaat UDder cl1 ttarent eoncont rat1on la ... la ot 

duet pollution aho·wad a.ts n1t1cant decrease oftl" control 

durill& 1987-BS. Flowawr, d\lring 19BB- B9 , the harT .. t 

indn under 5.0 s/rl dust concentration level ... 

a1sn1t1oantly, hishar th.n rest ot the tr .. tM!rta (r.t&. 5) . 

The i..,ro-..d barnet indo under tbia trea t _,.t -• 

to be the result o t ail&ll taneoua deoreua in botll tha 

COIIponeAta (b1011888 and ICODI>IIlc y1ald) • 'o'!ll.le the 

results of 1987-88 1ncl1oated poor p art1Uon111& ot dry 

aattar under polluted an'l'ironlllllllt. The cl1tterencee ln 

har'feat indices e., at t be treet...,ta Wl"e nlll'!'ow 5!Q. 

The heratul effects of duet pOllution ware tllrotl!!h 

a1 Ja1l hneoua and oul&llstiw 1nh1 b1 tory etta eta on srovtll, 
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yield .ttri butaa aad pbyaiol0&1 cal charac1;ara of wheat. 

n-oa these atul!ia .. i t 1a concluded tbat -

1) ruat pollution attecta pl""t arowth, by raduc1aa 

beisht, l .. f -•• nullber of tillara/plent and 

b1o•u (dry wel&ht) . 

2) ')oat poll ution dacraaHa rata of :ll'.,.p1rat1on, 

LA! , a-op &rowth r ate , CbloropbJ11 content lllld 

Ralati.,. &rowtll r ate. 

3) The yield attr i hut .. 1. a . ear nu-.bar/ r1 , nult>ar 

ot ap1kalata/ aer, n-r of craina/ aarbaad lllld 

1000 &rain wel&ht ,..ra alao daoraaaad under dUat 

poll uted an~ron .. nt. 

lo) nald or wheat dacrauaa aa the concctration 

l avale of pollution inoa-aaaea. 

5) tlaat pollution 1rraapact1va of type of dust ia 

datrhantal to pliiJlt arowth. 

6) Caa.nt aad kiln dUat pollution awn at 1 a/r1 

concentration i s harllfUl •• 1 t radUc .. :rf.eld by 

10 " crrar control . Yield louaa 1ncra-• lllltb 

lncraaaad la,els or duat ;.oll uticn. 

7 ) AIIIOftiiSt duata , ce...,t duat end kiln duat - aora 

datr1 .. ntal than aoll duat . 
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B) Dut 4~oa1Uon abl.bl.tac! ne&aUw uaocl.ation 

lll th &row1ibo Pll¥11lo1Giicel o 71al4 eD4 71814 

cOAtr1but1JI& character .. 

9) PC'Ciftt elaaticUy IID4 pU'CIIDt CIOZltribuUoc 

4at.,llll.llat1oBa 1n41oata4 araater 1nd1ract afflteta 

of duet pollution (tlrough otbllr' charactera) 

1. a. by aftecuna .. ,.,.. 1'11bo-pbJaloloa1 eel 

para..tara. 

• • 



Tbe pn-t 11lMat1cat1on, • Ertect or duet 

pellutanta on ~rowtllo dnalop•llt and :rt.ld of vbaat" 

wae conducted dur1QI !!1!!1• 1987-811 an<! 1988-89 111 tt. 

t1ald of rep.-t•llt of Botally, P\mje'breo J::riebl. 

Yldya Hth • .O:ola. R.pllcated axper1Mnta w:re COildUotad 

1n factorial r~~ndold.aed block deal&ll w1 th thrH dtlata 

(aoll. ce•nt ..,d kiln dust) at tour CCIDcentret101l le'fel.a 

(O.OJ 1.01 3.0 and 5.0 atrl> . Tbe r .. t.d ta obta1M4 -

11Umaarlee4 belOW! 

1) Phllt bal&bt wae ai&DlAcantly ucr .. ...s at .U 

ccmcentret101l leftle of duat pollution owr -trol. 

Mul .. a reduction wea ObHrnd at 5.0 &lrl- cblat 

ep;>Ucai1cm. AIIOilSet duet, oe•nt duet appllcatica 

sl&Dl 11 Clllltly nducad plant bel&hta oftl" aall duat 

( 191!'7-118). 

2) Leaf -· of '~~heat .,.a net afreotad by aoll duet, 

ceaent duat and lclln <tuat apollc~tlone at aoet of tlla 

ettCea or crop a rowtho At 4o nAS( 198'7-IIB) and 115 DAS 

( 19111!-89) ceMilt d\lat and kiln dUet •1aDlf1cptly 

reduced leaf area/plant our aoll duet appUcai1on. 

Tbit conceatratlon lnela of duet eppllcat1CIIUI 

ai&n1Acantly affected led -a/plaat. Tbe led 
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el'e.Jpl!lllt s raduelly deCII'eaaad 'ld tb 1nOI'ee .. 4 

cODoentrat1011 laYela ot duat pollution. 

') Leet -e 1114n wu not affected by type ot 41l8to 

--.r. lnara ... in conoentretillll le'\'ela o~ duata 

ai&nltlelllltlf rodlloed LAI ln both tba ,. .... o~ atud:r• 

II) Nu.Mr of tillen/a row l tb 11141catad-

ai&nltlc t effect• f typea ot dllat dul'lll& 198'7-88 

e4 ld.ln <!u.at al&nltlc..,tly ucre ... d llWIIber of till~ra 

OVU' ...tl duet ~pll ca tillll a t lo. 75 aD4 90 D 

Tba et~cta of concentration lawl a of dUat 

~pll catioiUI ,..re ai&nl t1 e t. Tile nuabel' o~ till_.. 

deoreuad "'-'h lncree.,.d lewla ot duet e>pllcati-. 

5) The 41')' •tt•r<ata2) ... ai&n1 ttc ... uy 1- 1D 
cteaant aD4 kiln duata tbafl eal.l duet• ., Uoath a.. 

Tba 41')' .. tter/a2 a1an1t1c@ntly decreased wtth 

ln--4 oonoentrationa l aw la ot <tuata. 

6) ee-t aD4 aoll dut eppllcatloaa ablnoed elaller .-op 

arowth rate (a/a2/dey) at -t of tba ata&ea of arowtla 

durl both tba ,...... II:Un duat pUoat1aaa N-.led 

a11n1 tlcatly lctwer can •alue durlD& 60 to 75 D.AS 

while a1an1t1oantly hi&bar C::R waa nctad diU'illl 75-90 

CAS ln 1988-89. Tba incre...S oanoentratiCIIl lawla 

ot dllat ai&nltloSDtl)' 40-•ad orop arowUt rete. 

Max1 ... l'oductiaa •• obaened at 5.0 ata2. 
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7) n. c-t dl.tat IIPPllcaUCila showed ai&nU!loaAtly 

hl. &her ~GR at 25-40 'HS .. <! ~5 AS ~rowth atiCO 

dur1 1987-811 •"' 1911&-89 roi!Jieoti ... 1,.. At r .. t ot 

tile at81••• 1 t ahowed love' R Yaluo tball aoll «uat 

oppUoa UOM. ~Ua c!uat pllcatlona ahD...t 

ai&Diticantly hi&her RCR durin& 75·90 n&S and lo_. 

RCR Yaluo durllll nat of tile &rowtll atiCoa• on. •• 

RGR yaluo UDd ... dUet b'H onuroa•nt• ,." 1010111" tball 

duat pOU.utod ODYirCil•nt. 

8) rile 1-r • k1 Yaluoa were rooordod tmdft" dUat pollt.IW4 

onYironMnt. Tile pl•t• s rOOil undar dl.tat ft'oeo 

onuronMilt roocrdod hillhar liAR .,al,..a. liAR arodually 

docroued -.1 th 1Acroaaod CODOOAtraUOA lowla ot dUat 

appllcaUcna. Jli .. a NAR .... Ob .. rftd at 5oO &/,} 

coAc011trat1on lovela. 

9) Soil dl.tat appllcaUona allowed ai&Aiticantly bl.&bol' 

chl-pb,711 ooAt•t• the ce-t ed kiln nat 

applloaUCilao The ohlarop!171l OOJttont ai&ni ticaatly 

docroaH4 wJ. th lncreoaocl c!lllees'tr.Uon 1 .... 1. ot ell 

c!uata. 

10) ~oil duat reocrdod ae:d .,, bl oaeaa while ltila c!uat 

noted 111.n1 .. a b1o••• (a/rl). Ot•nt otQt aholoed 

1Dtoraod1ato b1 ..... <a!rl>. n. b1 •-• ai&ni ticaatly 

docreaHd wJ. tb lncroaaod CODCantrat1oc 1-l• ot al1 

duata. 
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11) ~oil dust reoorde4 a1&111t1o8Dtly lll&ber .. ra/ril tt.a 

ooMnt 11'111 lr:illl dust IC'Plloetiou. llaxl .. a eera/ril 

wro reoorde4 UDder dust tree ennr~t. 'n. ._. 

IIUIIber a1&n1t1o tly 4eore ... 4 14th 111-.-« 

oonoentretie lewla or dUat pollutt-. 

c-t c111ata ahoWO<t a1&n1t1cent:l.y lowr 8Pikele1:11/ 

o.-t.o<t u coeparec1 to dl dlat pall.u~ •nr--'• 
Tile ep1kelot /oorhoe4 arodually ct.-ue4 14th 

1n_.o_c1 CODCeDtretioll lowle ot d o 

13) Tbovallld &rain Wld.&ht or v ot woe a1&a:l.t1-tty l

Ull or cnm>t and lr:ila dlat pollut d Oll-dreea&llt t~ 

ao11 du.fl:. Tile 1000 ara1n volaht w• .S.&a:l. tto•Uy 

lover ws"or dust poll• 4 onY1roa-..t tb111 -vel. 

1"0111.,., rt>ductiona 111 1000 areta w1&ht - ob .. I"Md 

•t 5.0 1/,; dust OOil081ltreUOCo 

11t ) Cretn yhl4 or wiled wu e1&n1t1o ny re4u.,.. Gild_. 

Mnt and lr:ilJl cluat pollutocl on-di'Gil.nta OYW eGll 

duat polluted onY1roaMnto Maxll&lll ylold - ~ .. 

.- at tree OM1.-..nt. Uol4 or wt.et a1&a1tlo.

ntly doc:roaaod ...S. til owry incro- 111 OOD08ntroU

lr~ola or duat. Mim.l&lll aral.ll ylold - Obllft'YM e1: 

5 . 0 a/ril 4uat lnel. 
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pol111W4 ell'lil"CIDMilt. CIIIM!lt dust recw 114 1-at 

haneat 1114n. Haneat 1A41c n at 41tfereat 

concentrat1GD 1ew1a of 4Wit pollvt10D ....-. 

ll111 coatl.y 1- tlw> 11011tro1. 

16) 1 . o.Mnt .ut ann ttuat pollvt1on abo,.. a•au.,. 

17) 

asaoclat1GDa -til 71 •1«. J'1e14 attributea ID4 

Pl~Yalolflli cal. p r-tera. RGR .n4 !fiJI 1n4lCiata4 

ll<m-ai&n111 e t auoclat10ft wltll 4Uat. 

l»:r kllll t!Uat 11114 l e .. t '111 til aoU 

~1..atal. attaeta of eluate ....... -.tnly • ~ 

of • .,..,.;, DWIIIIar o.t aratna/ .. rlla114, ld.-a/.1, 
cbloropiiJ'l1 c<lfttent .n4 rata of tl'IIIUIP1rat1aa. 

18) '1'lla petll -f11c1ent 1D41oet ed bf.JIIar 41raot etteeta 

aa ap1u 1e te/ .. r heed end......,_. of NN/rl. at ot 

t ile owacrtera abo,.. 1-.. direet etf eeta. "nile total 

1Dd1racst effect. of tlleM ollar'eotere ....,.. .. ell '-'• 

'1'lla 4uat pollut1Cil exbl.'b1t1JW 1o...,. d1reot etfeeta !lad 

affected J'1e14 tllro h ot.bw ollaract- Tile e.ttMta 

of dllat pollut1011 Oil •at of the Oll#eotera -• 

~.u .... 
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'9) Km ... P.GR allowe4 areateat d1r•ot ertacte OD )'ie1d. 

R .. t ot 1:he ch#aotePa ahcwetl lower dir.ot •.rteeta 

and Ill& her .lRdl ract a1'feots. ChlcrophJ'll caoten1: 

.nd rat• of tranap1r•t1Cin ...-re atch 1n1'lwmc..S by 

duat ):IOllvt!Ga. 

.. . . 
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A!>PEMniX I 

Linear r egroal1ona of yield• yield ettrtwt .. • pllyl1ol .. 
&1c81 oherectera of wheat UDder lafiueaco of dltroret typoa 
of duata. 

sr. Char~otea(T) • b .i 
Rf. 

No. 

senms 
1. nald/,} 269.Ao3 - 7.9'Z7 4.126 0.1~ 

2. '!'bouaaDd &1"1111o -1&ht 36.,. • o.ll64•• 0.074 0 . 603 •• 

3. No.ot t~p1kelet/ 16.86 • Oo319 o.166 0.1~ oarbe84 
lo. Ro.of &l"a111S/aarhlt84 58.53 - 1.86, 0.959 Oo1'Z7 
5. Kc.ot •arbtad/,} 'Z73o02 - 6 . 889 5.299 Ooo61 
6. Mno LJI 4.28 • O.olo5* o.020 o.16,• 
7. illo•u ~&ht/,} 646.60 •19 ... ,, •• 4.805 o.,.,.,•• 
e. CbloropiiJll ccnt111t 3.05 - o.11oe .. 0.015 0.7119 •• 

9. TrMIPlret1CIII •• 25 - 0.2 .. , •• 0.0116 0.516" 
10. Ma. RGR O.o6 0.001 o.oo, o.001 
11o Mlll<o MAR 1·6' - 0.029 0.0!19 Oo021 

1· U•ld/,} 
eetM~t ~IS 
265.11 •11.46o .. 5.6'Z7 0.217"" 

2. Thouaaftd arlin ~~btl :!1.75 - o.609 .. 0.093 o . 620 .. 

'· Ko.ot tp1kolot/ 16.72 - 0.576
8 o .167 o.16,• 

oarhn4 
- 2.491. Oo210• •• No.ot artll.u/oarhllod 59.114 o.91o9 

5. llo.ot •arbtad/,} 272.00 ·11 ••• 6. 5.0.,.. 0 .166. 

6. l"a.• LAI 4.28 - 0.07, .. 0.023 0.289·· 

7. m o .... walt,ttt/.J 646.11 -28.,.,.. •• 3.1o6o 0.721 .. 
e. Chl oropiiJll coat...t 2.95 - 0 .1,. •• o.o16 o.ru .. 
9. '1'1'81liiP1rat1• 4.19 - 0.,16- o.oll, 0.619 •• 

10. M.x. RCR O.o6 Oo002 o.oo, o.o21 

1, • l'!ax. t'UR 1.1111 - 0 .049 o .oto9 0.0,. 

CCIDtd. 
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.~ppudlx I CGD1:d. 

sr. Cllarao1:era( y) • No. 
b SE .1; R.2 

Qln ~I! 

1. Thld/rl 297. 93 -11.7211 " 0. 909 0 . 922" 
2. "'houa not Artola wel!!tlt .,...89 - o.:t"' o.'t81 0.109 
!lo wo. of ap.tkelet/ 1!1.!19 

earbeacl 
- o."'1 .. o.o.,.. 0 . 8911 .. 

4. No.of &rllina/ earbe.cl 50. !18 - 1.74, •• 0. 217 o.e:t:t" 
!!. lllo .ot ear'l»acl/rl 316.02 -12.941 •• 1.145 o.go,•• 

6. XuoLAt 4.oa - o.a~t6• o.o20 0.2'11. 
7. Blouaa weiaht/rl 671.;,:) -2S.6o6 .. 2.769 o. ••• 
e. Chloropby11 OOAt.ot 2.6\ - o.O?O•• o.o11 o.,,, •• 

9 . 1.'1'.-u~p.lrati• 4.$2 .o.m .. o.042 0.779-

10. Jl!a. RCR OoO!I • o .oo1 0. 001 o.!IO!I" 
11. JI!Uo MM '·" • o.o41 Oo012 o .s11•• 

1· nau./rl 
w. !1.1!1! 1:!1JI•1:!15 
273.:1) •10.145 2..,, o .22111•• 

2. TbOua-.d pllf,.a .el&ht .35.79 · 0.4~ o.o6a 0. 408·· 

J. 11o. ot t~pllelet/ 16.52 - o.,, •• o.096 o. 16, .. 
e.:-beat 

4. No.ot aratau/earhea4 57.07 - 2.081 .. o.553 0.1611 .. 

5. !foeot efiJ'ha.d/rl 282.18 •10·oo6·· 2.964 0. 140" 
6. M.p L.tt 4.24 - 0 .0!16" 0. 013 0. 206 .. 

1. ato .. sa Wfl1cht/a2 651.90 -24.942 2.476 0.592-
S. Chloropby11 -tent 2.91 - 0.1!1!1 •• 0.011 o.611" 

9 . Tl' .. snlret1.., ... 24 - o.-ze:t•• • 026 o. 619 .. 

10. ~. 'ttl'! o.o6 00. 001 0.002 0.007 

11. Jlex. N.AR 1. 64 - o.01t1 0 .02'1 0 .0!12 
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Al'i'i>=ll:I:X III 

ekly weatbtr data tor tbt ,. .. r, 1967•86 llll4 19aa..!l9 rnor4e4 at .ICrioulture ~lateorolosy Obaat"latory, 
P. K. V. 1 Akol.a. 

II • 11<'1"11&1 
A • .totual 

Mat , 'lata 'la1nfall in aa '11!1!!!!'"'1!:!!!:1! •c rif• !~lll.mx :.1 weak !<ill\ WJ.a I 1ill-..a l"o !!II ,..,,.ftii!IS 
No, ll A If A If A II A N A ----------- ----- - ---- - - - ----- - --- - - - . --- -- - - ---- ' 1. 2, ,, 4, 5, !5 , 1. a. g, 10. 11· 12 . 

loO 1~1 oot, ,1987 17.7 26, 8 ,,,9 32.9 16.9 22,, 110 114 "" 56 
111 ~'" 8,5 o.o 

"'· 7 "·" 19 ... 19.0 ., 76 " :!8 
112 15·21 1.11 1., "'·' ,,,g 111.5 20.9 71 R1 ,. 46 
.. , 22•28 12,6 o.o "·" :n.9 17.6 "·" ., 64 36 22 .... 29-lo Nn, ,,6 o.o 32. 7 34.1 16, 6 15.2 10 72 ~ 26 
.. , 5·11 2.4 o.o 32. 6 32.2 15.0 1/o, ll 69 66 21 ~ 
116 12·111 Oo't 111,8 32.0 ~.o 14,0 19,11 611 711 2~ 5Z 
.. ., 19-25 17., 38. 2 ,1 .4 ~ ... 1,.,1 ,, ... 72 B2 32 loO 
•e 26·2 !»C. 11.5 o ,o 29, 6 32o1 1:5.8 12.1 71t 110 36 2fl 
lt9 ,_9 o.9 o.o 29. 2 ~.a 12.6 10.2 71 12 " 26 
50 10•16 1·1 .,,a 29.11 21. 6 10.8 11!.6 10 ell a6 51 
51 17•23 Oo1 o .o 29. , :n.!J 10. 9 6, 6 68 10 29 21 
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AppeDM X III con tel. 

1 . 2. '· 4. '· 6 . 7. s. 9. 10. 11. 12. 

,2. 211-:51 1.:5 o.o 29. 8 29.5 10.9 11. 8 65 72 28 'Z7 
1 1-7 Jarauary, 1988 1,7 o.o 29.11 29.9 10.5 9.1 6:5 71 'Z7 28 
2 8-14 o.o o.o 29.9 :!10 .7 11 .1 11.9 6:5 74 2' :!11 

' 15·21 1o0 o.o !10 ·1 :!12.11 11·" 12.1 60 68 2lo 26 ,. 22-28 2.7 o.o :!10. 0 32.7 11.7 13.6 65 59 27 26 

' 29-4 hbruiU'J' 1.1 o.o ~.6 ,,.a 12.0 10. 9 55 67 2lo 19 
fi 5•11 4,7 o.o !10. 7 ,..2 11.4 9. 9 " 56 22 1:5 
1 12•18 o.z o.o :52. 6 :53.7 13.5 15. 8 51 66 21 2:5 

" 19-25 4 .1 o.o 33. 5 "·' 15.1 15.9 55 51 2:5 ,. 
9 . 26-11 March 1o7 o.o ]5.0 ,..9 15.5 16.1 46 "' 16 11 
10 5•11 2.5 o.o :56.1 YT.6 16. 6 17o1 39 46 '" 19 
11 14:•18 Oo9 o.o y,.6 -'3. :5 17.5 20. 0 ,. 42 '" 18 
12 19•25 o.o o.o "'·" y,.ll 19.1 1:5.5 :51 " 11 1 . -. -. -. . ---. ----. -. . -----. 
ItO 1•7 Oct . 811 17,7 15:5.0 :5:5.9 " •1 - - ~8:9· -:t~,; •- -~ • -~- • • · .; • • ;

9
• • 

1t1 8-14 8.5 o.o ,., 7 :51.8 19.4 16.5 75 114 " YT 
112 15-21 1.8 o.o "' · ' "'·:t 18.5 15.9 71 77 ,. :52 

"' n-28 n .6 o.o ''·" "'·• 11,6 13, 2 ., 79 y, 21 
41t 29-lt Koy, 5. 6 9. 0 :52. 7 :51.9 16 , 6 11.1 70 82 :!10 '!fT 
,., ,_, :t.4 o.o :!12,6 :50.5 15.o 11.6 69 a' 'Z7 28 
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Appendl.x III cQlltd.e 

1e :>. ,_ 4. 5e Ei, 7.--- ---~8;- -9, 10. H e 12. 

46 12-18 o., o.o ~.o 31<2 '!tl.o 9 . 3 68 eo 28 22 
47 19-25 17o3 OeO 31elt "•0 14.1 12.6 72 71 ~ 25 
It!! 26-2 "-O• 11.5 o.o 29,6 29.7 u.8 9.11 74 68 -,6 e 
119 ,..9 0.9 o.o 29.2 YJ.2 12.6 9 .1 71 66 31 " 
;o 10-16 1.1 4 , 2 29.4 28.9 10.e 9.4 10 76 ?6 28 
5 1 17·23 0 . 1 n.o 29.J ~.6 10 . 9 a .5 61!1 11 29 22 
52 2f,., 1o3 OeO 29o8 29.6 20o9 10 . 2 65 BO 28 26 ----. ----- -- ----- - -- - ---. --- - -------------- -- ------1 1•7 Jan , 1989 1.1 OoO 29olt ~.6 10o5 9,0 63 59 27 24 
2 8·1" o.o o.o 29.9 28,4 11.1 10.1 65 68 25 19 
' 1!1-21 1.0 o.o ~·1 ~.1 11.4 9 .7 60 65 2lo 22 
4 22-28 2.7 o.o 30 . 0 51.2 11·1 11.8 65 64 21 25 
' 29-4 Fell. 1.1 o.o 30.6 3/1,0 12,0 9.2 56 60 24 18 
6 5•11 4.7 o.o YJ .7 :n. 6 11,4 11.5 63 !15 22 11 
7 12-111 0 ,2 c.o ~.6 ,.o 13.3 12.1 51 54 :11 18 
8 19-25 4,1 o.o ,,., 31.5 15.1 7.5 ' ' 46 25 16 
9 26-4 MArch 1.7 OoO 35.0 57.1 15,5 15.2 46 45 16 12 

10 5•11 2.5 12.0 !11>.1 "'·' 16,6 ff.? 59 61 "' " 
11 12•18 0 .9 o.o 57.6 "·' ff.5 16.7 ,. 62 "' 21 
12 19-25 OeO 2o2 59oll 57, , 19e1 20e5 51 60 11 2!1 



•> !1 tle of the t hea! a 
( i n c ep1 tal lettera} 

b) \111 naae ot at ent 

c) re .. en4 ad asa of 
•·ajor viacr 

s • ..;2r .:;cr 0 ;o ~~.;T ~ vU..UT ANTJ o• 
c.·" H, u .. -v.ll.o.-1' .liT ~.< o nao 
u H .A'r(T~ .1!!!U!!.! L. ) 

:liD" .AU VI TWJI 00 ·cs 

fk' . N. PhadnNa, 
Aaa1a1:ant ofeaaor of Alr11 . 
Botany, "'epart ....,t of Bot any , 
Poflt Gr aduate Inati t ute, 
r unjebrao ,.r1abl c!yepeath, 
Akol._. 

d) -,. ree to be awarded Ph. 

•' Tear of BWnrd of dearae r 1'194 

f) 1·ojar aubj•ct 1G '! ?'L 'l'IJ!lAL OCTANT 

&) ;:tfhen~:-.J.of paa.. 132-

h} t:ullbor of • orda i n the 2.5') 
thea1 e obatr11ct 

1 } ·hnature of student 

J ) J. ! natura , i aM and 
Ad.dreu of forward! Ill 
authority. 

~"-'1 \11~4 

~b·~ 
Un1 " erai ty !Sptt. Of 3ot Yo 
f unjabr ao l riah1 'ddyapeet 

t.lr.ola. 

1'he pr eal!nt 1n.,.atiaet1on • ffect of dUst pollut ta 

on 8rovth, dnelop~t end yield o f wheat(~ !!!atiwa L. 

wea carried out in the 1'11'ld of ...,.oartaent or oteny, 
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uat depoa1t1on oh1b1ted nqati'M aaaocl.aUon 

w1 th &l"'wtb, pbya1ole&1cal )'ield 11114 yleld eoatribuUna 

charaotera. ~•rcent el aat1c1 t y 

detPrad.nat1ona 1nd1cRtlt11 ar .. t ar indirect ettecta ot 

duet pollution ( thrOU&b otbar cbprachra) i . e. by 

ntfect1"1' ~~ajor orph ll:ra1o1"'!1cal 1111re•tera. 

.. .. 


