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CHAPT'R I

INTRODUCTION

Tndie {5 a developing country, After
in‘ependence, much attention was paid on the establishment
of small to big industries with the object of achieving
self sufficiency and increasing employment potential,
Turing this phase, much stress was givem on the economic
benefits of industrilization while least attention was
paid on their harmful effects, The rapid industrilization
has now posed many problems of environmental pellution,

The famous episodes of air pollution 1)Mense
valley of Selgium in 19303 2) "onora, Pennsylvania, Us3eAs
in 1948; 3) London, UsKe in 1952 and 3hopal Cas episode,
India in 1984 have provided significent evidences of their
worst effects, These episodes have posed many questions
and opened a new area of research,

"uring recent years, increased demand of cement
for industrisl and urban Adevelopments heas caused rspid
expansion of cement factories in Tndig, These industries
are rosing problems of particulate emissions around the
factories, Cement kilm dust is a mixture of calcium,
potassium, slurdnium, sodium and silica oxides, During last
20 years, number of cement factories have been installed in
Vidarbha region, These factories are emmitting large
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amount of Aust in atmosphere, The dust settles on crops
and soil in the area arcund the factories and forms hard
crust when {t comes in contact with moisture, Crops and
vegetations in the vicinity of factories have been
reported to be damaged by dust pollution, Haraful effects
of particulate pollutants on plant growth have been
reported by ingh snd a0 (1980 a, b)j Lal and Asbasht
(1980, 1982) and Oblisami et al.(1978).

Considering the adverse effects of dust pollution,
present investigation on *iffeet of dust pollutents on
growth development and yield of wheat" was undertaken to
fulfil following objectives 3

1) To study the comparative effect of soil and cement dust
pollution on growth, develooment and yield of whest,
2) To find out detrimental concentration,

3) To sssess the yleld losses, if any.
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kind of environmental pollution that has been reported in
most industrial towns and metropolitans of India and
abroade

Major sources of alr pollution are particulate
and gaseous matter which get released by the burning of
fossll fuels such as ccal, petroleum ete, Out of these
comes a variety of emissions (1) fine particles (less then
100 u in dla) (2) Coerser particles (over 200 um ), large
earbon particles and heavy dust that is quickly removed by
gravity from the air,

The toxic effeets of particulate matter on enimals
and human can be classified as 1) intrinsic toxieity due
to chemical or physical nroperties, 2) interference with
clearance mechanism in the respirstory tract, or 3)toxicit)
due %0 _ggorpeq tOXic substances Tugene Venergrift et al

(1971) reported particulate air pollution status in USA
Anmexture-1.

2.2 Growth and Development

Peirce (1909) reported that small cement dust
particles clog the stomata of oak (Quercus lobats), fruit
Crees and grape wines, The coarser particles formed more
or less extensive crusts, thus covering over the stomata.
The accumulation of dust on the surface of leaves
consti tuted mainly a mechenicsl interference with the prope
exchange of those gases concerned in respirstion end
photosynthesis which might be more or less injmrious,
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Tolrde-h Particulate Mr pbllutxon status in Us e Ae

“ouree "mission in Tons

per year

1. Muel combustion
Meetric utili ties Tndustrisl use 5,995,300
2, Crushed stone, sand and Oravel 4 ,60,000
3. Asriecul tural and Related operations  17,68,000
4, Tron and steel 15,64 ,000
5. Oement 9,434,000
6., Lime 5,473,000
7« Qay 4 ,68,000
8, PFertilizer and phosphate Rock 34274000
9. Petroleum refining 45,000
10, Asphalt 2,18,000
11« Ferroalloys 1,604,000
12, Coal cleaming 94 4000
13. Carbon black 93,000
1, selds 16,000
15, VYNon ferrous metals 6,02,000
16, Total 180,841,000

17. Yormal standards for maximum 2ehours “mission
Particul ate matter

a. Jteam power plants 0.1 1b/million BTV Mired
b, Portland cement plents kiln 0,3 1b/ton feed

6. Clinker cooler 0.1 1b/ton feed

d. Municipal incinerators 0,08 grain/sef at 12% COg
e, “ulphurie seid plants 0,15 1b/ton actd(M230y)

"ugene Venergrift ﬂ al. (1971).



nerley (19°6) demonstrated that the finer
perticles of certeln cement kiln dusts collected from
electrostatic precinitators 414 interfere with ™9 exchange
and in some ceses eaused eonsidera®le leaf intury in pinto
bean, Tnjury resulted from the combination of e
relatively tiek erust deposit and the toxieity of alksline
solutions formed when dusts were deposited in the presence
of free moisture, The results further suzgested that
celeium content slone mizht not be the only indicator of
whether g dust mizht be injurious, and much more needs to be
known sbout the effects of the intersction of chemical
composition, particle size and deposition rate,

dngh end a0 (1968) conducted the experiments to
assess the effects of cement dust on plants, using wheat
as test plaents under pot culture with open top polythene
chamber, Cement dust was dusted uniformly on plants daily
in the morning when they were 40 days old at the rate of
7 a/n?/day, Tusting was continued ti11 the plents attained
the age of 100 days, "esults showed that the dusted plants
exhibi ted stunted growth, sccompanied with reductions in
length of their root, shoot, total and effective tiller
number, leaves and grain per spike, Mineral contents of
dusted plants also 4i ffered from control,

Mennine (1974) investigated effects of continuous
emissions of limestone dust from quarries and processing
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plants on leaf condition, foliar d4isease incldence and
lenf surface microflora of native wild grspes, sassafras
end hemlock, Crape and Sassafras leaves vith moderate
dusts deposits had more fungal leaf spots than comparable
leaves wvithout visible dust deposits,

Musty grape and sanssafres lenves were darker green
in eclour than leaves w!thout dust deposits, but g1l were
comarable in size, The termingl new growth of hemlocks
with heavy dust deposits was greatly reduced in length when
compared to terminsl growth on hemlock trees without
visible dust deposits,

Brandt and Rhoades (1972) deteruined the effects
of dust asccumilation on structure and composition of a
forest community, The sites were similer in all respect
except for dust accumilation, OCne site, the control, had
essentially no dust specumilation, whereas the other had
heavy accumulstion from limestone progessing plents, Vvhen
compared with the control site, siani flcant chenges in
structure snd composi tion were observed in the seedling,
shrub snd tree strats of the experimental site, leading
dominsnts in the control site were “uercus prinus, J.rubrs,
end Acer rubrum, whereas those in the dusty site were
Luereus slbs, J.rubra snd Liviedendron tulipiferg.

Arandt and "hoades (1973) recorded annual ring
mepsurements on four tree specles to determine the effects
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of 1ime stone dust on lateral growth, The reiuetion in
lateral growth of at least 18% was shown for \cer rubruas,
Qeprinus and Q.ribrg, lateral growth of Liriodendron
3ulipi fera was however, increased by 76%,

“angasamy et al. (1973) observed increase in
eomposition and frequency of species in the vegetation away
from the vieinity of the smoke stack, Most members of the
vejetation possessed smaller leaves with the exception of
few which had medium sized leaves, The droad leaved plants
were totally absent in this areas.

dnha (1973) reported that the average dust
discharged into the atmosphere tirough several cement kiln
ohd mmeys amounted to 1,29 million tonnes/year into the
atmsphere, A pert of the fine powders as mentioned sbove
finally escapes to the asir through cHmeys snd pollutes
the atmosphere which may retard the srowth of the vesetation,

Aohne (197h) stated that dust from cement works
contsins 30 to 40¥ lime and 15 to 20% siliclaeid, vhich
harmed the growth of trees,

Perthasarathy gt al.(1975) conducted experiment in
the fields nearby a cement factory, OCement dust deposit
varied with the distance from the kiln, It vas observed
that fourth and fifth lesf of malze crop had comparatively
more dust than the first tiree lezves from the tope The
cement dust deposited plants showed suppression in wost of
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the characters like height, leaf size, number and aize of

codbs, when compared to nlants in nomnelluted fMelds,

Toth and Wanus (197%) concluded from pot culture
and fleld experiments on soil polluted with ‘ust from cemen
works that the above zround plant dry metter of nat snd the
tuber starch content of potatoes were markedly decreased by
prolluted soll as compared to control on unpelluted soil,
Pollutien increased the contents of 3102 and Cad in the
grein dry matter of oats and Ca® and Mg0 in the tuber dry
cgtter of potatoes,

Klinosek (1976) studied the effect of cement dust
on seven species growing at various distances from g cement
workss It wes observed that Cornus mes end Crgtaegus
Lonogyng were sensitive to dust pollution, vhereas Tgmeriy

pentgadrg, Cergsus (Prunus) gyium, Pisug nigras Dopulug
robugtp and D.glbe showed tolerance.

Rhoedes (1976 ) observed severe folisr chlorosis,
leaf” scorehing aceompenying dranch die<bsck and mortall
of J.prinus, J.velutine, J.rubra, J.cpeeines snd Q.alby
growing under cement dust polluted environment from 1903 #¢
1940, Tt wes concluded that acid loving species such as
Jeprinus were unsble to obtein certain essential nutrients
as soll pH velues in the affected area were sbnormally higl

Oblisamd gt gl. (1978) reported that cement kilm
dust deposit varied with the orientation of the leaves and
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maxioum dust deposition was observed in the middle group
lesves, The plant height, number of leaves per plent

and nusmber of bells per plant were lower in the polluted
cotton plants when compared to those of the nonepolluted
plants, The cement kiln dust pollution seems to affect the
photosynthetic process and nutrieat uptske of the plants
whereby, interfering the growth and production potential,

Henus and Toth (1979) carried out chemical end
ehromitograniic analysis of sugar in bean (Zhaseolus
yulgaris ) dusted in the 1st stage of development vith a
cemant factory dust and showed that the eontents of redueing
and total sucars were lower than In undusted control plants,
™y matter content of the leaves, but not the stems, of
dusted plents was hgher than that of the eontrol plants.
rusted plants showed high cellulose and low starch contents
as compared to contrel plaatse.

Borka (1980) applied cesment dust to the leaves of
lelignthus gnnuus ver. OKe70 in quantities based on the
emission values of the ‘una cement kiln, "ust applied at
30 .[-3 per month damaged crop slightly, After 130 days,
helght was reduced by 4,5% as compared to control plants,
A% 900 days, the percentsge reductions were found to be in
total leaf area by 3.1% stomatal resistance by 10%
photosyathetic pigment content by 5,7%, respiration rate by
10,9% and catalase activity by 22% in dusted plants,
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dngh and "o (1920) reported that the cement dust
deposi ted on plants interfered with their growth and
development leeding to reductions in their several
morphological characters like length and number of roots,
lesves, shoots an? ears, The photosynthetic ares and grain
setting of affected plan‘s were also remarkably reduced,
These changes were negstively correlsted with the distance
from the source of dust emission,

Borka (1981) studied the effect of cement kilm dust
on maize plent, It was noted that in consequence of the
continucus polluticn, the leaves became evenly covered with
cement, As a result, the height of the plant was decreased.
The initial small dearee of pollution had a posalitive
effect on the growth rote of the leaf blade, but the
development of the cement crust had a negative effect, The
dust layer blocked stomata thus, csusing dlsturbances in the
carbon essimilation and in the heat end water regimes of
the plant,

Sorka et al.(1981) reported that plents of winter
wheat cv, Bezostaya I, Jankuti end “ovin 10, grown in pots
or in fleld plots were treated \Wdth 7 or 30 g cement dust/w’
leaf surfsce every 3 dsys t'rous’ put the growing season,
Pollution caused reduction in plent height, dry matter
asccunulation and ear size wiile some esrs became deformed,
n{fects tended to increase with incressed rate of applied

dust,
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dorka (1985) noted delayed growth of pea plants
grown in presence of loose cement dust by bef days when
compered \lth control plants, There was a delay in flowere
ing while fertilization phase wes shortened, Tontaminated
plants were taller sand showed sharp decrease in the intensity
of metabolie dearadatfon processes including catalase

enzyme msctivity and respiration Intensity,

Jerath gt gl,(1985) studied the effect of cement
dust pollution on vegetation srowin: in the vicinity of a
cement faetory. Tgemszeton sp.: Spasureg sp. and
Veroniga sr., showe! highest sensitivity to cement dust
pollution, Amonsst the tree species, flowering snd
frulting was conspioucusly absent or reduced on the side
facing the factory., The heisght of the plants was alsc
decreased with the decrease in distsnce from the factory,

/nda (1986) measured chanses in the radiation
balance (albedo) of malze polluted with cement dust, It was
observed that radlation intaske of polluted plants was
increased, and tids inecressed plant tespevature and
evepotranspirstion, igher radlation velues did not have
e positive effect on dry matter production, «

Borka (1986) reported that the floatinz dust from

the cement works settled mainly on the leaves of the winter
barley, forming a more or less continuous cement crust
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under the influence of moi gture, Tnteraction of frequent
snall quantities of precipitetion snd alkaline cement
dust resulted in partis] eridereis injuries to the youmpg
lesves, The generative orzans of “ust contaminated plants
shoved unfavourashble development and growth; the number

of flowers and spikelets in the spike became smaller,

Sl et al. (1987) reported that the cement dust
significantly affected the height of Airhar (Cglenus gajan)e
wheat (Iriticus gestivas) snd Alsi (Linus us!tetlesigs) tn

the vicinity of cement factory,

Jgrawel gt ale. (1968) reported follar injury
symptoms in form of chlorosis, necrosis and crust formstion
in most of the plant species growing upto 2 hnz area
around the cement factory, lowever, in case of jnisomelug
avata, Calotropis procers, Mukip sesbrells snd Delum spey
no such symptoms were observed, The dust deposited on
leaves gradually decreased at increasing distsnce from
coment plant, Yaxiwum dust depesition of 9.60 gu"> lea?
area on Mangifera indies and s dnxj-u- of 4,30 gu" leaf
area on Ogium sp, were recorded at/ a distance of 0.1 km NE
from the cement factory.

Gunsmani et sl. (1989) reported that the cement kiln
exhaust affected the morphology and snatomy of plantse
The deleterious effects of /the dust on the mcrphology of the
leaves included redustionf in leaf size, necrosis, change of
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e¢olour, curling of leaves ete. Inatomicslly, the leaf
thickness was altered, The epldermal cell wall was
modi fled o The epldermgl cell number was incressed,

However, the cell size was decreassed.

Swaminathan et gl.(1989) observed retardation in
plant growth, necrosis, cracks, injuries and border effect
of trunks, branches and leaves of some plants due to
cement dust deposition. The effects included plugging of
stomatal aspertures, closfure of stomata, deformetion of
guard cells snd malformation of subsidiary cells, These
effects in turn reduced the rate of photosyntheais,
earbohydrete content and rate of respirstion whch led to
reterdation in growth of the plants,

Prased snd Tnamdar (1990) studied the effect of
cement kiln dust pollution on bleek gram (Vigng mungo).
The esment kiln dust pollution deereased height and number

and size of flowers,

Gunemani end /rjusman (1991) observed that the flora
present in the vicinity of a cement factory was heavily
deposi ted by the kiln exhaust dust, The merphology and
snotomy of the plants were affected by the cement kiln dusts
The serial parts of all the plants studied were fully coated
with the dust, The deleterious effects of the dust on the
morphology of the leaves were expressed by the reduction in
size of the leaf, necrosis, dameged leaf margin, change of

eolour, curling of leaves ete.
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Prasad and Inamdar (1991) reported effects of
cement kiln dust pollution on growth characters and yleld in
Yigng seonitifollg, Veradiats and Youngulculgtge Polluted
plants of V.gconitifolig exhibited 50% reduction in shoot
length, Phytomass was reduced upto 71,78% in Veunguicul gta
while root/shoot retic was increased upto 26,43%, The
number of fruits was reduced upto 63.,28% in Vergdiagta,

snonysous (1992) studied the effect of graded doses
(189 38 and 5 1/12) of cement dusting on cotton plants
dally for 50 days, Cement dusting affected physiological
characters like dry matter production, photosynthesis,
leaf srea, LAT, 0GR and NA® gignd Meantly,

mnonymous (1992) reported that the continuous
coment dusting st the rate of 1 to5 l/l2 deily for 40 days
on soybesn crop signi flcantly reduced the plant height by
9 to 20%, leaf number by 13 to 32%, chlorophyll content
5 to 12%; leaf area by 7 to 11%, 13 to 19% and 22 to 27%
dry matter production by 4 to 28%, LAR by 4 to 7% 6 to 12%
and 8 to 18%, LAI by 12 to 24%, specific leaf welght by
9 to 19%, AGR by 23, 36 and k6x,

satac gt al.(1993) reported that cement dust
pollution (0, 4, 7 snd 10 g/uw?/day) significantly reduced
height, nusber of branches and dry weight per plant. The
reduction in height of cotton AHH 468 was 1.9, 5,65,
B.17% and in AlHah, 4,3, 8,56 and 13,74% over control,
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respectively, The reduction in number of branches per
plant was 4439, 11427, 22,04 % in AiH-A68 and 11495, 15,54,
38,98% in AKHeh over control, “imilarly, reduction in dry
weight per plant was 10,98, 18,82, 22,95% in AH'W468 and
12435, 15466, 29,21% in AlHsh over control,respectively,
The reduction was of higher magni tude i th increased rate
of cement dust pollution,

2.4 nffeet of Tust Pollution on
Physioclogical Parameters

2.4,1 Fffect of dust pollution on chlorophyll content

Tonescu and Weema (1974) reported that in en ares
polluted by dust from cement and cersmic works, the
chlorephyll contents of leaves of wheat and maize were
lower than thet in en unpolluted ares.

3erka (1980) noted relatively lower effects of
cevent dust spplied at 30 g/u per month on Lelienthus
annuus cve CKe70, At 100 days, the reduction in photosyne
thetic pigment content was observed to the extent of 5.,7%

Lal and Asbasht (1980) observed thick deposition of
cement dust on upper surface of leaves of C.guaysvg plants,
growing near the cement factory, The concentrations of
chlorophyll 'a' and 'b*, totel chlorophyll, ratic of a:d
chlorophylls end carotencids were always greater in dusted

leaves.
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singh (1980) treated wheat plants with cement and
nitrogen dioxide (NO2) alone and in combination between
the age of 20 and 100 dayse The results revealed that
cement dust and 102 applied alone and in combination caused
measurgble reduction in chlorophyll content, vhest crop
grovin: at polluted sites showed lower chlorophyll econtents
(sinnh and Rpo, 19%0), 9ineh and Rao (1981) confirmed above
observation by dusting wheat plents @ 7,0 ;/-2 cement
dust/day for 50 days. %orka (1986) slso reported similar
results in winter barley and in meize by Pande and Simba
(1990). FHowever, 7lorkes @t al, (1981) observed inecreased
echlorophyll content im winter wheat (eve "ezosteds I,
Bankutl snd Yovin-10 treated with 7 or 30 g cement dust/m?
leaf surface) end in maize (3orka, 1981), Sdimiler result
were reported by Pavar et al.(1982),

Krishnamurthy and iajachidambaram (1986) recorded
56=68% reduction in leaf chlorophyll in cement dust ccated
leaves of joressus flabellifer, Curcuss longs, ooconut,
tomarind,

sl gt ale (1937) determined cement dust depesits
and chlorophyll content on leaves of "lcus bengglensig and
Manzi fera indica trees and reported negetive (nonesignificant
correletion along the penalization gradient (down wind
direction),
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/grawal et gl.(1988) observed decrease in
chlorophyll content by 52% in Cassig torg and 21,37% in
Celotropis procerg nesr the vieinity of cement factory,

Prosad end Ingmder (1990) studied the effect of
cement kiln dust pollution on blsck gram (Jgna mungo) end
found deeresse in chlorophyll content, Feduetion in
chlorophyll content of leaves due to cement dust spplication
have been reported by Prasad and Tnamdar (1990) in pea
(Pisum setivum); "rasad et 8l.(1991) in Arhar(Cajanus cajen)
and Anonymus (1992) in soybean,

shukla et ale (1990) treated Srassica campestris L.
var, GCe320 with cement dust at the rate of 3, 5 and 7

|/l2/d.y for 90 days. Treated plants showed a conaistent

reduction in photosynthetic pigments over control plants,

2.4e2 FEffect of dust pollution on leaf temperature :

Aler (1977) reported rise in th;mg}ﬂausty leave
of bush /hododendron gatgwbiense Miehx eve by 2 to 4°C when
comared with clesn leaves, The increased leaf toq:c;\nrb“yﬂ
road dust strongly influenced net photosynthesis and

producti vi ty,

Veler et 8l,(1979) reported that the woody plants
(Vorway spruce foliase) and shrubs (hazel) at three sites
at increasing distance from the cement factory, directly
outside the factory, and heavily contaminated with dust
increased the leaf u-?;:kfu'befo-d leaves and herbs by 1.4°C,
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2.4e3 Zffect of dust pollution on transpiration :

Gale and “aston (1979) observed small effects of
limestone dust in reducing transpiration of Xanthium
strumgrium leaves during the summer season,

Maler et gl.(1979) stated that the woody plants
(¥orway spruce foliage) end shrubs (hazel) at three sites
at ineressing distsnce from the cement factory, directly
outside the factory an? heavily contaminpgted with dust and
modterately contaminated forest margin, the transpiration
of broad leaves showed a peak earlier in the day (11 a.m.)
end their leaf saturation deficit was hisher than slightly
contamineted forest cleaning,

nzh and “ac (1981) reported that the wheat plant:
dusted with 7 |/i’ cement dust a day for 60 days reduced
the trenspiration rates siznificantly, n"ust from quarries,
cement factories and road traffic were found to affect
transpiration process in agricultural and horticulturasl
crops like grasslend, health lands, trees and wood lands,
arctie bryophyte and lichen communities("armer, 1993),

2,44 “ffect of dust pollution on photosynthesis :

"hotosynthesis is a vital process in sutotrophs an
has direct effect on growth snd productivity, Cement kilm
dust pollution was found to affect photosynthetie process
whereby, interferins the growth and production potential
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of the plant system (Oblisani et al,, 1978), Masler et al,
(1979) reported thst photosynthesis in hazel was lower in
shrubs (hazel) Mreetly outsi‘e the factory and heavily
contaminated vith dust than slightly contaminated forest
oleaning,

Gale and “aston (1979) measured the dust accumulate
ion on the leaves of Xanthium strumerium during the summer
season and noted small effect in reducing photosynthesis,
However, Jorka et al. (1981) deronstrated that plants of
winter wheat cv, Bezostajes I, Bankuti and Novin 10 treated
with 7 or 30 g cement aun/-’ leaf surface showed reduced
photosynthesis,

Taniyama gt gl.(1981) observed that in rice cv.
Koskihikeri, daily spplication of 1, 2 or 5 g cement Ml‘
decreased rate of photosynthesls to 6,65, 6,89 and 6,11
q/dn’/h. respectively, as compared with 8,76 -/n’/h in
the untrested control, Inhibitory effects of cement dust
pollution on rate of nhotosynthesis have also been reported
by Prasad and Tnaadar (1990) i{n ¥igns mungo and Anonymus
(1992) in cotton,

Krishnamurthy and "ajachidambaram (1986) recorded
the reduction in photosynthetic rate in cement dust coated

leaves of Jorassus flabelllfer, Curcums lonza, coconut,

tamarind, ‘hile Swaminathan et al. (1989) Hp.l;‘togu reduced

rate of photosynthesis, carbohydrate content in” ; indiecg,
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Mangife “Tarmarindus
Zocog nucifers, | indicg, [rosopis eineraria, [ indicy

due to dust pollution, ‘dmilerly dust from quarries,
cement factories and road traffic was reported to affect
photosynthesis process in ssricul tural and horticultural
crops, like grasslands, health lands, trees and woodlands,
sretiec bryophyte and lichen communities (Farmer, 199%),

2.,k,5 "Tffect of dust pollution on respiration i

‘weminsthen et al. (1989) noted that the cement

factory kiln exhsust reduced the rate of dark respirastion

Azadivac Mangitera
in L}XEQT.‘.ET: ‘ogos nueifers, | indica, Drosopis clnereris,
Tamerindu
kmi— By and lerge, dusts from quarries, cement
factories and road traffic affect the respiration process
in sgriculturel and horticultural crops, sretic bryophyte
and lichen communities (Farmer, 1993).

2,b46 Dffect of dust pollu e :

dingh (1980) stated that wheat plants in 1 m> plots
were treated with cement and nitrogen dioxide (102) alone snd
in combination between the age of 20 and 100 days. The
results revesled that cement dust snd "Ny spplied alone end
in eombination caused measurable reduction in blowmass
accumulation,

ingh and a0 (1980) analysed the cement dust
polluted samples with respect to phytomass accumulation and
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observed that plant closer to the cement factory had
reduced accumulation of phytomess.

Singh and "ao (1981) reported that the wheat
plents dusted with 7 g/af cement dust a day for 60 days
showed siznificantly reduced productivity,

A

Aporust (1986) reported that the reduction in
phytomess was not only due to reduced photosynthesis, but
also due to incressed dark respiretion,

Prasad and Inasdar (1990) studied the effect of
cement kiln dust pollution on black gram by cosparing plents
of polluted as well as nonepolluted sreas. ™ue to cement
kiln dust lation on exp d parts of the plents,
there was a decregse in phytomess and net primsry
producti vity,

Shukla et al. (1990) dusted plants of Drgssies
eamestris L.ver, 0=3520 with cement dusts, at rates of
3, 5, 7 &/n°/day for 90 days. Treated plant showed a
consistent reduction in growth, photosynthetic plgments,
yield and oil content over control, The overall phytomass
of treamted plents was significently decreased, the
mexxi mum reduction being 64,8% in 7 g/u® followed by
5 8/0 (55.3%) and 3 g/a?(43.69%) at 60th day,
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"rasad end Inamdar (1991) studied the effect
of cement kiln dust pollution on Vigna geonififolia,
Yeradiats and V.unguiculats and observed that phytomass
was reduced upto 71.78% in V. unguigulats » The number
of fruits reduced upto 63,28% in Voradiatas

Prased gt al. (1991) studied the effect of
coment liln dust pollution on Cajanus cajgn and showed
reduction in growth, phytomass and net primgry
productivi ty.



CHAPTER IIX

MATERIALS AND METHODS

The investigations reported herein were carried out
in the field of Department of 3otany, Punjabrao Xrishi
Vidyspeeth, skola, located at 307.415 meters altitude,
22%1' latitude and 77%02' = longitude, during rebi
seasons of 195788 and 198889,

3e1 xperizental Tetalls
1987-88 1988289
3e1e1 Design of experiment Factorial fandoe Factorial
wl sed Tlock Randomd sed
nesign Block Desig:
3142 DNogof replications b [y
3e1e3 Nosof trestments 8 12
a) Main factor{dusts) 2 3
1; Sedl 1) %eil
11) Cement 11) Cement
111) xiln dusi
b) Subefactors(doses) L] 4
1) 0,0 g/ 1) 0,0 g/!
11) 1.0 g/ 11) 1.0 g/
111) 3.0 g/ 111) 3.0 g/
1v) 5.0 g/vf 1v) 5.0 g/
3e1sb Plot size 18x2m 18x2m
3¢1e5 Spacing 22,5 x 2.5 oem 22,5 x 2,5 |
3e1.6 Methods of sowing rilling orilling
317 Date of sowing 2h,11.87 21.11.88
3.1s8 Seed rate 100 kg/ha 100 kg/ha

3e1s9 Crop “heat variety Kalyan Sona
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3.2 Sowing

Seed was treated with Agroson G,W, at the rate of
2.5 g/kg of seed defore sowing, rFertilizers were applied
€ 100 kg ¥ + 50 kg P20s + 50 kg K20/ha to gross plots,
Half ¥ and complete doses of P20s and Ko0 were given as a
basal dose wiile remaining N was applied ome month later,

363 Irrigations

A und form pree-sowing irrigation was given to all
plots during both the years of experimentation, In all,
erop recelved seven to eight irrigations as end when require
(including criticel stages of growth), Vidle irrizating
the crop, cere was taken to supply water uniformly end with
slow speed,

3. Plant Protéction Measures

As preventive measures, one endosulphan spray was
given at early stage (30 DA3) and "flethane 7«78 spray was
given during earhead emergence stage,.

3.5 ‘pplication of "ust

Por dusting the plunger duster was used, At the
time of dusting, crop was covered with musline cloth tenis
(2 x 2 x 1,75 =) for effecting uni form load of dusts
in air., The dusting was started 30 days after sowing.
Crop was dusted in the evening at every slternate day.
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Tusting was continued till the harvest of crop., The tents
were removed in the morning.

3.6 Observations

Observations on following charscters were recorded
during the ontogeny of crop. The methods used are
deseribed below,

34601 Plant height (om) @

Plant height was recorded at the time of harvest,
The height was measured on randomly selected five plants in
each plot in em from the base of the plant to the top of
the earhead,

3,642 Tiller count ¢

Total number of tillers, exclusive of main shoot
per plant were counted periodically on the five plents
selected from each plot,

34643 Leaf area per plant :

To determine the area of leaves, five plants were
selected at random from each plot, The green lesves were
separated and leaf area was measured on sutomatic leaf ares

model

neter (AAM 7, Japan).
34644 Leaf area index (LAI

LAI represents the ratio of leaf area to the lend
area, The leaf area indices were worked out from the data
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on leaf area recorded at various growth stsges and land
area provided to a plant by using the formila given by
vatson (1947),

LAl « leaf ares ()
land area (

3.6e5 ry metter production i

In order to study the effeet of dusts on dry matte
production, plants were sampled from one meter row leng
disgsrding root portion,

In 198788 plant samples wera taken on 25 DA3S and
in 1988489 the plant samples were taken on 30 DAS,
Periodic samples were taken at 15 days intervel in both
the seasons of experimentation, The samples were kept
in brown peper bsgs and then dried in electric oven at 70°
The last constant welght was recorded as dry matter weight
From these wedglts, dry mstter produced per plent wes
determined,

3.7 Physiological Parameters

a) Orop growth rate (COR)
b) “elative growth rate (ROR)
) Net assimilation rate(NaR)

Above growth parameters were determined by using
followin: formilae



o 28 4,

3.7¢1 Crop growth rate (C07 )g

Orop growth rate sives rate of dry matter
increase in per unit time, Tt is generally expressed
a8 g/day, TFormila used for finding out COR (/ataon,1958)
was as follows @

g

con(g/aay) = '—’:-'_-é
“here W2 and Wq represents the total dry matter produced
at t2 and tq time interval (days).

3.7+2 ielative growth rate (RGR) 3

Alackmen (1919) stated that the inecrease in dry
matter of a plant is a process of continuous compound
interest; wherein the increment at any interval adds to
the capital for subsequent growth, The rate of increment
is known as relstive growth rate, For calculaeting POR for
formila given by Misher (1921) was used.

RGR(g/g/day) = L_°‘.'_'."%""_;'L'_"_‘

Where ' and Y4 are welghts of total dry natter per
plant at the time t» and t4 (DAS) respeetively, It is
expressed in g/g/day.

3.7+3 let assimilation rgte (N4 ¢

Gregory (1926) used the term "Net sssimilation rate”
(NAt)se Wllioms (1946) provided a formula for estimating
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meen NAR over m period of time,

N (g/an?/day = ‘;: X Lo‘:;_‘::" -

vhere LAq and LAp represent leaf area (4n) and
4 end Vg as dry welght of plant (g) at time interval tq and
t2(days) respectively, It is expressed in |/dl’/duy.

3.7.4 Rate of Transpiration

Transpirstion rate of the leaves wes measured by
the cobalt chloride paper (Mayer and inderson, 1955) by
followdng formulas

6a/as/ secona) = 230U

(=]

vhere,

Y = Grams of water vspour requiredto change 4 ad‘
of cobalt chloride paper from blue to pink
eslour,

T = "bserved time of colour chanee in second on leaf

3.8 Yield Contridbuting “haracters

3+3¢1 Thousand grain weight

Composite samples of grain from each plot yleld was
drawn to count one thousand grains, These counted grains
were weighed on cherdcal balance to record test weight,
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3.842 Mumber of grains per earhesd 3

The earhesds obtained from five randosly selected
plants were threshed seperately and total number of grains
cbtained were counted, “rom tils dets nusber of grains per
earhead wvas calculated.

3.8.3 Nusber of earheads/s? i

The earheeds obtained from one l’ plot were counted
to record numer of oarhnadl/lz.

3.8.4 Number of spike! er )

M ve randonly selected earhesd (maln culm) were
used to corunt total nuamber of spikelets, "ata obtained was
‘mean
used to “etermine number of spikelets/earhead/plant,

.9 Plant Yield

3491 HAologlc 1ld s

Produce of each net plot was tied in bundles end
were allowed to dry in respective plots for eizht days.
After thorowh sun dryinsg, the weight of total produce
(grain + strew) from each plot was recorded (g).

3¢9¢2 CGrain yleld s

Acht days after harvest, the produce from each
plot was threshed with manual labtour, Creins were separate(
end cleaned, Crains of each plot were again dried in hot @
for two days and graln welzhts of all plots were recorded(g)
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3.5¢3 Jarvest index :

Hervest index was worked out by the following

formul ae
Harvest index( irain yield/plot
X) - - 7 * 100
3. 10 Cherdeal maelysis
34101 Total chlorophyll content ( "resh weight basis):

Total chlorophyll content was determined
spectrophotometrically using the method given by Yoshida
et 81.(1971)s The total chlorophyll (ms/g fresh weizht) was
computed by the formile given below

- D 652 x -
J::}. Chlorophyll(mg/g) = 5 10007 ¥

Where,

D = Optical density at 652 mp

V = fnal volusme

W = fresh welght of sample in g.
3e11 Meteorclogical Data

The metecrological data on rainfall, meximum end
minimm tempersture, humid ty were obtalned from the

Meteorology (bszervatory, "epartment of Azronomy,Punjebrao
¥rist Wdyapeeth, 'kola and are presented in /ippendix [,



CHAPTER IV

REISULT

The effects of dust pellutiens on growth,
development and yield of wheat are presented in this
chapter,

b1 Effect of Dust Pollution
on Finsl Height

Height is a measure of general growth of plant,
It is being affected by large number of internal snd
external factors. In order to assess the effect of dust
pollution om growth, final height(em) was measured at
maturity, Data are presented in Table 1.

Deta presented in Table 1 revealed that height of
wheat during 198788 was significantly affected by dust
applications, Amongst dusts,cement dust showed
signi ficent reduction in plent height, r‘uring 1988.89
vegavding the effects on height, duffevences amangst the main factors iz
season, . u-nt. soil and kiln dusts

were not migni ficent,

The effects of graded concentrations of dusts
espplications on height were signi fliesnt during both the
seasons, The height was significantly reduced st all
levels of dust applicstions over control, Height was
gradually decreased as the doses of dust epplications were
increased, Minimunm height was observed at 5.0 g dust
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Table 1. "ffect of dust pollution on final height (em) of wheat

(1987-88) (1985.29) .

Congentration 3 3 3 5 Fean 0 1 3 5 Hean
Treagtuents
501l dust 84,96 84,20 T7.80 76,80 80,19 85,12 22,47 Bn,00 75,10 an,02
Cement dust 84,96 81,038 T5:20 74,60 78,20 B87.50 79.82 73,27 7%6€5 79.06
Kiln dust - - - - - BS,75 81,15 79,20 7h,k0 80,12
Mean 84,96 81,11 76.50 7h,20 86,12 281,15 78,15 Th.T1

? c ™C T c ™C
17 test Age dge NS NS Mge N3
SE(m) & 0465 0,92 1.30 0,57 0,66 1.4
Ca De (5%) 1.98 2.80 - - 1489 -

Co Ve % 2,85 2,85
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dust application (74.20 and 7h.71 em).

The intersction effeets were not significant,
These results indicated that irrespective of source of
dusts, dust depositions on plents retarded wheat growth
in similer menner,

b,2 vrr:’: of "ust Pollution on Leaf
trea/Plant

Photosynthetic efficiency of green plants is
greatly influenced by leaf ares exposed to light, It has
direct relationship with productivity, Periodic
observations on leaf area as affected by dust mpplications
were recorded and are presented in Table 2,

Data presented in Table 2 revesled that during
the year 1987.88, cement dust spplication showed
signi ficant reduction in leaf area/plant over soil dust
at 40 DAS, At 25, 55, 70, 85 and 100 DAS, effects of soil
dust and cement dusts were at par, During 198889, cement
and kiln dust showed signi ficent reduction in leaf area
over soll dust at 45 Di3, At remsining stages, effects of
all dusts applications were at par,

The effects of levels of dusts applications on leaf
area/plant were significmnt during both the seasons at all
stages except at «mn nn during 1987-88, “exrimumn leaf
area(23%,85 and 23.55,) wes noted in control plants during
both the seasons., The leaf area/plant was signi ficantly
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Table 2, F=ffect of dust pollution on leaf area/plant (diz).

Trestments ————DLAYa after sowing (1987-88) Davs after sowdns (1908.89)
25 4o 55 70 85 100 30 45 60 75 90

soil dust 3422 8,06 12,33 20,15 27.08 23 th 6,40 10421 18.25 25,99 22,85
Cement dust 3,03 7.7 12,03 19.88 26,81 22,88 6,16 9487 18,10 25,02 22,64

Kiln dust - - - - - - 6.13 ER 18,08 25,00 22,40
1P gest NS dAgs NS N3 NS NS NS Age NS NS NS
SE( 0e10 0,10 0. 12 0627 De15 0,46 0.18 0¢ 10 0e12 0.38 0,24
Ce D (5%) - 0.3 - - - - - 029 - - -
1] 3.65 8,68 12,89 20,83 27,77 23,85 7,08 10.91 19,20 26,13 23,55
1 343 8,29 12,57 20,43 27.% 23,42 6426 10.15 18,17 25,3 22,86
3 2,99 7.75 11,89 19,73 26,67 22,72 5.97 9.67 1785 25,77 22,3%
5 2,62 6,96 11,38 19,06 26,00 2,08 558 2,04 17.%5 24,07 21,76
'Fitest dze Mz, Wz, g, As. NS da, g, Ane Mz, dg.
37(m), 0e15 Outh 0417 0.38 021 0,65 0,10 0,12 0,14 0,44 0432
Ca De (5%) 04hk 0442 0.53 1.16 0,42 - 0630 0,33 0,41 1.26 091
Ca Vo 11,38  4,% 3.50 bo66 1.91 0,79 5.71 4,04 2,70 5.98 1.84
Test for
Interaction
'P' test NS NS N3 N3 NS NS N3 NS N3 N3 NS
gB(- ) 0421 04,20 0,25 0,54 0430 0491 0.18 0420 0425 0,76 0447
Ce Do (5% - - - - - - - - - - -
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dor™
reduced ot 3 ¢/’ (22,72 and 22,3%) and 5 ¢/u’(22,06 and
21.16‘? levels of dusts qpﬂuﬁm- respectively over
contrel, 1 g/u’ m.ns) recorded signi ficantly lover leaf
srea/plant during 198889 st 45 "A% over control, At rest
of the stages, mean leaf area was not signi ficant,
In general, leaf area/plant graduslly decreased as the
doses of dust applications incressed, Minimum leaf area/
plant was observed at 5.0 g/n® dose,

The interaction effects were not signi ficant,

Le3 Effect of Tust P m«n on
Leaf Airea Index (LAI)

Data presented in Tablee3 showed nonesigni ficent
J.;.ﬁq_vgv\ ces omong
kmu on LAL gt all the steges of growth during
both the seasons, LAL gradually increassed upto 85 DAS snd
75 DAS snd declined gt later stages during 199788 and

1988.89, respectively,

The levels of dust applicotions showed signi ficent
reduction in LAT over control during both the seasons,
The mean LAT in 1 g/m’ treatment was at par with eomtrel,
Towever, 3 g and 5 g/n° dust spplicetions showed sizndficent
reduction in LAl over control, upto 70 NDAS where as LAI at
A5 and 100 DAS were at par in all treatwents during 1987.88,
9igni fi cant reduction in LAI was observed in § l/l’ dust
spplication over 3 g/u®, ‘uring 198889, leaf area index
amongst the treastments at 30 DAS was at par, Iowever, it
differed siznificently at remsining stages of observations.
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Table 3, Ificet of dust pollution on leaf area index (LAL)

Treatmonts mxj .ﬁn‘_m .(.ﬂﬁ.lrﬁ.ﬂl____. ,___Aln_.az.}_n_a' g QAQ&_(ﬁEkm_T

seil dust 0.519 1.29 1,97 7,22 k.33 3.70 1.02 1.6L 2.93 5,06 3,66
Cement dust 0,48 1,27 1,92 3,98 6,29 3,66 Ne97 1.5€ 2,89 3,99 3,62
¥1ln dust - - - - - - 0495 1.5 2.82 %97 3.98
1P teat NS q3 N3 N3 N N N NS h NS N3
33(-% 0.02 0,03 0.0k " o0k 0406 007 0404 N0k Ne0k De0h o.oﬁ
5 . s . : M o . s b a
4] .58 1442 2,07 T. 3% babit 3.82 1.02 1489 3.0% ko15 377
1 034 1,35 2,01 Je 26 h,37 3.75 1.01 1.62 2,92 Le0S5 3.66
3 N8 1426 1,90 3015 4,26 364 0.96 1.55 2,36 3,97 3.57
5 039 111 1,22 3,05 by15 3.5% 0.89 1445 2,78 3485 3.42
'PY test 1z, ige 43 S NS N K3 iz, 13, Az A4
‘1"(!) Ne02 Ne04 0.0& 0406 0,08 De1N 0eD% N Ok 05 Ou D4
be(5%) 0007 0e11 0.18  0a19 = ‘ < 0e12 013 0u13  0u13
c.v.n 10,6k 6,95 7.41 Lo67 L85 6487 16,93 41 Seli1 3.67 he19
Test ror
Interaction
"FY test NG N N5 N No N, N WS b 4 N3 NS
sx(nk o.o! 2405  Oe0h 0e09 Ce12 Oe15 %408 0407 0408 007 0,08
Co De (B%) - - - - - - - - = -
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The levels of dust applicaticns showed similer trend in
88«89 like that 1987.88, Data thus, revealed that mean
LAI gradually decreased with increased doses of dust
applications,

The interaction effects were nonesigni ficent
during both seasons.

bk Effect of Dust Pollution on
Number of Tillers/m Row Length

Production of tillers in cereals is & unique
character which incresses the LAl and eer number, Tar
number and LAI have direet effects onm grain yleld,
Therefore, observations on nusber of tillers/m row lemgth
were recorded, Data are presented in Table &,

Inspection of tadle &(A) revealed nonesigni ficent
effects of dusts on tiller production at sll stages during
1987-88, "uring the year, 1988.89, at 30 and 45 DAS,meen
tiller number/m row lensth was et per in cement and soll
dust spplicetions, However, significent differences in
tiller production were recorded at 60, 75 and 90 DAS,

At 60 deys (1982.89) kiln dust showed signi ficantly lower
tiller number than scil dust, Mean tiller number in soil
end cement dusts were at pare At 75 and 90 DAS cement and
kiln dust epplications had signi ficantly lower tiller
number than sail dust spplication, Mean tiller numsber in
cement and kiln dust applications were at pare
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Table 4(A). =ffect of dust pollution on number of tillers/a row length,

- Daya after sowlna(1987=03) ‘
Treatment  Io 85 70 85 100 » 45 60 7 %

041 dust 30,00 42,08 ALh,hq 43,96 43,08 33.81 .56 40,06 44,56 41,00
Cement dust 37,66 44,99 43,419 42,50 42,33 33,06 37.50 .06 39.81 39,06

¥iln dust - - - - - 33.93 .87 38,56 .25 39,25
1P test NS NS NS NS NS NS NS g g, g,
3%(m 0498 0485 0480 0,78 0486 0,41 047 040 0.3 o0,
Ce Ne (B%) - - - - - - - 1.9 0496 1.05%
0 LL,00 48,50 LS,83 49,33 49,16 39,08 42,50 44,83 h6,67 45,75
1 b0,66 L4, 00 KW6E,16 4k,B3 4t 66 3hokq 39,41 40,50 h1,25 41,00
) | 35.16 39,66 42,33 b1,16 44,00 31.91 36,00 37.50 37.83 37.66
5 33,50 35,83 37,33 36,00 36,00 29,00 32,66 34,08 35.08 34,66
TP test s o sige 5L dg o sig s dg g
G TR Th O YR B OR %R % W %
.D .1 . . - -
CoVeX BM 7oh dze a3 2y e 301 ey nM L@
Test for
Interaction
P test NS 3 NS N3 NS NS NS NS g, NS
SE(m), 1.96 1.71 1.60 1455 1.72 0,82 094 0497 0467 0.73
Ce Do (B%) . 4 o 2 : ks - .93 =




oo b2 o4

The levels of dust applications showed significant
effects on tiller production during both the seasons,

In genersl, control (no dust spplication) produced
signi 01 cantly wore tillers/m row length then rest of the
levels of dust spplication, It was also observed that

the increase in levels of dust spplications decreased
tiller number/m row lensth, Minimum number of tillers were
recorded at 5.0 g/u’ dust mpplicstion, Nest of the lewels
showed intermediste tiller number, Tiller number
gradually inecreased upto 85 and 75 NAS during 198788,
198889, respectively, and was decressed at latter stages
of growth,

Interaction effects were not significant at all the
stages during 1987-88 end at 30, 45, 60 and 90 DAS during
1988.89, respectively, Significant interaction effects were
observed at 75 DAS dwring 1988«89 which are shown in
Table 4(B).

Table 4(B), Effect of dust pollution on nusber of tillers/am
row length

Trestments
4] 1 Mean
Soil dust 47,25 h3,50 38,75 BT 44,56
Cement dust 47425 40,50 38.n0 33.50 39.81
Kiln dust 45,50 P79 .75 35,00 99.2%
Hegn_ 1 D 222 C8egel [ afeds of.3ol fudel L Lo
T c ™C
P test b | dg. ot
a=(m) s o.éé 003 0.87
Ce N (5%) 1.1 1.92

CaVeX 3.33
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S0il, cement and kiln dust application showed
signi ficant reduction in tiller number over control, The
tiller number graduslly deereased with increased level of
application in all the dusts, The minimum and signi f1cant)
lower tillers/m row lemath were recorded at 5,0 g/u’ dust
applicotions in all the dusts used, The significant
refuction in tiller number was observed with every increase
in level of application in all the dusts, Amongst the
dusts st 1,0 §/5° and 3.0 /e’ levels, minimus and
significantly lower tiller number were observed in kiln
dust application, Cement dust spplication slso showed
lower tiller number/m row length than soil dust, it 3,0
g/n° level, cement and soil dust application showed
nonesignd ficant differences, In general, amongst the
dusts, cement and iiln dusts were more detrimental than
soll dust,

b5 Effect of "ust Pollutiop on
ry Matter rroduction/

Data presented in Table 5(A) showed nonesizni ficsnt
effects of dusts on dry matter production/n’ st 4o, 8% DaS
(1927-88) and 45 NA= (1972.79), Towever, cement dust
aoplicstion significantly reduced dry matter production/w’
over seil dust epplication at 2%, 55, 70 and 100 DAS during
198788, and at 30, 60, 75, 90 DAS during 1989,respectively
ry matter/m? in cement and kiln dust spplicstions were
et par at 60, 75 snd 90 DA3, while kiln dust and scil dust
applications were st par at 30 DAS (1988.89).



Table 5(A).
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Effect of dugt pollution on dry matter g/n’

Treatments Wﬁ% _r"m',nWT
Seil dust 76,80 320,08 588,08 933,64 1039,60 1123,40 229,48 433,24 855,72 1026,00 1087.24
Cement dust 71,08 342,04 572,80 906,76 1021,60 1092,80 215,00 420,96 838,72 988,00 1052.72
Kiln dust - - - - - - 224,52 426,00 827,48 974,24 1052,48
‘Pliest dge NS 'y & ¥ NS g, g N3 Age 31ge g
Ran 1500 2,78 kel 286 5.96 k91 2sh9 365 5. Bibo  Eiqq
CoNe (5%) 3.02 - 1,15 8,66 - 1,89 7.18 - % . 020  17.59
o 86,00 348,00 627,84 982,40 1107,72 1194.92 257,84 483,88 952,32 1109.64 1181.32
1 84,84 332,72 609.00 952,86k  1070,4h 1452,04 230,84 452,80 883,00 1037,32 108,32
3 68,92 306,24 566,60 900,84 1003,92 1080,52 242,60 398,08 790,32 948,32 1009.00
S 56,04 277,32 518,32 844,92 O4h0¢32 1003,00 190,72 372,16 737,00 889,00 958,00
'Fiiest S £ U] ' Y 1 Ag é Mg o4g g Ag g
3%(m ks e e ko Bas B i hl3 5.:)2 S0 “5i08
CeDe(B%) h.27 11.94 20,02 12,25 25,57 21,06 8.3 12.13 17. 2794 20,32
CoeVe % 1 12,20 11.13 4430 8400 6.t 17.90 13.67 9.81 13.50 9.19
Test for
Interaction
'F' test NS N3 N3 NS NS N3 Ns ige N3 NS NS
gx(-)d,o 0,50 139 2.33 1443 2,98 2,45 125 1.82 2.58 L,20 3,06
e De - - - - - ~
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The effects o? graded concentrations of dust
applications on dry matter/s’ were signiffosnt during both
the seasons, The dry matter/m’ wes signlficently reduced
at 3 8/0° and 5 g/u? levels of dust applications over
control. 1 8/8° level also hed significantly lower dry
netter/s’ at 40, 70, 85, 100 DAS then control during
1957«88, whereas all levels of dust applications showed
signi fi cent reduction in dry metter/s? over control during
1988-89, Heximum dry motter/s® (1194.92 end 118,12 g)
was observed in control (no dust application)., The dry
ntto:-/l2 gradually deereased as the doses of dust
applications were increased, Mnimm dry Intorll' was
observed st 5.0 g/u° dust sppliecstion, Rest of the
treatments had intermedi ate dry matter,

Tnteraction effects were sisnificant only at 45 nAs,
The data sre shown in Table 5(3),

Table 5(B), “ffect of t veuutten o dry matter
production z/um2 45 DAS

Trestments 1988-89 Hean
0 1 3 5

S04l dust Leh,28 468,28 403,92 375,66 433,24

Cement dust 483,44 455,80 385,48 359,08 420,96

Kiln dust 482,92 434,32 404,84 381,08 426,00

Rl 11112 ABoDeR MBeed T e kT D1
T c TxC

F test N3 s

R 3.65 I 3] 75

c.n..f 54 - 12,13 21,00

CaVo 13.67
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It 15 observed that mean dry satter production/w’
at control and 140 a/e’(s0il) were at par. However,
nigher levels of application (3.0 and 5,0 g/wf)
signi ficantly reduced dry matter/s? over control and 1.0
¢/ef level., In cement @nd kiln dusts, the dry matter/s’
was signi ficantly decreased by every increased level of
dust applieation, Maximum dry mstter was observed in
control snd minimm st 5,0 g/s° level, /monzst dust kilm
dust sppliestion st 1,0 |ln’ level showed signi ficently
lover dry matter than soil and cement dust spplications,
The soil dust, and cement dusts were at per at all the
levels, hle soil dust, cement dust and kiln dust were
at par at 3,0 gli' level, It 5,0 |I-2 level, cement dust
application was at par with soil dust application end
recorded signi ficantly lower dry ntttr/lz then kiln dust
epplication,

L6 Effect of unt Pellution on
Crop Growth

Data presented in Table 6 indicated that crop
growth rate of wheat under scil snd cement dust pollutien
(1987«83) showed e gradual increase upto 55«70 DAS periods
CGR sherply declined at 70«85 Dis, This decrease continued
upto 85400 DAS, The effeets of soil end cement dust
applications on (OR were not signi ficant in 1987.88,
"uring the year 195839, soil, cement snd kiln dust spplie.
etions 44d not dirfer sizni Mcantly at 3045 and 4560 DAZ,
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Teble 26, TFffeet of dust pollution on erep growth rate (COR )

l/mz/day
Treituents Days after sowing (1987) NDays after soving (1988.89)
25-50 40=55 5570 7085 854400 3045 4560 6075 75-90
S04l dust 16.20 17.37 23,04 7.06 5.59 13.58 27.75 10.71 4,75
Cement dust 16,06 17.38 22,26 7.66 4,75 13,50 27.86 9.95 L.32
Kiln dust - - - - - 1343 26,77 9.78 5.22
'FY test NS NS NS NS N3 NS NS dge g
SB( 0.19 0427 0e30 0437 035 0422 Oe3h o.gz 0419
,.'). %) - - - - - - O 0455
0 a/ef TMAT 18,66  23.6h 8.36 5481 15,08 30,68 10,49 4.78
1 16.53 18,41 22,91 785 5ohk 94 48 28,68 10.32 473
- I 1583  17.36 22,28 687 511 12.37 26415 N 4.95
S » %71 16,07 21.77 6,36 he31 12,09 24,32 10.13 460
'F& tnt Y g o N3 NS g NS N3
é;:': (iﬂ) O'Q 2oi .‘, 0.52 0450 g-:g o;i.t,é 0.3 0426
D, - - - -
Ve e kY & 17421 13.69 6.3 5.01 10469 16,18
TOI' M
Interaction
P test NS NS N3 NS NS NS N3 Ns
grz)i;)& 0.37 0454 0461 073 0471 043 0469 0484 0.7
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however, siznl ficont di fferences were noted at 60«75 NAS
and 75«90 "A3, “uring 60«75 NAS, kiln dust hed

signi ficantly lower 737 than control, Mean 77 of cement
and kiln dust end soil snd cement dust were at par,

At 75«90 Nt3 cement dust recorded sizni flcontly lower COR
then kiln dust, The 07 under kiln and soil dust
applications as well as under soll end cement dust

applications were at par,

The effects of levels of dust applications were
significant at 25-40, 40«55 and 55«70 D27 during 198788
and at 3045 and 45-60 during the year 198829, At rest of
the growth stages, effects of levels of applications were
not signi ficant, ‘uring the year 1988-89, the (GR showed
gradual increase with age upto 5570 DA3 and upto 45«60
DAS during 1988«89, respectively, CGR gradually declined
during latter steges of growth, At 25e40 DA3 ctoge
(1987-88), OR under 1g, 3 and 5.0 g/m? levels of dust
appli cations showed signi ficsnt reduction over control,

M7 under 1,08 md 3,0 g/n’ levels were at par and were
signi ficantly Mgher then 5,0 g/-’ dust applications,

1t 40<55 713 stage dust spplicetions at 3.0 g snd 5.0 g/w’
levels showed signi fleantly lower COR than control, The dus
epplication at the rate of 5.0 ;/lz showed signi ficently
lowest 007 value, COR at control end 1.0 g/m’ dust
applicetions as well as 1,0 g and 3.0 g/u? dust applicetion
were at par, At 55-70 725 stage, "OR under control and
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140 ;/l2 dust application treatments were st par, ‘ust
spplications at 3,0 and 5.0 g/n’ levels had signi ficantly
lower COR values then control, CTR un-'er 1.0 g, 3.0 g

and 5,0 |/l2 levels were ot par,

uring the year 197°R%.89, st 3045, 60«75 and 7590
NAS stages, effects of graded levels of Aust applieations
on CGR were not signi “icant, The COR values recorded
sizni ficant i1 fferences at 45-60 NAS stage, At this stege
3 values of control plants (30,68 g/u’) was aignificantl
higher than all levels of applications (1.0 g, 3.0 § and
5,0 g/n?)s The mean C'7 values of 1,0 Bs 3.0 8 and 5,0 g/
levels also differed signi ficantly amon:st each other,
The minimum COR was observed in 5 g/’ (24,32 g/u?) dust
application treatzent and maximum in control (30,68 g/d’).
flest of the treatments had intermediete CUR,

ko7 tffeet of Husts Pollution on
7elative Crowth Rate (RGR )

NDate presented in Table 7 revealed that relative
arowth rate gradually declined from 2540 to 85e100 NAS an¢
el to 75«00 N1 durine yesr 1977<88 and 1988.89,
respectively, “ffects of dusts on relastive growth rate
showed significant df fference at 25-40 NA3(19R7+88) and
30=45, 4560 and 75«90 DA% during 1988.89, ‘t rest of the
stages, soil dust and cement aprlications showed none
signi ficant differences, ‘uring the year 1987-88 cement
dust, showed significantly higher 0R (0,0997 g/u?/day)
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Table 7, =ffeet of dust pollution on relative growth rate (R0R) (g/m’/day).

Trestments BTSSR o T A AR (1900

301l dust 0.0953 0.,0407 0.0309 040072 040052 0,0423 0,0455 0,0115 040045
Cement dust 04,0997 040406 04,0307 040079 0,0045 0.,0449 00,0461 040111 0,0043
Kiln dust - - - - - 040428  0.0bk41q 040109 0.,0052
'r' test Age N3 NS Ns N3 dge Age NS Age
32 m) 040010 040004  0,0004 040003 0,0001 0,0003 04,0003 040003 04,0002
c.m(f#) 0400%0 - - - - 06,0009 040009 - 040008
0 g/n? 040933 0,039k  0,0299  0.0080 0.0051 0,0420 0,051 0.0  0.0044
1 " 0.,0930 0,0k03 0,0298 040078 0,0049 0,0450 0,0L46 040107 040044
3 » 00995 00,0491 ",0%09 040072 0,0049 04420 040457 040112 04,0054
5 » 06,1063 0,0k97 0,0326 N0071 0004k 00847 0,0456 040124 0.00%0
'F' test a.os. NS g, NS N3 Mge N3 ig. Mze.
s',(nz 040044 oooo'l 0,0006 0,000k 0,000% 0,0005 0,000k o.osoh 0.
Ce Dy fx) 04004k 040019 - pd 04,0002 - 00001 0

Co Vo ¥ 371 .to 5.23 W54 11,77 3.79 3,35 14,16 13,58
Test for

Interaction

P gest NS N3 NS NS NS NS NS NS NS
3,'1‘». " 040029 040010 0,0009 04,0006 0,0005 0,0008 0,0007  0,0008 0.,0003
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than soll dust application at 25940 NAS, ‘uring 1988.89,
At 30-45 N3 cement dust application (0,04L9 g/u/day)
showed signi ficantly higher RG7 than soil and kiln dust
applications, The 0GR values of soil and kiln dust
applications were at par. At 45«50 DAZ stage, 70R values
of cement and soll dusts applications were at par, The T0R
values of cement end soll dust spplicetions were
sicnificantly Mgher than kiln dust gpplication, it 75«90
DAS stage, maximum ROR was recorded by kiln dust application
and was algni flcantly higher then scil snd cement dusts
applications, ’inimum ROR was observed in cement dust
epplication wiich was signi ficantly lower than soil dust
epplication,

The effegts of greded levels of dusts applications
on "CR were significant at 25.40 end 5570 NA" during
198788, and at =45, (075 and 75-90 NI stages during
1909.89,respectively, At rest of the stages, effects of
levels of dusts anplications were not significant, At 25«40
NAS stage (1987-88), maximum 2GR was observed at 5,0 l/l’
dust spplicstions which was significantly higher than rest
of the levels (control, 1.0 g and 3,0 l/lz). Mind mum RGR
wes observed in 1.0 g/m’ dust spplication, The ROR velues
amongst the levels of applications varied signi ficantly.
Similar trend was observed at 55«70 DAS stage, Turing the
yesr 198889, at 30«45 0.5 stage maximum CR was observed

P i o
in 1.0 g/n? dust application end um-ﬂgj&uﬂ;
7aale ]

'I AYd FanyY \\L’)/‘\

{ é( A ) ));

N 2 )
A\ S >
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applicotion (0,020 g/n’/day) trestment, The 7GR value
amonsst the levels differed sizni flcently, it 60«75 DAS
stage, minimum AGR was observed in control (0,0104 ‘,.2,‘")
and smaximuz in 5,0 g/u® dust epplicetions, The RGR
gradually increased wdth increased levels of dust
applicstions, Fllean di fferences smongst the levels were
signi ficent,

The interaction effects were not sizni ficent,

ho8 “ffect of ™agts "ollution on Met
Assimilation 7ate (NAR)

Vet assimilation rate is a measure of apparent
nhotosynthesis, The growth and yleld of plants are
dependent on photosynthate sssimilated, Tt also measures
the capacity of the leaves to produce and essimilate dry
matter, The net assimilation rates were calculated
periodically and are presented in Table 2,

The inspection of Tsble 8 indicated maximum NAR
during early phase of growth (1,960 g/dn’/day in soll dust
at 25«40 DA3) whdch gradually declined with advancement
in ege sttalning sinimum values at 85=100 0A3(0s121
8/du’/day). dmlar trend was followed by cement dust
under all levels of dusts application, during the year
198708, Nuring 195589, meximum NAR values were recorded
at 4560 NAS stage, NAT velues were lower during earlier
(3«45 NA3) gnd latter phases, The effects of dusts
(801l snd cement) on VA" were significent at 25«40, 7085
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Table 8, nffect of dust pollution on net assimllation rate (NAL) mg/plant/day.

Treatsents - 0:5 ;:.,‘g 00 ﬁ—ﬁ—’%—ﬁ—n‘ sod

70il dust 1:960 1,10 04513 0,186 0,121 1,070 1.270 04325 0,093
Cement dust 2,260 1,170 0,896 0,202 0,097 1.1% 1.3 0,206 04099
74ln dust - - - - - 19100 1.220 0,283 04010
P tent g NS N3 ge g N3 "15. da. NS
38(m! 0,079 000 04024 04004 04005 04053 04028 0,041 0,003
CoDe(5%) 0,241 - 0,011 0,015 - 0.080 04032 -
0 g/ 2,310 1,270 0.939 04210 04120 1,260 1,360 04328 0.107
1 2,050 1.1% 0490k 04204 0,114 14170 1.320 0,300 04100
3 " 2,040 1,110 0,890 0,186 0,108 1,020 1.230 0,788 0,095
L L 1,990  1.080 0.884 0,178 04093 0,950 14190 04276 04,087
1T test L E] NS NS Age NS sig g, Mge ige
'in(lii 0.112 04053 0e03h 04005 04007 04084 04032 04013 0,00k
%) - 13 040 - 04 04092 o.gzl 04011
13-05" 11.300 9,086 64 16,093 19,2 8,651 15.045 13.603
Tut for
Interaction
1Pt gest NS N3 N3 N N3 NS NS Ns NS

8B( l)(i‘) 001’9 04053 0s0h7 04007 04010 06107 0e055 0e022 04007
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end 85-100 NAT during 1987-80 and at 45-60, 6075 DAS
stage during 198°.89, respectively, /it remsining stages
of growth, NiR values were rnot significant, Amongst dusts,
cement dust recorded signi ficantly higher NAR at 25.40,
70=85 DAS (1987-88) and at 45«60 DAS stage (1988-89),

At B5=100 DA3I(1987=88) and 60«75 (1988+89) DA3 stage,soil
dust recorded siznd ficantly higher NAR values over rest of
the dusts.

The effects of graded levels of dusts spplicstions
were signi ficent only =t 70«85 D45 stage during 198728,
The effects were siani ficent at 21) the stages during
198089, "urinz the year 1927.88 (7085 DAS stage),
mawimim ¥A7 vas recorded in control (0,210 g/dw’/day).
NAR values graduslly snd significantly decreased with
every incresse in level of dust application, Minimum NAR
(0,178 g/dn’/day) was noted in 5.0 g/m® dust applications.
dmler trend was observed during the year 1998.89,

Interaction effects were not signi flcant during
both the seassons,

be9 nffect of ‘ust ~elluti
Chlerophyll Content(60 'us)

Date presented in Table 9 revealed that chlorophyll
content of wheat,was significantly decreased by cement dust
application over soll dust during 198728, uring the
yesr 198889, the kiln dust exhibi ted signd ficantly lower
chlorophyll content then cement and soil dusts, The mesn
chlorophyll contents of cement end soil dusts were at par.
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Tedble S. =ffect of dust nollution on totsl ehlerophyll content (m/p firosh weiaght )

Concentration 1997-38 1988-39
Trestzents o 1 3 5 Mean ) 1 3 5 rean
5011 dust 3.13 2,83 2.54 2,29 2,70 3,12 2,77 2.49 2.35 2.69
Cement dust 2,98 2,60 2,37 2,07 2.51 3.12 2,72 2.53 2.33 2.68
Kiln dust - - - - - 3.07 2.5 2.42 2.3 2,58
Mean 3.06 2.72 2,46 2,13 3.10 2.58 2,48 234

T c ™C 4 c ™=C
tPr gest 8. Age Ng Ag. dge ige
SE(m) g 0405 0,08 .11 0402 0.03 0405
CeDe(55) 0416 Ce23 - 0407 0.08 Outh

Co Vol Te16 3.69
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The effects of levels of dusts aprliecations on
chlerophyll content were significant during both the
seasons, The chlorophyll contents were signi ficently
reduced at all levels of dust eoplications over control,
Maximum chlorophyll content (3,06 ma snd 3,10 m2) was
observed in eontrol (no dust spnliestion), Chlorophyll
content gradually decressed as the doses of dust
applications were increased, !Minimum chlorophyll content
(2.51 and 2,58) was observed at 5.0 g/u? dust application,

The interaction effects were nonesignificant in
the first season, In the second season, interaction
effects were significant, Soil, cement and kiln dusts
applications recorded siinificant reduction in chleorophyll
contents over control, In soll and cement dust application
trestments, signl ficent reduction in chlorephyll content
was observed with every increesed level of dust spplication,
while in kiln dust application, 1 ;/i2 dust spplicetion had
signi fleently lower chlorophyll content then control,
3 g/2° and 5.0 g/n° kiln dusts slso showed signiflcsntly
lower ehlorephyll contents than 1,0 |/l’ dust, Chlorophyll
econtents st 3,0 end 5,0 g/-z kiln dust aspplications were at
pare At 1,0 g/-’ dust aprlieation level, kiln dust had
signi fieontly lover chlorophyll than soll snd cement dust,
“hlorophyll contents of cement and soll dusts were at par.
it 3.0 and 5,0 g/n° dust spplication levels, chlorephyll
contents amonzst dusts were at par,
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L,10 uffect of "ust "ollution on
R"ate of Transpiration

Nata presented in Table 10 revealed that rate of
tronspiration of wheat erop was sizni ficantly reduced by
dust applications during 198889, /imongst dusts, cement
and kiln dust had significantly lover rate of transpiratioc
than soll dust, "uring the year 198788, the effects of
different types of dusts on rate of transpiration were
nonesignd £ cant,

The effects of graded concentrations of dust
applications on rate of transpiration were significant
during both the secesons, The rate of transpiration was
signi ficently reduced at all levels of dusts applications
over control, Mgximum rate of trenspirastion (4,52 and
4,60 g/dn’/n ) was observed in contrel (Yo dust
applicstions), "ate of transpiretion decressed as the dos
of dust epplicetions were increased, Yinimm rate of
transpiration was observed at 5,0 g/-’ dust spplication,

The interaction effects were nonesignificant
during 198728, however, were siznificant during 1938.89,
These results indlicated that irrespective of source of
dusts, higher depositions on plants reduced rate of
transpiration,
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Teble 10, Iffect of cust pollution on rate of tranmtﬂ&o’.(;/d!/bm‘ )

(1987-83) (1988=89)
E.!-ng o 1 3 5 Mesn 0 1 3 5 Yesn
01l dust 4e53 3 32 2,98 2.80 S.b1q 5,50 3.99 3.63 3,51 3493
Cement dust 4,50 3.21 2.81 2.61 3.78 4,64 274 .20 2,98 3,64
Kiln dust - - - - - 459 3.79 3.23 3.03 3466
Fesn L,S2 3,27 2470 2.71 4,60 3.8k .5 3.17

? ¢ T2C ¢ o4 e

P test 3 d3e L3 dige ¥ ig.
SE(m) g 0404 0408 0409 G0k C.05 0,07
Ca Do (5%) - Oe 19 - 0e10 0.t ©.20

Co Ve 4456 3«78
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be11 “ffeet of ust Pellution
on Siomass of Wheat

Data presented in Tsble 11 showed nonesigni ficant
effects of types of dusts on biomass production in
1987-88, However, during 1988-89, types of dusts recorded
signi fleant effects, Soil dust application recorded
significantly higher biomass of wheat followed by cement
and kiln dust in order, !inimun biomass (606.94 glehas
observed in kiln dust application,

The doses of dust applications showed siecni f{csnt
41 fferences in respeet of biomass production during both
the semsons, Mexdmim biomass (505,16 and 683,25 g)ahas
ohserved in control (no dust soolication), " omass/s”
Eradually 4ecreased as the rates of dust applicatioms
were inereased, Minimum bYiomass (488,33 and 537,75 ligvﬁ
observed at 5,0 g dust applications. Rest of the treatments
recorded intermediate blomass between contrel and 5.0 g/md
dust spplications,

Interaction effocts were signi ficent during both
the seasons, Coill dust applicstion recorded signi ficsnt
reduction in biomass with every increased level of dust
application, hile in case of cement dust, signi ficent
reduction in biomass was observed at 3 4 end 5 g dust/w®
spplications, ¥ilm dust epplication also showed signd ffcant
reduction st 5.0 g/6f dust spplicstion, The biomass
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Table 11. 7ffect of dust pollution on biomsss (g/u?)

Congentration ) 1 “927.88) 5 MNean [+] 1 592%-39} 5 Hean
Treatoents

Soll dust 593,33 570.00 530400 510400 550483 (87,50 662.2k 645,00 572.50 641,81
Cement ‘ust 597.00 583433 536,68 LE6.66 545,91 685,50 632,70 596.25 525.00 609,68
FEln dust - - - - - 676,75 (22,00 £1%,25 515.75 606,94
H:-. 595.16 575,66 533,33 48R, 33 683,25 5B, 7h 618,16 537.75
Tttt 1-- -C-.Px; T c T™™C o
TP gest K3 A 3e g ig. isg. 18

SE(m) 2 %455 5,02 7.10 184 2,13 3.68

CoDe(5%) - 15.22  21.53 5430 5412 10,60

Co Vo 2420 1e20
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productions st 1.0 ¢ and 3,0 g/# kiln dust spplicstions

were at par,

uring the year 1987.88, the mean blomass of wheast
was not affected by typos of dusts (soll end cement) at 0,
1.0 ond 3,0 g concentretions, Jowever, at 5.0 a/n’ dose,
cement dust showed significsntly lower biomass production
than soil dust,

In 1989279, soil dust at 1.0, k3.0 and 5.0 g/n°
dust applications recorded signi fleantly higher biomass
than cement snd kiln dusts, The cement and kiln dust
é1ffered sianificantly at 3.0 g/n° dose while mesn biomass
at 1,0 g and 5,0 g/n’ Adoses were at pare

be2 Effect of ‘ust .roxﬂu-
on Number of &

Data presented in Table 12 revealed that number of
oars/lz of wheat erop were significantly reduced by dust
spplicetions in both the seasons, Amongst dusts, cement
dust had significantly lower number of ou'-/-’ then soil
dust in the first season, "uring the year,198889, soil,
cerent and idln dusts Al ffered sient flcantly, Maximun
number of ---/f (302,23%) were recorded in soil dust
anplication wiile mnimm (286,00)ears/n’ were recorded im
kiln “ust soplicstion, “ement dust applicetion had
intermediate ears/m’.
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Table 42, Effect of dust pollution on number of ocs/lz

W (1987-88) ( 1988-89)
men 0 1 3 5 Hean 0 1 3 5 Mean
01l dust 215466 203,33 194433 178,33 197.91 320,25 308,41 295,00 285,25 302,23
Cement dust 216,00 193,33 187,00 166,00 158,08 326,25 302,50 267,00 258,25 292,50
Kiln dust - - - - - 322,36 299.75 268,00 257,50 286,90
Mean 215483 198,33 197.66 172,16 322,29 303455 276,67 261.00

T c TxC T € ™C
‘P test ige. dge N3 g Age ge
se(m) g 1.57 2,22 3014 1.67 1.93 3.7
CoDe (5%) §,75 673 - b.ne 5.56 9,63

Co Ve 2,82 2.30
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The effects of araded levels of dust snplientions
on number of ears/s’ were sianificsnt durine both the
seasons, Number of ur--/-2 were signi ficantly decressed
at gll levels of dust aoplications over control,
Veximum number of ears/m’ (215,83 and 322,29) were
observed in contrel (no dust application), Number of
onro/nz were significantly decreased as the doses of dust
applicetions were increased., !inimum number of tn‘t/i'
(172,16 and 261,00) vere observed at 5.0 g/u cust
application, Rest of applications showed intermediate

ear number,

The interaction effects were nonesignificant in
the first season, In the second season, intersstion
effects were significent, ; P

it 140 g/u? dust aoplicatien 1&*1. memr _mber of
ears/m? in all dusts were at peare M’Oﬁ. at 3,0 and 5,0
g/-z trestments, cement and kiln dust f\..: significantly
lower ear number than sofl dust spplichtion, Mean number
of ears/u’ were at par at 3.0 and 5,0 |/'\ cement and kiln

~
dust anplications,

Neduction in ear nulb'r/d' was du;rvd with
increased rates of dust applications by soil, cement and
kiln dusts, 411 dust applications siinificantly and
gradually decreased ear number with every increase in the
level of dust application, Maximum ear number was observed
in control and minimum in 5.0 ‘/-2 dust application,
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heo13 “ffect of Dust Pollution on
Number of “pikelets/ arhead

Data presented in Tasble 13 revealed that number
of spikelets/earhead of wheat crop were signi ficantly
reduced by dust applicsations in both the seasons, Amongst
dusts, cement dust showed signi ficantly lower number of
splkelets/earhead than soll dust in both the seasons.
1n 1988-89, Kiln dust had significently
lover spikelets/ear then soll dust of dust levels of 385 g[m

The effects of graded levels of dust acplications
on number of snikelets/esrhesd were signi ficant during
both the seasons, 'umber of spikelets/earhead were
signi ficantly decreased at all levels cf dusts applicetions
over eontrol, Maximum number of spikelets/earhead
(18,70 and 15,84) were observed in control (no dust
application)., Number of spikelet/earhead signi ficently and
gradually decreased es the levels of dust applicstions were
increased, Minimum number of splkelet/earhead were
observed at 5,0 (/lz dust application (17.13 and 13.61).

The interaction effects were not significant in
the first sesson, In the second season, intersction effect:
were signi ficsnt, /it all concentrations (1.0, 3.0 and 5.0
‘/lz) s 804l dust applicstions recorded greater number of
spikelets/earhead than cement and kiln dust spplications,
it 1.0 g/m° level, cement dust spplication had signi ffdantl
lower spikelets than kiln dust, Mean spikelet number/ear &
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Tedble 13. 7"ffect of dust pollution on nusbher of spikelet/earhead

(1987-85) (1
Saveatration g G 7 3 5 vem 0 “puan. s ma
L
Seil dust 18,62 18,26 1773 1733 17.%8 15.7°2 15.07 1h b1 13.98 14,82
Cement dust 18,78 17.81 1733 16,93  17.71 15.82 1h.b3  h.24 1364 1448
¥iln dust - - - - - 15.87 1%,82  qh,22 13.42 1%,.58
Mean 18,70 18,04 1753 17.13 15.54 %77 4429 13.61
T c ™C T c ™C

'F' test 8. Ag. NS dg. Age dge

3E(m) ¢ 04,09 0,92 0.17 0,02 0,02 0404

&!\(5'0 0.26 oo’ = 00“ 0407 0. 12

CaVe % 1.68 0.59
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3.0 g and 5,0 g/n cement snd kiln dust appliestions
were at par,

s0il, cement and kiln dusts showed significent
trend of reduction in spikelet number/earhead with every
increased level of dust application, Coatrol (no dust
applications) recorded msximum splkelets/ear, while
minimum number of spikelets/ear were recorded at 5.0 |ll’
dust, /est of the levels had intermediate spikelet number,

both Zffect of fust Pollution on
Number of Grains/Tarhead

Inspection of data presented in Table 14 revesled
nonesigni flcant effects of types of dusts (cement, soll
and ¥iln) on number of grains/earhead in both the seasons
of study, Mowever, nuswerical comparison of means showed
maximum grains/esr head in soil dust applicstion followed
by cement in 1987.88 and scil dust followed by kiln dust
and cement dust in order in 1988.89,

The effects of levels of dust applications on
number of grains/esrhesd were significent during both the
seasons, Number of grains/earhead were signi ficsntly
lower at all levels of dusts spplications over ccntrol.
Maximum number of grains/esrhead (72,70 snd 50.,41) were
observed in control(mo dust application), Number of
grains/earhead graduslly decreased as the doses of dust
applications were incressed, /imimum number of
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Table 1, rIffect of dust pollution on number of grains/earheed

E::::_T:{B_- 5 i (1987;88) 5 Tean o i = 3 . 5 Tean
%011 dust 72,73 65,60 61,70 58480 64,70 50.4hk 48,47 h5,98 4b.3W 47,32
Coment dust 72,66 67,33 61486 54,60 6h.11 50.bh 48,20 hb,q3 44,50 46,06
“11n dust - - - - - 50.% 48,42 bb,18  hehS 46,10
Hean 72,70 664,46 61,78 56,70 50,64  L7,71  LA,76 L2,44
T T e & me Tt T T Tae T
1P test N5 g N3 NS dge NS

s2(mg 0484 119 1.68 0.6 0,51 0.8

CaNe(5%) - 3461 - - 1.47 -

Ca Vosk he52 3.80
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grains/eerhead were observed at 5,0 q/i’ dust application
(56.70 and *2.“‘)0

The interaction effects were nonesigni ficant in
both sensons.
415 Sffeet of Nust Pellution on

Thousand Crein veight

Data presented in Table 15 indicated signi ficent
reduction in test welght (1000 grain weight) of wheat by
cement dust application over scil dust aspplication during
both the seasons, ¥iln dust spplicetion (19°8e89)
recorded signi ficantly lower test weight than soil dust
spplication, Test wei:zhts of cement dust and kiln dust
applications were at par,

The effects of graded levels of dust applications
on test weights were signi ficant during both the seasons,
The test weights were signi ficantly reduced at all levels
of dusts applications over control, Maximum test weight
(36,50 g and 35,93 g) was observed in control (no dust
epplication), Test weight gradually decreased as the
doses of dust applicstions were increased., Minimum test
weight was observed at 5.0 g/x dust spplication(34.03 and
33.12 g).

The interaction effects were nonesignificant in the
first sesaon, In the second season interaction effects wer(
significant. Test welght of control snd 1.0 g/m’ soil dust
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Table 15. Fffeet of Aust pollution on thousand grain weizht (g)

CTIET=) )
Concentrations =g 1 3 5 Hean O 1 3 S Mean
Treatments
Seil dust 36,64 36,20 36,00 34,29  35.76 35,99 35.82 4,07 33.88 3h,94
Cement dust 36435 35.35 35.01 33,85 35,14 35,98 34,33 32,65 32,25 33.80
Kiln dust - - - - - 35.82 33.80 33,55 33.25 3he10
Fean 36,50 35.78 35450 Jhe03 35.93 34,65 33442 33.12

T (o} ™C 7T c ™xC
*F test ilge dg. Hs E LN Age Age
SE(I)‘ De12 Oe 17 0.2b D15 0.17 0.2
CoNe(5%) 0.37 0.52 - 0.3 0,49 0,86

CeVe % 1.18
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applic¢itions were at par, These trestuents recorded
significantly higher test weight over 3,0 and 5,0 u-’

soll dust applications. Test weights of 3,0 g and 5,0 d-’
soll dusts were et por, Slmlar trend was observed in
cement dust epplications, The kiln dust applicetion
recorded signi flicantly higher test weight in control over
all doses used (1,0, 3,0 and 5.0 g)e The test weight of
140 8, 3.0 g and 5,0 g/u’ dust spplications were at par,

At 4,0 g “nd 5,0 g levels of dust sppliecations,
cement and kiln dust applications recorded significantly
lover test weights than soil dust application., At these
levels, test weights of kiln and cement dusts were at par,
At 3.0 g/n° level, test weight of soil and kiln dusts
were at par and significantly higher than cement dust
application,
bk ke Ly

Data (Table 16) showed significant effects of main
(dusts) and subetrestments (concentrations) on grain yleld
of wheat durin: both the sessons, 5oil dust eppliecation
recorded signifiesntly higher grain yleld (205,66 and
286,04 g/n’) then cement (197,41 and 267,25 g) and kiln dubt
(271,55 g) epplications, Orain yleld of kiln dust end
cement dust spnlications (1998.29) were at par.
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Table 16. ©ffect of dust pollution on yleld of whest g/m®

.;:'x___%.ﬁﬁ 5 7 (133‘;’85) 5 Tean ) 3 . 3 2 3 Tean
S0l dust 232,00 209,00 200,00 18166 205,66 02,96 291,25 287,50 263,25 286,84
Cement dust 228,00 205,00 181,66 175,00 197,41 0375 272,00 257,50 235.75 267.2%
Kiln dust - - - - - 299,69 284,00 268,75 23,75 271.55
Mean 230,00 207,00 190,83 173,53 M1.87 289,62 274,25 245,25
oo T c T™®C L ¢ ™>C

‘P test dge Hge NS g. He. iR.

sR(m) s 1.70 2,40 3.39 1.66 1.92 3.33

CoDe (5%) Seth 727 - 4,79 5.53 9.58

Co Vo3 2.91 2,41
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The effect of levels of dust epplications on grain
yield were signi ficant during both the sessons, The grain
yield was signif{ieently reduced at all levels of dust
spplicetions over control, Vaximum yield (230,00 g and
301.87 g) was observed in control (no dust spplication),
Grein yield gradually decreased as the levdls of dust
applications were increased, !inimum grain yield was
observed at 5,0 g dust application (178,33 and 245,25 g).
Rest of the doses recorded intermediate ylelds,

The interaction effects were non-sgignificant in
the first season, lowever, in second season,interaction
effects were siagnificant, All concentrations of soll,
cenent and kiln dusts (1.0, 3.0 and 5.0 g) recorded
signl ficantly lower grain ylelds than contrel, Graln
yleld at 1.0 ond 3,0 g/uf soil dust applications were at
par and were significantly higher than 5.0 g soil dust
spplication treatment, However, in case cement and kiln
dust apnlications, grain ylelds were signi ficantly and
gradually reduced at all the concentrations studied,
Maximum yield was observed in control and minfeuam in
5.0 g/u dust application trestment,

At 1.00 and 5.0 g/’ concentrations, grain yleld
of cement and kiln dust applications were at par and
signi ficontly lover than soll dust at simlar rates of
epplication, lHowever, at 3.0 g/-z dust spplication
trestment, grein yleld was signi ficantly sffected by types
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of dusts, Maximum grain yleld at this level was recorded
by seil dust followed by kiln dust and cement dust in
order,

he17 Effect of Nust Po}lution
on Harvest Index (HI)

Harvest index exhibits the pattern of dry matter
partitioning in plants, It also exhibits direct relation
with economic ylelds, The harvest index estimetes were
made from the data and are presented in Table 17.

Serutiny of data presented in Tabdle 17 indlcated
nonesigni ficant effects of types of dusts on harvest index
during 1987«88, ‘owever, sisni fiecsnt effects were noted
during 198889, ruring the year 19828.89 harvest index of
soil dust and kiln dusts were at per, “ement dust
spplicetion had significently lower T than soil and kiln
dusts,

The levels of dust spplications exhibited
signifigant di fferences during both the sessons, Nuring
198788, maximum 'T was recorded in control plants, Al
levels of dust applications (1, 3 and S g/n?) showed
significantly lower T than control, The harvest index
of 1 3 and 5 1/12 were at pare During 198589, meximum
HI was observed in 5 g/u’ dust application, wileh was
siznificantly higher then rest of the treatments, The M
of control, 1 and 3 g/u’ were at pare
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Table 17, T“ffect of dust pollution on harvest index (%),

-7 ( 79)
Doncentrations ] 3 7 L J—r Q) 7 3 3 Tean

Treatments
Sofl dust 3%.11 36.66 37.75  3B.61  37.28 43,95 43,98 66,57 45,98 44,62
Cement Aust 38,18 5.1 33,85 37.56 36,18 k&.31 43,08 43,19 64,91 43,86
Kiln dust - - - w - Lh,28 45,18 43,82 45,90 Lk, 80
Hean 38,65 35.50 35.80 36.47 4,18 k4,07 43,86 45,60

T c ™C ? € ™>C
'F' test NS dge ige 4g. Age NS
58(m)y 0.38 0,54 0,76 0e27 0436  0.54
Co e (5%) - 1.63 2.3 0.78  1.04 -

Coven 3.59 2,43

—
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Interaction effects were significant during both
the seasons., In case of soil dust during 1987-88,control
and 3 g/u? dust epplice-tion showed sfdler . ‘hile I
of 1,0 g and 5,0 (/-z dust epplication were at par,

These estimates were significontly lower than control,
In case of cement dust, T of control and 5,0 gII2 dust
apolicrtion were at par and were signi ficently superior
over 1 g and % ./i’ dust spnliestion, Yarvest index of
14 and 3 g/of were also at psre “uring 198889 maximum,
HI estimates were observed in 5 gll2 dust appliocation
(cement, seil and kiln aust). 1 g, 3 x/l2 and control
had more or less similer HI,

L,18 Correlation of Nust Pollution with
Yield and Orowth Parameters of “heat

In order to find out whether concentration level
of dust pollution has any relationship either with ylield
of wheat or with growth parameters of the erop, the
product movement correlation coefficients has been
studied, The carrelation coefficients worked out for the
pollution of di fferent dusts as well as overall dust

pollution are presented in Table 48,

The Table 18 indiceted, in general, the negat!ve
relationship of coneentration level of nollution With
almost all the srowth parameters and also with the yleld
under pellution of all the types of dust, 1,e, soil,cemen
and kiln dust, Fowever, in case of sofl and cement dugts
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Table 18, ‘orrelation coefflclents between dust concentration
and bio:ntrioal/phydoleucul cheracters and yleld
of vheat,

Sre Char~eters ‘011  Cement Kiln Overall
No, dust  dust dust dust

Slometrichl charpctoers

* - e ae
1. viele/s? “0e353 «0.527 0,960  =0.ATh
- *h *n
2. No.0f sorhead/n? ~0.247 <0407 “0,943 04374
+ » e ..
3. i040f splkelets/ =0.352 0,403 -0, 948 «0o404
earhead
+* » o -
b, MNo,0f g ains/ =0e 356 0,453 “0.907 0,410
earhegd
ne o -
5. Thousend grein «0777 «0.787 «0e 331 «0,639
welr ht
- - - -
6, tTox LAT =NA0L W0, 537 «0,521 -0 454
.s s - ..
Te 'ﬁom-/-z «1,622 «0,849 «N40h0 «0,769
P, logioal character
»w -n - -
8, Chlorophy’l =0,8688 0,334 0,748 «0,819
content . e - -
9. ‘late of =04 745 0,026 «0,882 «0,767
trenspiration
Lo
10, Vax RG" 0,089 Ve 145 =0,710 04083
e
11e lMaxe MNAT =, 145 0,192 =04719 «04180

»» Yordtionnt ot 4 ¥ ll;ﬂl
* Jdomificent at 5¢ level
+ sdgnificont at 10% level
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and overall dust pollutions, the characters maximum RGR
and mexlmum NAY were not found to be related with the dust
congentration level, dmilarly, number of uz-nm/u’
under scil dust and thousend grein weight under kiln dust
indleated relstionsiip with dust concentration at 20% level
of signi fiesnce,

ke19 Influence of "ust Pollution on Yield
and Trowth Tarameters of ‘heat

“Unee almost every charscter was found to be
related with dust concentration lavel, linesr regressions
of these characters on dust concentrstion have been
fitted to assess the majnitude of the influence of
pollution, These fitted resressions are agiven in
sppendix-I and the elasticities (i.e.percentage chenze
in dependent cheracter for certain percentage chense in
pollution level) as worked out frrom these regressions

are presented in Table 19,

The elgsticities presented in Table 19 revegled
detrimental effects of dust on yleld, yield attributes
and physiological parameters except meximum RGR under soil,
cesent and kiln dusts treatments, Amongzst dustsy,cement
dust exhibdited meximum defrimental effects followed by
kiln dust and soll “ust in order, The physiolegiecal
chareters, namely, c-loronhyll content snd rate of
transniration were the much affected characters by dusts
pollution, Rate of transpiration was sreatly affected
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Teble 19, Masticitios of WMometrical and physiclogiocsl
characters to dust econcentration under 41 fferent
typen 0" duat in wheat

TDastiet ty()) to concentration of

No.  Chareeters il  Cement  Wln  fverall
dust dust dust dust
HMomtrigal chargoters
1. Yierd/w’ “Te089 10,865 = 0,714 = 94113

2. No.of earhoads/m’ - 6,019 «10.458 10,49 ;a.m
3. YNo.o0f spilkelets/ = Uolih7 W 5,331 = 5.820 = 5,089

esrhead

4, MNo,of grains/ - 727 «10,4192 - B 453 o 8,937
earhead

S« [housand grsin - 24958 w 3,986 = 1,588 e 3,049
welsht

6, Vax, LA - 2,422 « 3,387 « 2,609 - 3,086

7. Monass/u’ - 70269 «10.947 «10,605 = 0,420

Ehysiolostcal characters
2, “hlorophyll contont «12,33% w1%,%27 o 6,359 «19,468

9, nNate of «16,546 «20,631 «17,.951 «17.576
transpivetion
10, Vax, 407 Je214 6,429 = 5,628 3.75

11, Max, HAR - o156 = 6,373 = 0,598 < 5,992
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followed by chlorophyll content indicating the

di sturbance in gaseous sxchance and degeneration of
photosynthetic apparatus, /‘mongst the yield comtributing
characters, number of url/n’. nuzber of spikelets/
esarhead showed reductions under dusts soplications,

The types of dusts exhibited varyin: effects on
yield attributes, “ement dust recorded maximum percentege
reduction in case of ear nulbdr/lz. bj.elul/l2 and
meximum LAI followed by kiln dust and soil dust in order,
Kiln dust exhibited maximum percentage reduction in
nusber of splkelets/earhesd and number of grains/eerhead
followed Ly eement dust and soil dust in order, s5oil dust
did not indicste meximum reduction in psay of the selected
cheracters,

Thousend grain weight was much a‘fected by cement
dusts spplication follewed by scll “ust and kilnm dust in
order, Meximum Y/7 was greastly decreased by kila dust
pellution followed by cement and soil dust wiile maximum
A0R was decressed by kiln dust application only, Fowever,
maximum C1 was inereased by 6,429% and 3,294% by cement
and soil dust application respectively,

4,20 Analysis of the fffeets of "ust “ollution
and Crowth xParameters on Yield of ‘heat

The natur :al relationship of growth parasseters
with yleld end, in turn, the inter correlations amongst the
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growth perameters and dust pollution level has necessitated
the analysis of the effect of each character into direct
and indirect ef’ects, Hence, the method of path analysls
which also i“enti fles the characters resnonsihle for the
vield has been adopted, Tt was ohserved that in either
set of only biometrical charneters or only physiclogical
characters or all the characters tosether, the totsl
contributions were above 90% and were not differing much,
This indicates that any of the sets of either biometrical
characters or of physiole:ical characters is sufficient

to explain the variation in yield, 48 such psth analysis
have not been done for all the characters together but

for the biometrical and physiological characters separately,

he20e1 Iffect of biometricel characters on yield 3

The results of the path analysis on dust pollutien
end biometrical character wWith yleld of wheat as dependent
character are presented in Teble 20,1(a) to Tsble 20,1(e).

4,20,1.1 “ffects under dust free environment g

Nata presented in Table 20,4(a) indicated
signi flonnt and Mzh desree of total associaticn between
biometrical charscters and yvield unier dust free
environment, The direct positive effect were observed for
enrs R\llbﬁl“/lz (0.,5305) followed by uo-u/-?(o.zi‘m).
The number of grains/esrheed though indicated the negative
correlation with yleld, its direct effect udas positive
1.0, 0,1822, Maximum LT exhidited low ‘irect effect



Table 20,1(a).
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Mreet and indirect effects (path -ulylu)

of biometrieal characters under dust free
envircnment on yield of wheat.

Chare= Cherscters Total irect Totality Infl

eter corre= effeect of char

No. lation indirect 2 its
effect indirect

effects
2, Thousand grain =0,h290 «0,0938 «0,3352 (3)e0,1669
weight (5) =0, 1949
3s loe0f spikalets/ «0,9869 =044119 «0.,5750 (&) 0.1766
earhead (5)=0,52040
(7)=0.2613
b, loe,0f grains/ “1.9563  0.,1822 «0,77h1 (3)=043991
earhead (5)«0,5165
(7)«0.2%07
5, ‘Ye,of onrl/uz 0,986  0,5M% 0, 45kq (3) 0.h089
(L) =0a1778
(7) 0.2h07
6. tiaxe LAI «0.7299 00,0682 «0,6617 (3)<0.3131
(&) 0,1262
(5)=0.39%0
(7)=0.1749
7. “lomass/u’ 0,9789  0.2470  0.7319 (3) 0,4028
(h)«0,1702
(3) 05170

12+ Dust pollution M1 - - -
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(0,0682), The character, number of spikelets/earhead
recorded strong negative direct effect on yield(=0,4119),
The character thousand grain weight also recorded low
(=040938) negative direct effect,

The total indirect effects indicated maximum negative
indirect effects of number of grains/earhead («0,7741)
especially through number of }-r-/d?, number of spikelets/
esrhead and blomess/n’, followed by maximum LA (=0,6647)
throuzh number of spikelets/earhead; number of grains/
esrhead; number of esrs/u’ and Menu/n:; nusber of
spikelets/earhead (=0,5750) throuzh number of grains/
earhead, numer o un/uz and bie-u/nz and thousand
grain welisht (=0,%352) throush number of spikelets/earhead
and nusber of esrs/m’ in order. "lomass/u’ exhibited maximu
positive indirect effects on the yield (0,7319) through
number of spikelets/earhesd and number of ears/m® and
negatively through number of grains/earhesd(=0,1702),
Number of ears/u’ also exhibited greater indirect effects
(0.4541) through number of spikelets/earhesd and biomass/m’,
Number of Ql!‘l/lz recorded negative indirect effects
(=0e1777) through number of grains/easrheads

In general, dats indlcated that number of esrs/u’ and
bio-u/i? sre mpjor yield comtributing charascters, The rest
of the chsracters showed sreater negative indirect effects
on yleld through other chsracters, MNumber of spikelets/
earhead strongly a’fected the yleld directly as well as
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indirectly throush other characters,

L 4204142 “ffect under soil dust pollution :

Data presented in Table 20,1(b) indicated
positive correlation between number uro/lzg !:to-ua/-2
and the yleld, The rest of the biometricsl characters
end dust pol.ution exhibited negetive associetion with
the ylelds Under soil dust polluted environment ear
uum.r/l'. number of grains/earhead and b:lenu/nz
exhibited positive direct effects on yield, Number of
spikelets/earhesd and dust pollution exhibited greater
negative effects, thousand grain weisht and meximum LA
showed low direct negative effects, The total indirect
effects of biometrical characters under scil dust pélluted
environment were similar to eontrol, The dust pollutiomn
showed indirect effects throush ear number/s’ and number
of spikelets/earhead,

4,20,1.3 Effects under cement dust pollution :

Under cement dust polluted environment
(Table 20,1(e), dust pollution indicsted poor direct
effects on yleld, lHowever, 1t strongly affected the yleld
through thousend grein weight, ears mﬁr/lz end
biomess/u’, The effect of dust pollution through
binnn/i’ and ears nudnr/i' were negative, Rest of the
characters had similer effects to that of control.
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Table 20,1(e)s Tirect snd indirect effects (peth analysis)
of biometrical charneters an? cement dust
pollution on yield of wheat,

Charfe Characters Total Mreet Totality Tnflueneing

eter corre= effest of character(s)
Mo, 1ation indirect ond its
effeqt indirect

effects

2, Thousand grain 040775 =041486 L0711 (3) 0,170

welght (7) 0.1569

3e 1040f Spikelets/ =0,4597 10,2329 «0,7628 (2) =0.119
earhend (5) «0,5322

h, DlNoe,0f grains/ “0bETT 0,078 0,196 (2)=0.1071
earhead (3) 0.2209
(5) «=0.,4904

S. 10,07 ears/u? 0.9695 0.8537  0.1158 (3) =0, A7
(7) 0.2623

6. Maxe LA «0e1523 040251 «0.1272 (3) 041648
(5) =0.2326

7. Momass/n? 0.3523  0,%09  0,5218 (5) 0.6694

12, "ust pellution =0,5267  0,0788 <0479 (2) 0.,1169
(5) «0,3477
(7) «0,2894
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4.20,1.4  Iffegt under kiln dust pellutien :

Kiln dust pollution (Table 20.1(d) exhibited
stronz direct effect on yleld («0,6201),. ¥iln dust
pollution recorded low negative indirect effects, It
affected yleld through number of spikelets/earhead
(=042408) , biomass/n’ (=0,2691), number of greins/earhesd
(=041048) and number of ears/s® (0.278). Kiln dust
affected yleld strongly tirough number of ears/u’, number
of spikelets/esrhead and biomass/w’ snd showed negative
effects,

4,20,4.5  Zffect under general pollution s

Table 20,1(e) exhibited signi ficant negative
eorrelation between yleld and dust pollution i,e,-0,4735,
The dust pollution recorded low direet effects (0,0330)
on the ylsld, However, total indirect effects of dusts
pollution through ssr number/s? and biomass/m® were

greater and negative.

In general, biometricel characters under dust
free and polluted environment exhibited more or less
simllar effects on yleld, Overall dust pollution and
cement dust pollution affected yleld through other
characters while scail dust pollution and kiln dust
pollution affected the yleld directly,



Table 20,1(d).

e 87 4o

rirect and indireet effects (path analysis)

of Monetrical charaecters and kiln dust
pollution on yleld of wheast,

Charee Cherecters

Total Tireet m-uw Infiveneing

ator Torre- effect charactor(s)
Noe lation !.ldinot and its
effect findirect
effeots
2, ‘housand grein  «0.2G47 0,08k  «0,3491 (12)=0.23%
wolght
3. Vosof ‘pikelets/ 0,020  0,2540 0,6670 (5) «0.4726
earhead i?; 0.2628
) 0.T77T3
b, lNoesof grains/eac= 0.9041 0.1956 047885 (3) 0.2465
head (5) =0.h264
7) 042956
(%) ouse
5. losof ears/u’ 048790 w0495k 1.3744 gag 0.2423
7) O«
12) 0.7786
6. lMaxeLil 5373  0.,0889 0,984 041188
=0,2439
o.ﬁ?!
7. Homess/n’ 049589 0.2862  0,6727 ’ o.:m
5
12) 0.7711
8. Tust pollution 04960k  =0,6201 «0,3H03 i
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rirect and indireet effects (path -\alyll.l)

of biometrical charascters and overal
pollution ap feld of wheat

Chara= Characters Total dreect lotal- Infl
cter eorre= effect ity of charact
Hoe lation indi= & Lits
rect indirect
effeot effects
2, Thoussnd grain =0.0110 0,014 «0.,0205 -
welght
3, Number of =0.5405  =0.1333 «0,4104 (5) «0.4071
plkelets/earhend
4, Wumber of sralns/ «N.5252 0,0B46 «0,6092 s =0,1263
earhead 5) <0 h054
5. Mo,07 esrs/u Ne3684 0,632 0,318% (7) ©0.3089
6, Maxe LAI 2042599 =0.0003 «0,2673 (5) «0,224%
7. Momnss/x 0.8755  0.3790  0,50k9 (5) 0,5146
12, "ust pollutiom «0.4735 0,0330 0,506k 55 -0,2392
«0,2915

L,20,2 [ffects of physiclogical chsracters on yleld 2

The results of rath analysis on dust nollution

and rhysiolozical characters yvith yleld gs dependent

chargeter are presented in Tadle 4,20(g) to Table

4e20 (@)

be206261 ffects under dust free environment 3

Data presented in Tsble 20.2(a) recorded strong

negetive correlation between maxd mum

2GR sad mexdmum NAR,

Chlorophyll content exidilited poor nezative assoc stion,
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‘ate of transpiration exhibited poor positive correlstion
with the yleld, lMaximum 0GR exhibited msximun direct
effect on yleld, The effect of RGA on yleld was however,
negative, It recorded low total indirect effects,

Vexi mum NAY recorded maximum indireect effects, The
indireet effects of maximum NAL were also negoative,

The meximum NAR {nfluenced the yleld through meximum

na=, Chlorephyll content and rate of transpiration
exhibited low indirect effects, ~hlorophyll content
affected yleld through meximum RGR (-0,1353),

Table 20,2(a) nrect and indireet effects (path .n.ly-u)

of physiological characters under dust
free environment on yleld of wheat

Chare Characters Total Mrect Totee Influencing
acter corre- effect 1lity of character(s
Noe lation indirect & its
effect indirect
effects
8+ Chlorophyll =0e1168 040385 =0,0783 (10)=0,1353
content
9. Rate of 0.1404 0,0464 0,090 -
trenspiration
10. Max, MCR =0,9879 «0,9409 0.,0470 -
11« Max, NAR 08982 «0,0539 «0,9521 (10)=0,8420

£,20.2.2 Zffects under sofl dust pollution :

Tnfluence of soil dust pollution on the yield
(Table 20,2(d) indicated negative direct effect of dust
pollution on yleld («0,2161), "ust pollution affected
wheat yleld through rate of transpiration, The yield under
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soil dust pollution was directly affected by maximum RGR
end rate of transpiration, ifaximum NAR and chlorophyll
content showed low direct effects on yleld, Chlerophyll
content, rate of transpiration and maxisum NA7 had greater
indireet eifects, Chlor®@phyll content effected yield
through rate of transpiration and dust concentration,

Rate of transpiration affected yield through nmaximam 00
and dust pollution, while maximum NA? {nfluenced yield
through maximus 2GR, The effect of soil dust pollution

were through chlorophyll content and rate of transpirastion,
Table 20,2(b), ’u-et and indirect effects (pnh nndnu)

g siologicel charseters end
pol on on yleld of wheat,

Charae Total Mireet ‘Nnnty Influencing
cter corre- effect character(s)
No. lation 1nd:lne' & its
effect i
effects
8. Chlorophyll 043240 «0,0733 043973 $9; 0.1)10
content ) 0
9, Rate of 00,6475 0.,1809 0,4666 g g Oe ’ss
transpiretion 0. 1552
10, Max, RGR wOo P97 «0B4TO «0,0947 -
11, Max, NAR “0.ThBE  «0,0046 w0, 7hh  (10)=0.7241

12, ust pollution «0, 326 «0,2161 0,135 (9) «0,1300
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4,20,2,3 "ffects under cement dust pollution i

The effects of physiological charascters on the
yield under cement dust polluted environment (Table 20,2 @)
were similear to that of soil dust polluted environment,
Cement dust pollution affected the yleld greatly through
ehlorophyll eontent and rate of transpiration, Under cement
dust polluted environment 0R directly as well as indirectly
affected wheat yleld,

Table 20.2(e)e w and indirect effects (pnh analysis z

; elagxenl characters and cement
pol on on yield of wheat.
Chara= Characters Total irect Totality Infl
cer corre- effeet of character(s)
Koe lation indirect and its
effect indirect
effects
8., Chlorophyll 07106 04,2103 045003 (9) 0.189%
soutamt (10) 01811
(12) 0.1203
9. Rate of 0.6785 0,222k 0,4569 (8) 0,179
transpiration 10) O,
Oe1121
10. Maxe RGR 08751 «0,4826 «0,3925 (13)-0.2292
11, Max, NAR @0, 6636 «0,252h «0,61412 (10).0,42%
12, "ust pollution =0,5267 «0,1361 «0,3906 i ;
9 -0.10!

b,20,2,4 2ffe ]

¥ila dust pollution (Teble 20,2(d) exhibited
strong direct effect («0,8201) on yleld, Other
physioclogical parameters recorded low negative direct
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effects, The physiolezical parameters however, stromgly
affected yleld through dust pollution (indirect effects),
Major indirect effects of kiln dust pellution was through
mayd mum NOR,

Table 20,2(d), "4nct and indireet effects (p.th n.lydl)

ghyuolqied characters and kiln
pol ution on yleld of wheat,

Chara= Characters Total ‘ireet Tota- Influencing

No, lation indirect and its

effeet indirect

effects

8. ngml 07345 «0,0250 0,7595 (12) 0.8908

acat

9. QRate of 048525 «0,0393 0.,8918 (12) 1.0515
transpiration

10, Maxe ROGR 046170 «0,1505 04,7675 (12) 0,8466

11 Maxe NAR 046520 «0,0089 047509 (12) 0.8566

12, nust pollution «0,9604 =0,8201 0.23% (10) 0.1069

46,20,2,5 Tffects under general pollution 3

Overall effects of dust pollution (Table 20,2(e)
revealed more or less similar effeots to that of cement
dust pollution,

Tn general, the kiln dust pollution exhibited
direct effect on yleld widle cement and overall dust
pollution noted lower negative direct effects and greater
indirect effects through other parsmeters on yleld,
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Soil Adust pollution showed greater direct effects and low
effects through other cheracters,

Table 20,2(e)s irect and indirect effects (path anslysis)
of physiological characters and overal
dust pollution on yield of wheat,

Char-  Characters Total ‘irect Iﬁgt.uty Influencing
°

acter corree effect character(s)
Noe lation indirect & its
effect indirect
effects
8. Chlorophyll 0,4501 0,0088 0,4413 (9) 0.,1997
content (12) 0,842
9., Rate of 046671 0,2671 0,4000 (10) 0,2064
transpiration (12) 0.9769
10, Max, 7GR w8635 «0,6512 «0,2122 (11)=0,1100
11, Yax, NAR =0ETUD =Ne1258 «0,5491 (10)=0,5693

12, "ust pollution «0,4735 «0,2249 =0,2486 (9) «0,2101

b,21 Centributions of Yield Predictors
of “heat

In order to assess the relstive importances of
di fferent characters explsining the variations in yleld of
wheat, the direct contribution of each character has been
worked out from the direct effect obtained in the path
aneglysise dmilerly, the total contribution of these
charscters have been estimated through multiple correlation,
The estimated different types of contributions of these
characters are presented in Table 4,24,9 for blometrical
characters along with dust pollution,
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Tsble 21,1, ™Mrect contribution of di fferent biometrieal
charscters in wheat yleld,

‘re Charscters Percentage contridbution of the

lies ghgraeter wndey _ _ _ _ _ | _ ... e
‘st G0il Cement ¥ilm Overall
free dust dust dust dust
envir= pollue g:uu- ollu= pollute
onment tion on g!.u fﬂ

1., Thousand grain 0,88 032 2,21 071 0401

welght

2, Noesof spikelets/ 16,97 8.5 5.3 6,54 1,78
earhead

3, Nosof grains/ SR 5.54 0.23 154 0467
earhead

b, Yo,of eers/e? 28,9k kk,bk 72,88 20,56 60,90

S. Vex, LAY AT 0,43 0,07 0.5 0,09

€, “omass/u’ €a10 1,26 11,59 R.10 4A,%

7. "uet concentrstion - S.% 0,62 I|MAUS 0,11

f, Total drect 55.28 66,54 92,99 79.92 57.84
eontribution

o, Total indirect 42,79 32,22 4,11 15,91 38,82
contribution

(r2a(8) )
10. Totel residusl 1,335 1.20 2,90 317 354

cortribution
(1-’!’)
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The biometrieal characters showed 55,858% total
direet contribution to yield under dust free environment,
The total direct comntribution of these pargmeters was
incressed under dust polluted environment (Table 21.1).
Maximum direct contribution on tiometrical parameters to
yield was observed in cement dust polluted environment
(72499%) followed by kiln dust (79.92%), soil dust(66454%)
and overall dust pollution (57.84%) in order, The totasl
indirect contribution of these parameters on yield was
found to be maximum under dust free environment (42,79%)
while minimunm indirect effects were noted under cement dust
polluted environment, Soil dust polluted environment
exhibi ted 37,22% total indirect contribution while over all
dust pollution recorded 37,R82Y total indirect contribution
through these perameters., The total residusl effects were
maximum (3,34%) under overall dust polluted environment
followed by kiln dust (3,17%) ,cement dust(2,90%), dust free
environment (1.33%) and soil dust pelluted environment
(1424%) in order.

serutiny of the data presented in Table 21,1
showed maximum contribution of no,of onrn/iz in wheat yield
under both dust free and dust polluted environments,
Maximum contribution of 72,88% by this character) was
recarded under cement dust polluted environment, 5oil dust
renked second (b4,44%) followed by overall dust(40,90%),
dust free environment (23,4%) and kiln dust (25,54%)
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in order, The other blometrical characters behaved
varyingly under differeat environsents,

Under dust free environment number of spikelets/
esrhead contributed next to esrs lo./m>(16,97%) followed by
biol-u/i? (6.10%) and number of grains/esrhead (3,32%)
in order, Thousand grain weight and meximum LAI showed
low contribution,

Under soil 4dust polluted environment number of
spikelets/earhead (8,53%) was observed to be a second best
varisble followed by number of grains/earhead, Tust
concentration eomtributed 5,% % to the yleld, M omass/n?,
thousend srein weisht end maximum LAI exiibited low
contributions,

Under cement dust polluted environment \uonn/lz
(11.59%) renked second in order, Number of spikelets/
eorhead (5.39%) and thousand grain weight (2.217) were the
other comtributing characters to yleld, Humber of grains/
earheads, maximum LAT and dust concentretion showed poor
contribution,

Under kiln dust, concentration level of dust
pollution contributed maximally to yield (38,45%), However,
the affeet of dust concentration level on yield were
negative (Table 18 and Table 20,2 (d), The next yield
contributing character unier kiln dust polluted environment
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wes number of esrs/n’ (24,567, \aumuu/l2 eontrd buted
8.19% followed by number of spikeleta/earhead (6,54
and thousand grain welsht (1,34%) in order, The
characters, meximum LAT and number of greins/esrhesd
showed lower contribdutions,

Under overall dust pollution the meximum
contribution was indicated by number of ears/n2(40,90%)
folloved by biomass/s’ (14.36%) end number of spikelets/
esrhesd (1,78%) 4in order, Thousand grain weizht, number
of grains/esrhesd, naximum LAI and dust concentration
poorly contributed to the yleld,

In general, types of dust exhibited low direct
contribution to yleld except kiln dust wherein the direct
contribution to yleld was very 'dgh (38,45%), Considering
the negative intererelstionship between dust pollution
and vield end yield attributes the overall effects of dusts
pollution are inhiditory,

bL,22 Contributions of Yield Predictors
("hysiclogical “arameters)of ‘heat

The estimated different types of contributions of
physiologicel charagters and dust pollution in wheat yleld
sre presented in Table 21,2,



on

ve © ..

Table 21,2 . ™reet entridution of 4 fferent physiological
characters in wheat yield,

3re Characters Percentaze con‘'ribution of the

Noe characters under
ust Seil Cement Xiln Oberall
free dust dust

dust dust
envire pollue pollue pollue pollue
onnent tion tiom on on
(%) %) (%) (%) (54)

1. Chlerophyll 0415  0.54 heh2 0,01 0409
con

2, Rate of 0422 3.54 4,95 0401 713
transpirstion

3. Max, OR 88,53  T1.7h 23,29 2,27 h2,49

by Maxe NAR 0,29 M1 6,37 0498 1,58

5. Tust - 567 1,85 .42 5,06
coneentration

6. Total airset 89,19 80,49 40,88  b,69 56,19
contribution

7o Totel indirect p.80 16,58 35.29 88,83 37.53
(r2-(6) )

8e Total residual 2,01 2,93 3.83 6,46 6428
contribution
(1-12)




s 99 .,

Maximum totel direct comtribution of physiological
parameters to yleld was observed under dust free
environment, Total direet contribution of these parameters
was low under dusts polluted environment than dust free
environment, Under dust polluted environment maxisum
direct contribution of physiclogical parameters to yleld
was observed under ‘011 dust polluted environment (80,49%)
followed by over all dust polluted (56,19%), cement dust
polluted environment (40,88%) snd least under kiln dust
polluted environment (4,69%), The total indirect
contribution of physiological parsmeters was minimum under
dust free enviromment (2,80%), The physiologicsl
characters exhibited greater totsl indirect contribution
under dust polluted environments, Maximum total indireect
contribution was observed under kiln dust (88,85%) followed
by cement dust (55,29%) overall dust pollution (37,56%)
and soil dust polluted (16,98%) in order, The total residual
effects were meagre (2.0 to 6,0%).

Percent direct con:ribution of physiological
parameters to wheat yleld (Table 21,2) indicated maximum
contribution of maximum RGR 88,56% to yleld under dust
free environment, Maximum NAR, rate of transpiration and
chlorophyll content recorded poor contributions.

Under soil dust polluted environment maximum RGR
exhibited maximum contribution (74.74%), followed by dust
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concentrations (4,67%) and rate of transpiration (3,54%)
in order, Chlorophyll content snd meximum NAR poorly
contributed to yleld,

Under cement dust polluted environment mased mum
RGR gontributed 23,29% followed by maximum NAR 6,%7%,
rate of transpiration A4,95%, Chlorophyll content A, 42%
and Aust concentration 1,85¥ in order,

Under lkiln dust, the physioclozical characters
recorded lov contridbution to yleld (2,27%) by meximum ROR,
1.42% by dust concentration, 0,98% by maximum NAR gnd 0.,01%
by ehlorophyll content and rate of transpirationm,
respectively,

Under overall dust pollution, maximum RGR recoarded
maximum contribution (42.,k1%)s The second best character
contriduting yield was rate of transpiration (7.13%x%)
followed by dust concentration 5,00, maximum NAR 1,58
in order, Chlorophyll content showed too low comtribution
(0.01%) 4

In general physioclogical parameters cen explain
the variation in yleld under dust free and soil dust
polluted environment only,



CHAPT®R ¥

M 3CUSSION

“nvironmental pollution is a major universal
problem, Rapid industrilizetion and improper methods of
waste disposal have intensified the gravity of this
problem, nNust pollution due to emission of minute
particles of 0,1 to 100 u size into environment is common
in developing countries, The types of dust causing
pollution are seil, cement, kiln, ash (thermal power
stationg), coal field ete, The dust particles are deposited
on the surface of soil and canopy of vegetation, These
deposited particles when come in contset with water or
vapour form hard crust, The cement dust and kiln dust
comprise , oxides of celcium, potassium, sodium whMech form
corosive hydroxides when come in cont-ct with water,

The “ust vhen “eposited on leaves reduces the availability
of 1izht to the chlorophyll pigments, slters gasecus
exchange system by blocking stomatal smpertures and
decresses synthesis of ellorophyll (“imgh, 1980; Singh and
Rao, 1980 end 1981, "rasad and Tnemdar, 1990 a, b). Data
presented in Tsble 12 indicated lower rates of transpiration
under dust polluted environments than control (dust free
environment). The decreased rate of transpiration may be
due to pertisl to complete blocking of stometal pores by dust
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deposition on leaves which may have caused hinderance in
gaseous exchange, Similar results were recorded by

Czada, (1966); Leraan, (1972}, Singh and Reo, (1981). It has
also been reperted that dust deposition on csnopy

increases leaf temperature (Mark, 19633 singh and Rao,1981).
The dust pollution has tihus, affected major physiologicel
processes of the plent which in turn have retarded growth
and productivity (ngsh and Rgo, 1968).

5.1 nffect of Tust Pollution on Crowth

Crowth of wheat 1z expressed by hefght of plant,
leaf ares and number of tillers/s’, The plants growing
under dusat pollution showed decressed hefght, tiller
nusber and lesf area as compsred to eontrol plants. The
decreased leaf araeps ' had reduced totasl photosynthetie
area of plants, "ecressed tiller number had also
contributed to reduce total leaf area/plsnt. The plants
growing under dust polluted environment were thus, poorly
developed as compared to plents zrowing under dust free
environment (control), Amongst the dusts, cement and kiln
dust exhibited greater Jetrimental effects on growth
parameter as compared to soil dust pollution, Hetarded
growth of plants under dust polluted environment may be due
to reduced rate of photogynthesis and improper supply of
assimilates, Reduction in height, leaf sres and tillers/
plant have been reported by Parethasarathy gt al.(1975)s
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Gingh and R0 (1980); Indhirsbal et al.(1989); shuklae
et al. (1990); Prased end Inasdar (1991) and Prased gt al.
(1991).

The types of dust and thelr concentration lovels
hed @lso affected dry matter assimiletion of plents.
The plants growing under nolluted environment exhibitdd
lover dry mstter produetion which resulted in decreased
blomass (Tsble 11). The decressed leaf srea and LAT
(™g.1) associated with Adecressed dry matter/plant have
lowvered down crop growth rate, under polluted environment
(Table 6). The deta on ecrop growth rate at different
growth stages exhibited lower growth rates under polluted
environment and Mpgher 2rowth rates under dust free
environment (7ig,2), The growth of wheat was, thus,
affected by dust pollutiom during vegetative phase, Data
on total chlorophyll coatent (Table 9) also indieated
decressed cilorophyll conteunts of leaves under dust
polluted enviromments (Lerzan, 1972; idngh, 19803 singh snd
RaGy 19813 /grewsl et sle., 1988; ‘waminethan gt gl., 1989
and Shuklsg gt al., 1990). Tius, the dust pcllution seems
to have disorganised the photogynthedlC spparatus whiech may
have affecte’ the rate of photosynthesis (712.%)/Singh and
"0 (1991); “waminathan st sl. (1979); Shukln et al.(4991)
and Prasad gt al. (1991). “ecreased rate of nhotosynthesis
had reduced dry mstter assimilstion in plants. The rate of
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photosynthesis ¢an be compensated ef ther by increased
lenf area or by increased chlorephyll concentrations,
Under dust polluted environment, both of these parameters
were affected by levels of dust concentration., The rate
of photosynthesis and dry matter sssimilation in plants
growing under dust polluted environment could not be
compensated by any of the above mechanisms, “eduction in
biomass under dust polluted environment are reported by
dngh (1980); Lal and Ambasht (1980); Singh end Rao(1981);
Shukla et al. (1990); Prasad and Inamdar (1991) aad Prased
et gl. (1991).

The tiller survival in cereals is du'octh’ related
with the nutritional status of plants. In genersl, the
plants with higher biomass can supply assimilates to the
growinz tillers and thus, exhibit “Mgher degree of tiller
survival, The plants growing under dust polluted
environment showed lower tiller number in initisl stage of
growth indeating poor tiller emergence (Table LA and B),
The plants havine fewer tillers also exhibited higher degree
of tiller mortality. The tiller mortality could be
assessed by effective ullm/nz. where in, it was
observed that plents growing under polluted environment
had significantly lower ears/w’ as compared to the plants
growing in dust free environment (Table 42), Thus, the
plents growing under polluted environment exhibited lesser
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tillers development, The lower number of tillers/plent
under polluted environment may be a result of lower
biomass. The above findings are in sgreement wdth Simgh
end ac (1980); Ambrust (1986); Shukla et gl. (1990) end
Prasad and ITnamdar (1990 and 19%91).
5.2 iffect of ‘ust Pollution on
Yield

Grain yleld is a function of ears number/unit
area and ear welght/plant. The esr welght is determined
by number of grains/earhead and test weight (1000 grain
welght), Orain welght 1s affected by the photosynthetiec
area during grain growth phase snd the rate of transloeation
of dry matter from vegetative organs to the developing
grains, The nusber of grains/esrhead are thus, controlled
by the amount of nhotosynthates availasble to the growing
buds durine the phase of earhead development, The
availability of photosynthate depends on the rate of
photosynthesis and the rate of respiration, The dust
pollution forming a hard crust on leaf surfaces had
decreased rate of photosynthesis by reducing the quantity
of light, affecting the diffusion of @2 and oxygen from
atmosphere into the leaf and viceeversa, The dust
deposition had also decreased the rate of transpiration
(Table 10) which in turn had increased leaf temperature,
Increased leaf temperature increases the rate of dark
respiration which may have decreased the availability of
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photosynthate to the growing eer. The effects of decreased
availability of photesynthate were noticed by decreased
biomass of wheat under polluted environment, The
decreased avallability of photosynthate may have affected
the ear development process, The results presented in
Table 13 and Teble 14 indicated decreased spikelets
nusber/earhead snd number of grains/earhead under dust
polluted environment, The major yleld attribdbutes, grain
nusher and ear number were, thus, affected by dust
pollution, Recuction in spikelet number and grains/esr
due to cement dust pollution have been reported by

dngh (1980); Simeh and Rao (1970) and Serka (1986).

The another important yleld attribute if.e. grain
weight expressed as thousand grain weight was also
desreased by dust pollution, The grain weight is mainly
affected by asmbient temperature during the phase of grain
development and supply of photosynthate to the developing
grain, OCupply of photosynthate to the developing grain
is sgeln controlled by rate of photosynthesis and rate of
trenslocation from source to sink, The plants growing
under polluted environment had lower biomass and lower
photosynthetic ares (source), Thus, the plants growing
under dust pollution may not have a proper supply of
photosynthates which may have decreased thoussnd grain
weight, The dust deposition on the ears and flag leaf may
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Table 22, Prercentage reduction in whest yleld as
affected by concentration levels of dust,

STe regtasnt % reduction ta yield
e 1987-88 1988-89
1« Soil dust
a) 1.0 g/of 9.91 5.61
b) 3.0 g/ 13.79 4,85
e) 5.0 g/ 21,70 12,88
2. Cement dust
a) 1.0 ‘/a 10.10 10.45
®) 3.0 /e 20,3 15.22
e) 5.0 g/ef 23,27 22,57
3. Kiln dust
o) 1.0 /e - 6.24
b) 3.0 g/ N 10.33

e 5.0 g/ . 24,02

di fferent statistical measures (Table 18 to 21) also
indicpted that the dust pollution had affected yield by
wodi fying physiclogicel and morphologicel parameters which
were evidenced by hMgher individual indirect effects of
above parsmeters. The hiometrical yleld sttributes and
physioclogical parameters showed negative association with
dust pollution, The path co-efficients also indicated low
direct effects, Reduction in yield uncer dust polluted
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environment have been reported by ingh and Rao (1968)

and Aengesamy and Jambulingam (1973); Cblisami et al.
(1978)3 Borka (1980, 1981 and 1986); Lal snd Ambasht (1980);
3ingh (1980) snd 3ingh snd Rao (1980).

The physiological parsneters were also sffected
by di fferent types of dusts, The effects of dusts on
biometrical and physiological parameters varied with type
of dust pollution, The cement dust pollution was
observed to be most detrimental followed by kiln dust and
soil dust in order, The dust pollution simultaneously
affected biomass as well as grain yleld of wheat,

These effects were reflected on harvest index. The harvest
index of wheat under different concentration levels of
dust pollution showed significant decrease over control
during 1987-98, lowvever, during 1988«89, the harvest
index under 5,0 ;/lz dust concentration level was
significantly, higher than rest of the treatments (M1z.5).
The improved harvest index under this treatment seems

to be the result of simultanecus decrease in both the
components (biomass and econcmic yleld), uhile the
results of 198788 indicoted poor partitioning of dry
matter under polluted eavironment, The di fferences in
harvest indices amongst the treatments were narrow ( 5%).
The hgramful effects of dust pollution were through
simltaneous and cumilative inhibitory effects on growth,
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yield attributes and physiological characters of wheat.

70

2)

3)

4)

5)

6)

7)

From these studies, i1t 1s concluded that «

Must pollution affects plant growth, by reducing
height, leaf srea, number of tillers/plent and
biomass (dry weight).

"ust pollution decreases rate of Iranspiration,
LAI, Crop growth rate, Chlorophyll content and
felative growth rate,

The yleld stiributes i.e. ear number/u’, nusber
of spikelets/ear, number of grasins/esrhead snd
1000 grain weight were also decreassed under dust
polluted environment,

Yield of wheat decresses as the concentration
levels of pollution increases.

Dast pollution irrespective of type of dust is
detrimental to plant growth,

Cement and kiln dust pollution even at 1 l/l’
concentration ig harmftl as 1t reduces yleld by
10% over contrnsl, Yield losses inecreasses vdth
increased levels of dust pollution,

sAmong st duste, cement dust and kiln dust are more
detrimental than soil dust.



8)

9)
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Tust deposition exhibited negative association
with growth, physiclogical, yield and yleld
contributing characters,

Percent elasticity snd percent contribution
determingtions indicated greater indirect effects
of dust pollution (tirough other characters)

1.0, by effecting majer morpho=physiological
parameters,



CHAPTER VI

SUMMARY

The present investigetion, ""ffect of dust
pollutants on growth, development end yield of wheat"
was conducted during fgbl, 1987-88 and 1988.89 in the
field of M"epartment of Sotsny, Punjabrao Krishl

Vidyapeeth, ikola, "eplicated experiments were conducted

in factorisl randomised block design with three dusts

(scil, cement and kilm dust) st four concentration levels

(0403 103 3.0 and 5.0 g/u’). The results obtsined are
sunnarised below:

1) Plent helght was significantly decreased at all

concentration levels of dust pollution over control,

¥eximun reduction vas observed at 5.0 g/u’ dust
spplication, /mongst dust cement dust application
signl fleantly reduced plant heights over soll dust
(1987-88),

2) Leaf srea of wheat wvas not affected by soil dust,

cement dust and kiln dust applicntions at most of the
stages of crop growth, At 40 NAS(1957.88) end 45 DaAS

(1988-89) cement dust and kiln dust significantly
reduced leaf area/plent over soil dust application.
The concentration levels of dust applications

signi ficantly a?fected leaf area/plant, The leaf



3)

h)

5)

6)

. 1" .

erea/plant gradually decreased vith incressed
concentration levels of dust pollution,

Leaf ares index was not affected by type of dust,
However, increase in concentration levels of dusts
significantly reduced LAl im both the years of study.

Number of tillers/m row length indicated non-

signi ficant effects of types of dust during 1987-88
and upto 45 DAS during 1988489, Iuring 1988489, cement
and kiln dust significantly decreased number of tillers
over soil dust spplication st 60, 75 and 90 DAS,

The effeets of concentration levels of dust
applications wvere signi ficant, The number of tillers
decreased with increased levels of dust applications,

The dry matter(s/u’) was significently lower in
cement snd kiln dusts than soil dusts spplicaticas,
The dry matter/m’ significemtly decreased with
inecressed concentrations levels of dQusts,

Cement and soil dust applications showed similar erop
growth rete (I/Iz/d.y) at most of the stages of growth
during both the years. Kiln dust spplications recorded
sizni flcantly lower CGR value during 60 te 75 DAS
while significantly higher COR was noted during 75«30
DAS in 198889, The increased concentration levels

of dust signi ficantly decreased crop growth rate.

Mexi mim reduction was observed at 5.0 g/u.
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8)

9)

10)
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The cement dust spplications showed signi ficantly
hgher "GR at 25«40 113 and 3045 DA growth stoge
during 1987-88 and 198389 respectively, At rest of
the stoges, 1t showed lower "CR velue than soil dust
applications, 7{ln dust spplications showed

signi ficantly higher RGR during 75«90 N43 snd lower
RCR walue during rest of the growth steges. The mean
RGR value under dust free environments were lower than
dust polluted environment,

The lower NAR values were recorded under dust polluted
environment, The plants srowing under dust free
environment recorded Mgher NA' values, NAR graduslly
decreased with increased concentration levels of dust
applications. 'inimum NA was observed at 5.0 g/e°

concentration levels.

5011 dust applications showed signi ficantly higher
chlorephyll contents then cement gnd kilm dust
applications, The chlorophyll content signi ficantly
decreased vith increased concentration levels of all
dusts,

7011 dust recorded maximum biomass while kilm dust
noted minimm biomsss (g/o”). Coment dust showed
intermediate biomass (g/u7). The biomass significently
decreased with increesed concentration levels of all
dusts.
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12)
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1h)
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“oil dust reeorded significently higher ears/s’ tham
cement and kiln dust spplications, Madmm ears/n’
were recorded under dust free enviromment., The ear
nusber sizni ficantly deereased with increased
conecentration levels of dust pollution,

Number of spikelets/earhead were significantly higher
under soil dust polluted environment, Kila aad
cement dusts showed significantly lower spikelets/
earhead as compared to soil dust polluted environment,
The spikelet /earhead graduslly decreased with
ingreased concentration levels of dust,

Thousand grain welght of wheat was significently lower
under cement and kiln dust polluted environment than
soll dust, The 1000 grain weight vas signi ficantly
lover under dust polluted environment than control,
Maxioun reductions in 1000 grain weight was observed
t 5.0 g/5° dust concentration.

Crain ylield ef wheat was significently reduced under
cement snd kiln dust polluted environments over soil
dust polluted environment, HMHaximum ylield was noted
under dJust free environment, Yield of wheat significe-
ntly decreased vith every incregse in concentrations
levels of dust, Finimusm grain yleld was observed at
5.0 g/’ dust level.
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16)
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18)

e 116 o,

FMean harvest index wes Mgher under soil dust
polluted environment, Cement dust recorded lowest
harvest index, larvest indices at different
concentration levels of dust pollution were

signd ficently lower than control.

Seil, cement end kiln dust pollution showed negative
associations wvith yleld, yleld attridbutes and
physioclogicsl parameters, RGR and NA® indicated
nonesigni i cant association with dust,

The percent elasticities deternination indicated
maximue detrimental effects of cement dust followed
by kiln dust and least wvith soil on yield, The
detrimentsl effects of dusts wvere mainly om number

of oﬂ/i'. number of grains/esrhead, uo-ull’.
chlerophyll content and rate of trenspiratiom.

The path co-efficient indicated higher direct effects
on spikelets/earhead and nusber of ears/s?, Fest of
the characters showed lower direct effects, The total
indirect effects of these charascters were much higher.
The dust pollution exhibiting lower direct effects had
affected yleld through other characters, The effects
of dust pollution on most of the characters were

neg ative,
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19) Meximum ACR showed greatest direct effects on yield,
Rest of the characters showed lower direct effects
snd Mgher indirect effects, Chlorophyll content

and rate of transpirstion vere much influenced by
dust pollution,
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APPENDIX T
Linesr rezressions of yleld, yleld attributes snd physiolow

gical charscters of wheat under influence of 4ifferent types
of dusts,

;r. Chersgters(Y) a ® 5% & a2
O

S3eil dust
1. Tiela/e? 269,43 = 7.927 4,126  0.124
2. Thousand grain weight 36.3% = 0.46hes 0,074 0.603""
B 16,96 = 0.319 0,166 0,124
&, No.of grains/earhesd 58,53 « 1.863 0,959 0.127
5. No.of earhead/e? 273,02 - 64889 5,299 0,061
6. Mex, LA 4,28 - 0.045" 0.020 o.vss:

7. domass welght/s? 646,60 =19.455°" 4.05 0.387"°
8, Chlerophyll content 3,03 - 0.#48" 0.015 o0.789""

9. Tramspiration 4,25 = 0.201"" 0,046 0,516
10, Max, RGR 0406 04001 04003 0,007
11¢ Maxe HAR 163 = 0,029 0.039 0.021
Coment dust
1. Tielda/u? 263,11 -11.460"" 3627 o0.277""
2, Thousand grein welght .75 = 0.609"" 0,093 0.620""
3. No.of spikelet/ 16,72 = 0.376° 0.967 0.463"
earhead . »
b, No.of grains/esrhead 59.04 . 2,491 0,9%9 0,210
5. Wo,of earhesd/uw” 272,00 -11.446" S5.0% 0.166"
6. Vax. LAT 4,28 - 0,073"" 0,023 o0,289""

7. Momass weizht/n® 646,11 -28,3%"" 3460 0,721
8, Chlerophyll contenmt 2.9 - 0.154"" 0.016 o0.781

9. Transpiration 6,19 - 0.316"" 0.083 0.679""
10, Max, TOR 0.06 0,002 0.003 0,021
11, Max. NAR 1.84 « 0,049 0,049 04,037
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sppendix T contde

sr, Characters(y) a b st s RE
Kiln dust
1. Tiela/u’ 297,93 =11.726** 0.909 0.922™
2, Thoussnd grain welght 6,89 . 0,238 0,181 0,109
L n.:;g .:pu-ut/ 15.59 - 0.381"" o0.0% o.802""
4, No.0f grainsfesrhesd 50,38 - 1.745"" 0.297 o0.822""
S, Ho.of earhesd/n’ 316,02 =12.941"" 1,945 0.901""
6. MaxoLAT 4,08 - 0,0h6" 0,020 0.271"
7. Blomsss velght/sf 671,30 =~28,606"" 2,769 0.884""
8, Chlorephyll content 2,64 « 0,070 0,017 0.559""
9. Transpiration 4,32 _ 0.292"° o.082 o0.779""
10+ Max. RGR 0405 = 0.001  0.001 o.sos:‘
11. Max. HAR 1033 = 0,047 04012 04517
} AH. In'! HL‘ lﬁ -e
1. Tield/ 273,30 =10.%5 2,855 0.224
2. Thousand grain welght 35.79 - 0.478" 0.068 o.408""
3 l!o.g:uulet/ 16,52 = 0.355"" 0,096 0.163™"
e
4o Hoeof grains/earhead 57,07 = 2.081"" 0,553 o.\":
5. No.of earhesd/u’ 282,18 «10,006"" 2,966 0.140
6. Max LA 4,26 - 0,056 0,013 0,26
7. Momass welght/u’ 651,90 2.2 2,476 0.5%2"
8, Chlorophyll cemtent 2,91 = 0.133"" 0011  0.671
9. Tremspiration bo2h - 0,282" 0.026 0.619"
0. Max, 2R 0.06 00,001  0.002 0,007
11e Max. WAR 166 = 0,069 0,027 0.032
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Vy vuthu- data for the year, 1987+53 and 199839 recorded at Asricul ture Meteorology Observatory,

.K'

H = Normal

A = Actugl
Bk e i m R e —
week J !
No. ] A N A ] A N A N A
;.. - ;.- T - ;c by S5e ° 6, 7. 8. S 10, 1. 12.
40 17 Cet.,1987 17,7 26,8 33.9 32,9 18.9 22,3 80 84 kb 56
b1 Beth 8,5 040 %7 Wb 19.6 19,0 ™ 76 ] 28
42 15.29 1.8 75 3.5 33,9 18,5  20.9 71 81 4 13
43 22.28 1246 040 33,4 33,9 17.6 13.4 73 6k 35 22
Lh 29«4 Wov, 3.6 0.0 32,7 .7 16,6 15.2 70 72 0 26
45 Se11 2.4 040 32,6 32.2 15.0 4.8 69 63 27 »
46  12.48 0et  th8 32,0 30,0 1,0 19,6 68 78 23 52
L7 19«25 173 38,2 3144 304 heq 15.4 72 ¥ ] 32 ko
L8 26.2 Nece 115 040 29.6 3241 13.8 12,1 74 80 36 24
49 39 0e9 040 29.2 30.2 12,6 10.2 71 72 3 26
50 10=16 101 Te2 29.4 27,6 108 14,6 70  8h 26 51
51 17-23 01 040 2943 7.5 10.9 6.6 68 70 29 27
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Te 2e e be Se (78 Te e Te 10 11 12.
,’o ”'31 1" 0.0 29.8 20.5 '0‘9 B.B 65 72 28 ﬂ
1 1-7 Jenuary,1988 1,7 040 29,4 29,9 1045 %1 63 71 27 28
2 Bt 00 0e0 29,9 307 11.1 11.9 63 7h 25 31
3 15=-21 140 040 3041 3244 11 1241 60 68 24 26
4 2228 2.7 040 3040 3247 117 13.6 65 69 27 26
5 29«4 Februery 1e1 040 30,6 33.8 12,0 1049 56 67 24 19
6 Se11 he7 040 30e7  Bhe2 1144 9.9 53 56 22 13
7  12-18 0.2 0.0 3246  33.7 13.3 15,8 51 66 21 23
8 19=25 heq 00 3345 Fe3 et 159 55 L5 23 4
9¢ 26eh March 1.7 Qa0 3.0 3.9 15.5 1.1 46 43 16 17
10 S-11 2.5 D0 3e1 .6 16,6 1741 39 46 1 19
11 12«13 0.9 040 37.6 8.3 17.5 2040 3 42 4 18
12 1925 040 040 b b 191 135 31 ;] 1] 7
&40 1.7 Oct, 8 177 1530 339 et 18,9 24,4 20 88 [ 69
49 Bat4 845 040 3,7 31.8 19.4 16,5 75 84 > 57
42 1524 8 0.0 3,5 3,2 18,5 15,9 777 = 2
43 22.28 12,6 040 I3k 344 17.6 13,2 75 79 7 29
hh 29«4 wov, 3.6 90 32,7  31.9 1646 171 70 82 0 37
45 Se11 2.4 0.0 32,6 30.5 1%.0 11.6 69 ] 27 28
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: PR T % LY 5. g, Te 8. T, 0. Tie 12
46  92-18 0u1 040 32,0 3142 #.0 9.3 68 ) 28 22
47  19-25 17.3 040 3144 3140 4.1 12,6 72 71 32 25
48 26.2 reas, 11.5 040 29,6 29.7 13.8 9.4 74 68 % 25
b9 3.9 0.9 040 29,2 W.? 12.6 91 71 66 31 25
50  10w16 101 he2 29,4 28,9 10,8 Suh 70 76 26 28
51 17-23 0e1 040 29,3 0.6 1049 8.5 6e 71 29 2
52 2bw31 1.3 040 29,8 29,6 20,9 1.2 65 80 28 26
1 4«7 Jan, 1989 1.7 040 20,4 %0.6 10.5 9.0 63 59 27 24
2 Beth 0.0 040 29,9 29,4 1.1 101 63 68 25 29
3 15-21 1.0 040 el 0.7 11.4 2.7 L 65 24 22
&4 22.28 2,7 040 300 3.2 11.7 1.8 65 ch 27 25
S 29«4 Fob, 1e1 040 30,86 34,0 12,0 9.2 56 50 2k 18
6 S5e11 L7 040 3047 33,6 114 1.5 63 55 22 17
7 12-18 042 040 32,6 33.0 13.3 12.1 51 5h 21 18
8 19-25 ko1 040 33,3 31.5 15.1 7.5 85 L6 23 1%
9 26-4 March 1.7 04,0 35.0  37.1 15.5 15,2 be 43 16 12
10 Se11 2.5 12,0 3641 3.5 16.6 177 » 61 * 33
11 12-18 0.9 040 37.6 35.3 175 16,7 b 62 % 21
12 19.25 040 2.2 39.4 37,5 19«1 20,3 » 60 1" 28
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ust deposition exhibited negative esssociagtion
with growth, physiological yleld snd yleld comtributing
characters, rercent elasticity =nd percent contribution
determinations indicnsted greater indireect effects of
dust pollution (through other characters) i.e, by

affecting major morphoephysiolonical paremeters,




