STUDIES ON ROOT-KNOT NEMATODES
IN RELATION TO ENVIRONMENTAL
POLLUTION

M. Phil. DISSERTATION

Mujeebur Rahman Khan

1987



STUDIES ON ROOT-KNOT NEMATODES
IN RELATION TO ENVIRONMENTAL
POLLUTION

DISSERTATION SUBMITTED TO THE
ALIGARH MUSLIM UNIVERSITY, ALIGARH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

fMagter vf Philosophy

BOTANY

Mujeebur Rahman Khan

DEPARTMENT OF BOTANY
ALIGARH MUSLIM UMNIVERSITY
ALIGARH {INDIA)

1987



[ERI8RGHA

DS1157



To Ammi



Dr. M. WAJID KHAN

M.Sc. (Ben.}, PR.D. (Alp). F.LS..FPS I
READER
Principal Investigator
CSIR Project— Airpollution-animate

plant pathogen interactions
ICAR Projeci—Root-knot nematodes
UGC Project -—-Cucurbit powdery mildews

Plant Pathology and Plant Nematology
Laboratories

DEPARTMENT OF BOTANY

ALIGARH MUSLIM UNIVERSITY
ALIGARH-202 002, INDIA

Ref No...... ... Dated. AUBUST 18,1387

CERTIFICATE

This is to certify that Mr. Mujeebur Rahman Khan
has prepared this dissertation as required for M.Phil
(Botany) degree of the Aligarh Muslim University under
my supervision and guidance, He is allowed to submit
this dissertation for evaluation in partial fulfilment

of the requirements for the degree of M.Phil, in Botany.

QA=

( M. Wajid Khan )
Research Supervisor



ACKNOWLEDGEMENT

Immense pleasure, 1 feel, in expressing my sound
perception ol gratitute and esteem to Dr. M,.,Wajid Khan,
Reader, Department of Botany, Aligarh Muslim University,
Aligarh, my supervisor, for suggesting the problem,
vigilant guidance, consistent encouragement and critical
suggestions throughout the preparation of this disser-

tation.

A grateful acknowledgement is made to Prof, Khalid
Mahmood, Chairman, Department of Botany, Aligarh Muslim
University, Aligarh for providing necessary laboratory
facilities. Thanks are also due to Prof, Abrar M.Khan,
Professor Emeritus, Department of Botany, Aligarh Muslim
University, Aligarh for his encouragement and valuable

sugzestions,

I also wish to express thanks to my friends and

colleagues for their cooperation and help,

I am also indebted to my parents, brothers and
sisters for their affection, support, care and encourage-
ment which have been a great source of strength to me

throughout my studies,

Finally, I beg to express my gratitude, thanks,
appreciations and indebtedness to ALMIGHTY ALLAH for
providing and guiding all the channels to work in

¢ohesion and coordination to make this study possible,



TABLE OF CONTENTS
Page

INTROODUCTION seeonssssassoctnsnesccasacsnsssnossnns 1
LITERATURE REVIEW evvvesenocosvosvescnoseossornnas 17
MATERIALS AND METHODS sevnvssesrovovescnsroonnvsne 3:

1. Collection of Meterological Data eeceesseas 37

2e Collection of Base=1line Data on aAir
E"Olll:tion [ I B B NN CBE N N CEE NN RN RN N RN K NN RN R N RN RN RN ORE CEE NN RN N RN R Y NN B NN ) 83

3, Impact ol Ambient Air Pollution on
Vegetable CI‘OpS G 8 8 8 8 8 &0 & 088 % %8 k&S AP0 E RS AN 99

4, Air Pollution SymptomS eeeceesesscsecscnses “9

5. Physical and Chemical Properties of

501] aeeesassanasasassesesesnssasscsscscnny 100
6. Survey and ColleCtion sevessesscrsssesccses 107
as Pure culturing eceesessscssrsesssasacns 110
b. Preparation of inoculum s.eeeesesncccss 110

c. Identification of species and races ,.. 111

d. Fecundity # 0 S 8 8 & & & B F S BB A AR 11“
e, Morphometric sStudies sesessccesersssces b

7¢ Plant ANElYSIiS seesesescesscaccscevassnssns M
a. Estimation of chlorophyll ¢ontent ..... 11%
b, Estimation OFf NPK gesvecesscesnarcncans P16
8. Physiological Studies ............;........ 120
9., listopathological Studies ssvesessseroerano 120

%FE%IJCES LI I T T I R T TR T RN R I I O D R I O I YU IR IR BRI I I ] 130

(i1)



Table

2

3

LIST OF TABLES

Interaction of Meloidogyne species with

Othef plant pathogenS [ B B I B I I O R R O B N B R N B I

Interaction of sulphur dioxide (802) and
plant pathogenic fungl sesscsessecscesscsocces

Interaction of fluorides and plant patho-

genic fungl and VIruSeS seeeesecssssscssascns

Interaction of ozone (03) and plant patho-

genic fungi LS E LGP EP I IPIIELEINIILELUENRROIOEAGILIS

Interaction of acid rain with plant patho-

gens I I N A I A I RS R B R N N N B R R R B N NE N O N N R RN N R B R

Interaction of sulphur dioxide (SOZ) and
plant pathogenic bacteria and viruSes eseeeses

Interaction of ozone (03) an¢ plant pztho-

geniC bacteria T R R R L E N E N R I A A I
Interaction of ozone (03) and plant viruses..

Interaction of air pollutants and plant

paFaSitiC nematodes P T T R

North Carolina diffsrentizl host=test reac-

tion Ghart TR R R R N N N AN N I N I A R A Y

(iii)

Page

u6

i
On

58

64

75

113



LIST OF FIGURES

Figure | Page
1A ligh Volume Alr Sampler sescececsssssese EOA
1B Handy AIr Sampler eoeiesessscssssesessses B34
1C Dynamic State Exposure Chnambers cseseses O3A

(iv)



INTRODUCTION

Man since his existence is aware of the problems
of maintaining himself and his descendents on earth. In
early days of the human civilization, supply of sufficient
food and shelter were the basic needs. But in modern
times, waste and endproducts of modern man's activities
are raisin: serious threats to his existence, tIn the
process of modernization, industrialization and urbani-
zation, man has created serious problem of environmental
pollution which is disturbing the ecological balance,,
Insatiable quest of man to improve the quality of his
life has resulted in a situwation in which his own survival
seems to be in danger. For a modern living of world's
teeming population, a better and more food, dewelling
units and industries are rather essential. This would
further aggravate the already existing state of the environ-
mental pollution, The time has reached when the modern
world must become more acutely aware of the insidious
alterations in the quality of the environment and of the
serious consequences of these alterations. A huge amount
01 toxlc materials originating from many different kinds
Ol inuustries and from other human activities are indiscri-
minately thrown outl as wastes into nearest convenient
environment (air, water, soil). These toxic wastes in

excess, exceeding the normal self-regulating capacity of



atmosphere, lead to pollution, Hence pollution can be
defined as "undesirable addition of toxic substances in
excess and beyond the self-regulating capacity to atmos-
phere, which adversely affect human or plant life directly

or indirectly",

"The toxic substances, responsible for pollution
are termed as "pollutants", Environmental pollution is
basically of three types viz. air pollution, water pollu-
tion and soil pollution. ¥Wood (1968) classified air
pollutants basically in two categories based on their
origin i.e, primary air pollutants and secondary air
pollutants, Primary air pollutants are those that origi-
nate at the source in a form toxic to living organisms.
Such air pollutants may be in gaseous or particulate forms,
Gaseous air pollutants are sulphur dioxide (502), oxides
of nitrogen (NOx), hydrogen fluoride (HF), ammonia (NHB)’
ethylene (02H6) etc, Particulate air pollﬁtants are coal
dust, cement dust, flyash, suspended particulate matter
(SPM) etc. The secondary air pollutants originate from
the reactions between primary air pollutants that origi-
nate from the source e.g. photochemical pollutants like
peroxyacetyl nitrate (PAN) and ozone (03). Some gaseous
air pollutants like S0, and NOx in high humid conditlions
are converted into acids (H2504 and HNO3) which fall on
the ground in form of 'acid rain' during the atmospheric

precipitation (Oden, 1968). )



For the proper and healthy growth of the plants,
certain ranges of environmental factors like water, air,
light, temperature, bumidity, minerals etc. are necessary.
Over 90% biomass of green plants is derived from atmosphere,
Air plays pivotal role in the quality of atmosphere which
in turn has over-bearing effect on the health of the plants,
because major part of the plant body remains exposed to
air, Therefore, in the vicinity of industries and bhusy
trafific roads where air becomes polluted by release of
toxic materials into the atmosphere, there is real possi-
bility of air-quality effects on plants., Plant leaves
which are mainly involved in photosynthesis, a process
responsible for sustenane of the whole plant body, are much
vulnerable to air pollution damage. !'Air pollutants
adversely affect plant life directly or indirectly and
reduce the yield (Mudd and Kozlowski, 1975), Gaseous air
pollutants enter the leaves through stomata by absorption
or adsorption and cause injuries directly in the leaf

tissue or interfere in biochemical reactions (Pell, 1979). '

Particulate air pellutants like soil dust, coal
dust, cement dust, flyash, etc, mostly fall and deposit
on the leaf surface and block the stomatal cavities form-
ing a thin laye? on the leaf surface. This hampers
transpiration and checks the transmission of solar

radiation (Darley, 1966), The acids (stoa and HN03)



either directly injure the plant parts or indirectly
through soil harm the root system. Air pollutants affect-
ing physiology and biochemistry of the plants, induce
visible symptoms like chlorosis, necrosis, early senes-

cence, stunting etc. (Heagle, 1973). ’

"Soil and water pollution can be defined as undesi-
rable accumulation of residue of various organic or
inorganic materials in soil or water as a result of man's
activities (Cole, 1969), Industrial effluents and waste
water are mostly discharged into nearest convenient
environment like soil, water etc, causing their pollution.
The effluents éontain toxic substances which cause harmful
effects on plants, animals and microbes. In most of the
cases heavy metals have been found to be the major part
of the toxic substances, Soil pollution due to heavy metals
like Hg, Pb, Co, Cr, etc. have now been well recognized
through out the world, Refineries, metal smelters, caustic
soda industries, paper mills, power plant discharges, soap
factories, fertilizer industries, electroplating units

etc., are mainly responsible for heavy metals pollution.

Industrial effluents, domestic waste materials and
sewage water are discharged into land and rivers, which may
reach to crop fields, The effluents and waste water con-
taining a number of toxic substances when reach in the

rhizosphere are absorbed by root and toxic substances



accumulate in different parts of the plant (Westing,1969).
The effluents and wastes either directly injure the root
when come in the contact or indirectly impair the plant
growth due to accumulation in different parts., Major
portion of toxic substances of the effluents and wastes
is shared by heavy metals. Adverse effects of the indus-
trial effluents containing heavy metals on the crops of
beans, pea, wheat, tomato etc. have been demonstrated

(Ajmal et al., 1984; Ajmal and Khan, 1984).

Root=-knot nematodes (Meloidogyne species) are one

of the most devastating group of plant parasitic nematodes,
as they have exceedingly wide host range and interact with
other plant pathogens synergistically, causing greater
damages to an array of plants, Sasser (1977) summarized
the occurence of root-knot nematode species in different
parts of the world. Meloidogyne incognita (Kofoid and
White, 1919) Chitwood, 1949; M.javanica (Trueb, 1885)
Chitwood, 1949; M.arenaria (Neal, 1889) Chitwood, 1949

and M.hapla Chitwood, 1949 are most widely distributed
species, M.,incognita is the commonest and most wide

spread and attacks crops outdoors as well as in greenhouses,
Many plant species suffer considerably due to its attack
(Lamberti, 1979). General estimates for the losses of the
vegetables in different regions of the world due to root-
knot nematodes varies from 11-25% (Sasser, 1979).



In nature, plants are exposed to a variety of
biotic and abiotic pathogens and plants often suffer from
more than one disease at a time. Synergistic interaction
between biotlic pathogens particularly between plant nema-
todes and other plant pathogens have been recognized on
many different crop plants (Powell, 1971). Root-knot
nematodes also interact with a number of fungal and
bacterial plant pathoegens. Interactive effects are
generally non-beneficial to the host, Interactions between

root-knot nematodes and several root=infecting fungi like

species of Fusarium, Rhizoctonia, Pythium, Verticillium,

Sclerotium, etc, are well established (Powell, 1971, 1979;

Khan, 1984)., In nature interactions between biotic plant
pathogens and air pollutants (abiotic pathogens) may also
develop under specific conditions (Pell, 1979). This

type of interaction has received very little attention

ot all those concerned with the health of the plants
(Heagle, 1973). Some efforts made in this direction has
shown that air pollutants influence the ability of viruses,
fungi and bacteria in causing diseases in plants (Heagle,
1973). Kozlowska (1981) observed the harmful effect of

industrial dust on the nematode, Panagrolaimus rigidus.

It has been observed that in soyabean plants, exposed to
03 and 30, singly or in combination, the reproduction and

development of Heterodera glycine and Paratrichodorus minor

was inhibited, while Balanoliamus longicaudatus remained




uneffected, However, reproduction of Pratylenchus

penetrans was enhanced, when exposed to 502, in compa-
rison to the plants exposed to charcoal filtered air or
04 (Weber et al., 1976). The presence of P.penetrans
attacking the roots enhanced the negative effects of 03+
SO, on the leaf growth and dry-weight of tomato (Shew et al.,
1982). Root-knot nematode (M.hapla) infected tobacco
plants have been found to be more sensitive to ambient
ozone (Bisessar and Plamer, 1984). Discernible effects
are expected in multipathogenic situations whereabiotic
pathogens (pollutants) and biotic pathogens (root-knot
nematodes) interact. The impact of air pollution stress
on the development of root-knot nematodes on c¢rop plants

is yet to be investigated properly.

The use of waste water for irrigation may raise
serious problems for plants. Cole et al., (1969) stated
that pollutants of this kind increase the prevalence of
root-diseases and pre-dispose the plants to pathogenic
damage., Cooke (1956) isolated plant pathogenic fungi
from sewage and polluted water. Heavy metals are known
to inhibit microbial activity (Babich and Stotzky, 1982;
Maliszewska et al., 1985). It is believed that poor
growth of the plants grown in such polluted so0il might
be due to reduced activity of the soil microflora which

are beneficial to plant growth in addition to the direct



effect of heavy metals on the roots of the plant,
Bisessar et al. (1983) studied the interaction of heavy
metal soil pollutants like Ni, Cu, Co, etc, and root-knot
nematodes, They observed that when nematode infected
celery plants were transplanted in polluted soil, there
was greater incidence and severity of disease caused by
M.hapla, More recently Khan gt al. (1986), however,
observed adverse effects of mercury on M.incognita.
Nevertheless, effects of heavy metal soil pollutants on
nematodes causing diseases in plants have not received

desired study.

In India, environmental pollution due to various
kinds of industries, power plants, refineries and auto-
mobiles is quite common, These industries release 305,
HF, NOx, NHB’ 03, cocal dust, cement dust, fly ash in the
form of air pollutants and industrial effluents and waste
materials containing heavy metals in the form of soil
pollutants, A number of vegetables are grown around the
industries i,e. in the environment loaded with different
pollutants, So the plants might suffer a great loss in
case one or the other disease becomes more aggressive
under specified polluted conditions. The manifestation
of phenomenon of interaction under such conducive environ-
ment must be examined in relation to crop performancé.)

A Thermal Power Plant is situated at Kasimpur, Aligarh,(U.P.)



about 15 km away from the Aligarh Muslim University Campus
within parallel 27°29! and 28°11' north latitude and
27°29' and 78°38' east longitude at 640 ft, above the sea
level and is known to cause air pollution damage to
vegetation (Gupta, 1981; Ghouse and Khan, 1978, 1983).
Effluents of some industries of Aligarh have been shown

to0 contain heavy metals and their adverse effects on growth

and productivity of various crops like beans, pea, wheat,

tomato etc. have been demonstrated (Ajmal et al., 1984;

Ajmal and Khan, 1984),)

' Pollutants may affect parasitism of root-knot
nematode in different wayé. Parasitism may be favourably
or adversely influenced through a direct effect of the
pollutant on the parasite or the effects may be indirect
through peollutant induced changes in the host plant or
through changes in other aspects of the environment, The
main objective of the proposed work is to acertain nature
of interaction between root-knot nematode and pollutants
(air pollutants, heavy metal soil pollutants) and
interactive effects on the host and root-knot nematodes. )
wWhether the interaction between the two is synergistic or
antagonistic and the interactive effect is harmful or
beneficial to the host or there is no interaction between
them are some of the basic questions that are expected

to be answered by the proposed investigations,
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Vegetables which are most preferred group of host
crops of root-knot nematodes are grown around the Thermal
Power Plant, Kasimpur. "Air pollution due to the Thermal
Power Plant has been found to affect the growth and produc-
tivity of a number of vegetables grown in the area
(Gupta, 1981). So there 1s real possibility of interac~
tion between air pollutants and root-knot nematodes in such
a situations Therefore, it is planned to investigate this
possibility of interaction between air pollutants and
root-knot nematodes on some vegetable crops.y, This would
include site studies as well as glasshouse studies, At
the same time, experiments will also be undertaken to
investigate the possibility of intraction between heavy
metal soil pollutants and root-knot nematodes on some
vegetable crops mainly in artificial treatments under
glasshouse conditions. The following aspects will be

Studied in the proposed research programme for Ph,.D.

1. Collection of meteorological data and base~line data
on air pollution around the Thermal Power Plant
Kasimpur, Aligarh and demarcation of polluted and

unpolluted regions around the plant;

2o Incidence and intensity of root-knot disease on
vegetables in polluted and unpolluted regions in
natural habitat; and analysis of soil characteristics

of samples collected from both regions;



3(a)

(b)

(¢)

4(a)

(b)

(c)

6.

I

11

Impact of air pollutants in ambient air due to coal
burning in the Thermal Power Plant on growth perfor-

mance of some vegetable crops;

Impact of air pollutants on growth performance of
some vegetable crops under controlled conditions in

glasshouse exposure chambers;

Impact of simulated acid rain of different pH on some

vegetable crops under controlled condition;

Interaction of root-knot nematodes (Meloidogyne

species) and air pollutants in ambient air on some

vegetable crops;

Interaction of root=knot nematodes and some air
pollutants under controlled conditions on some

vegetable crops in exposure chambers;

Interaction of root-knot nematodes and simulated
acid rain under controlled conditions on some vege-

table crops;

Effect of soils collected from polluted and unpolluted
regions on growth performance of root-knot nematode

inoculated vegetable crops;

Effect of some heavy metal soil pollutants on growth

performance of some vegetable crops;

Interaction of some heavy metal soil pollutants and

root-knot nematodes on some vegetable Crops;



8.

9.

10,

12

Histopathological and anatomical studies of roots

and leaves of all the above experiments (1-7).

Effects of air pollution and heavy metal soil pollu~

tion on morphometrics of root-knot nematodes;

Impact of air pollution and root-knot nematodes and
their interactive effects on certain biochemical

aspects of some vegetable crops.



LITERATURE REVIEW

Air is an important limited natural resource vital
to animals and plants, The quality or chemical composi-
tion of its minor constituents often varies as a result
of the emission of contaminants from man's activities,
A huge amount of toxic materials originating from diffe-
rent kinds of industries and from other human activities
are released into air, which ultimately iﬁpure our
atmosphere. ‘The toxic materails which are harmful to
plants are ozone (03), sulphur dioxide (S80,), oxides of
nitrogen (NOx) etc. More than a century ago, Cameron
(1874) observed that factory smoke had S0, which caused
disease in plants. In recent years it has been estimated
that crop losses due to air pollutants may be up to 90%
(Heck et al., 1982), Heck (1982) suggested that in
conducting agricultural research, air quality-agricultural
plant ecosystem inter-relationship must be given considera-
tion., Air pollutant which cause diseases in plants are
also termed as pathogens, Different air pollutants injure
different economically important crops and cause yield
losses significantly in them (Darley and Middleton, 19663
Heggestad, 1968; Smith, 1968; Hepting, 1968). air
pollutants also alter the susceptibility of plants to
biotic pathogen 1like fungi, bacteria etc. (Heagle, 1973).
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Air pollutants are grouped in two basic categories,
on the basis of their origin, i.e. primary pollutants and
secondary pollutants. ‘Primary pollutants emanate from
their sources in a form toxic to living organisms, They
are further differentiated into gaseous or particulate
depending upon their forms. Sulphur dioxide (850,), oxides
of nitrogen (NOx), hydrogen fluoride (HF), ammonia (NHB)’
carbon monoxide (CO) etc, are gaseous air pollutants.
~ Coal dust, cement dust, brick kiln dust, fly ash, soil
dust, suspended particulate matter (SPM) etc., are particu-
late air pollutants, > Secondary pollutants are formed by
reactions between primary pollutants e,g. photochemical
pollutants like ozone (03), peroxyacetyle nitrate (PAN),
(Some gaseous air pollutants are responsible for acid rain.
302 and N02 in high humid conditions are converted into
corresponding acids i.e. sto& and HNO3, and during
atmospheric precipitation fall on ground in the form of
‘acid rain' (Oden, 1968). )

Air Pollutants and Plant Diseases

The first report on disease incited on plants by
factory smoke coming out of burning of gases appeared in
1874 (Cameron, 1874), However, study on air pollution
effects on vegetation did not start prior to mid-1940‘s.
A new kind of plant injury noticed in Los Angeles area of

U.S.A., in 1950 attracted interest and concern of all those
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concerned with the health of plants (Darley, 1968)., Now,
there are numerous reports of air pollutant effects ranging
from alternations in plant physiology and biochemistry to
visible symptoms of chlorosis, necrosis, early senescence,
stunting etc, (Heagle, 1973). Guderian et al. (1960)
summarized that as with the pathogenic diseases, the extent
and nature of injury or damage is determined by genetic

and environmental factors as well by the level and duration
of exposure to pollutants. The terms 'damage' and ‘'injury’
are often used interchangeably in air pollution plant
diseases studies, The designation "pathogen" is given to
the living inducers of disease by many pathologists. Put
disease induced by abiotic factors e.g. air pollutant,
drought, extremes of temperature have many features in
common with those induced by biotic pathogens. For this
reason, Cowling and Horsfall {1979) suggested to use term
'pathogen' to denote any inducer of disease, irrespective
of its living or non-living nature. The injury and its
severity due to pollution depends upon the type of air
pollutants, their concentrations in the ambient air and
exposure periods (Barrett and Benetict, 1970; Brandt and

Heck, 1968a and 1968b; Darley and Middleton, 1966).

Gaseous air pollutants (Primary type) - Sources and effects:

Sulphur dioxide (QQQ) :-

Sulphur dioxide, an important air pollutant, also

known as "London smog" has been known to cause plant
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injuries for more than 100 years, It is emitted princi-

pally from the following sources (Wood, 1968)
i) Combustion of coal (6% of the total 502 emission).

ii) Production, refining and utilization of petroleums

and natural gas (20.7%).

iii) Smelting and refining of ores especially copper,

lead, zinc, nickel and iron {7%).

iv)  Manufacturing and industrial utilization of sulphuric

acid and sulphur,

Sulphur dioxide concentration varies from place to
place depending upon the amount and concentration of emi-
ssions, distance from source, meteorological and topographic
conditions. Its concentration is generally inversely
proportional to the distance from source and wind velocity.
Sulphur dioxide concentration near point sources such as
coal burning power plants, smelters etc., with no or little
pollution control equipments may be as high as 1 to 3 ppm.
In large urban areas S0, concentration may vary from 0,05

to 0.40 ppm (Heagle, 1973).

"\Sulphur dioxide induces the development of several
symptoms on plants and plant parts., In leaves its entry
occurs through stomata, After entering mesophyll cells of
the leaves, it reacts with water to produce sulphite ion

which is slowly oxidized to sulphate ion. The sulphate ion
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may be utilized by the plant and converted to organic forms
(Thomas et al., 1944). The sulphite and sulphate ions are
toxic to plant cells when present in excess. The sulphite
ions are, however, about 30 times more toxic than sulphate
ions (Thomas et al., 1943), First case of S0, injury to
plant in U.S.A. was recorded in 1905 by Haywood (Haywood,
1905). Barrett and Benedict (1970) gave an illustrated
account of the symptoms induced by S0, According to them
two types of markings (symptoms) viz. chronic and acute
appear on leaves due to accumulation of sulphite ions. The
chronic markings are generally chlorotic in appearance.
Mild chlorosis, yellowing of leaves, and silvering or
bronzing on abaxial side are the main chronic symptoms. In
some plants red, brown or black coloured patches also appear,
Marginal or inter-costal areas of dead tissue are the acute
symtoms, These areas at first show a greyish green water
soaked appearance but on drying become bleached ivory in
colour. The dead or necrotic areas after a short span of
time may fall out,leaving a ragged appearance of leaf. when
major portion of leaf is so injured, leaf is shed due to
formation of abscission layer at the base of petiole, Low
concentrations of 802 produce chlorosis of leaves without
necrotic lesions and veins characteristically remain green

(Darley and Middleton 1966; Agrios, 1978),

As 502 enters through stomata, day time exposure cause

injury to plants as the stomata of most of the plants remain
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closed during the night (Katz, 1939; Thomas, 1951).
Moisture stress greatly decrease the sensitivity of plants
to qu because under such condition stomata also remain

closed (Zimmerman, 1952).

Generally, net photosynthesis is reduced in all the
plants even at low concentrations of 502. However, dark
respiration and transpiration rates increase in both short
and long exposure durations (Black and Unsworth, 1979;
McLaughlim et al., 1979; Takomoto and Noble, 1982;

Saxe, 1983a and 1983b)}, Plants generally show rapid
recovery of these processes after termination of exposure
lasting upto several days. Several workers have observed
increased enzyme activity in some plants exposed to low
levels of 302 and decreased activity at high concentration
of 502. Plant metabolism is affected by 302 in various
ways. 302 increases enzymatic activity in some plants at
lower concentration and decreases at high concentration
(Horsman and Wellburn, 1977; Soldatini and Ziegler,1979;
Wyss and Brunold, 1980; Pierre and Queiroz, 1982;

Tanaka et al., 1982), S0, stimulates phosphorus metabolism
(Plesnicar, 1983) and reduces foliar chlorophyll concen-
tration (Pandey and Rao, 1978; Lauenroth and Dodd, 1981).
Carvohydrate levels increase in low doses of 302, while

reduced in high concentration (Koziol and Jardon, 1978).
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Due to 802 effects on physiology and biochemistry of
plant, the growth, development and productivity of the plants
are significantly affected. The effects of 802 have been
studied by several workers both on plants in glasshouse
and in ambient air., In open top polythene chambers when
wheat plants were exposed to 0.8 ppm SO2 two hours daily
for 60 days, although no chlorosis or necrosis appeared at
any stage of the growth, reduction in root and shoot length,
number and area of leaves per plant, biomass, number of
srains per spike was observed (Pandey and Rao, 1978). Wheat
plants were less tolerant to 0.1 to 0.6 ppm of SO, doses
than maize plants upto 100 h, Different cultivars of wheat
were sensitive to a varying degree (Laurence, 1979). There
was a significant reduction in the yield of soybean, when
plants were exposed 0.09-0,79 ppm concentration in open air
fumigation chamber, But no visible symptoms appeared
(Sprugel et al., 1980). In groundnut, exposed to 80, at
0,06-1.00 ppm concentration four hours daily for six weeks,
necrosis and reduction in net primary productivity were
observed at 0.25 ppm. Below 0.25 ppm, it was slightly
benifical te the plant productivity., An increase in sulphur
contents of the plant and reduction in nitrogen and phos-
phorus contents were also observed (Mishra, 1980), By
exposing alfalfa plants to 0.03 ppm of S0, concentration
continuously, a slight increase in biomass was recorded by

Lockyer and Cowling (1981). Saxe (1983b) observed adverse
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effects on all plant parts of snap-bean exposed to above
0.1 ppm concentration of 502 for 12 h daily for five days
in a week. Mejestrik (1980) reported that tobacco plants
were found to be more tolerant than cucumber to 0,02 ppm
concentration of S0, continuously for four weeks, Roots
were more affected than shoots of the plants., Flowering
was also significantly reduced. Lostein et al. (1983)
exposed tomato plants to 0,12 ppm concentration 72 h per
weeks, They observed slight decrease in ascorbic acid of
ripe fruit while soluble and total solid contents remained

unaffected,

Oxides of nitrogen (NOx):-

Nitric oxide (NO), nitrogen dioxide (NO,) and
nitrogen trioxide (N,0,) have been recently recognized as
important primary air pollutants., They are produced primarily
during high temperature combustion (Taylor and MaClean,
1970). Nitrogen oxides are produced during the following

processess

i) Gasoline combustion in automobiles, diesel railway

engines and aeroplanes
ii) Petroleum refining
iii) Combustion of natural gas, and coal

iv) Incineration of organic wastes
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v) Manufacturing of sulphuric acid by Chamber's process

and nitric acid

vi) Manufacturing of paints, roofing, rubber, soap and

nylon intermediates

Oxides of nitrogen affect vegetation adversely,
reducing plant growth rate (Taylor and Eaton, 1966;
Capron and Mansfield, 1977), photosynthetic rate (Hill
and Bennett, 19703 Bull and Mansfield, 1974) and fruit
yield (Thompson et al., 1970; Spierings, 1971). There is
direct evidence that N02 « derived nitrogen is absorbed by
exposed plants and translocated throughout plant tissues
(MaClean et al., 1968; Agrios, 1978; Rogers et al., 1979;
Yoneyama et al,, 1980). There is no report of appearance
of visible symptoms due to nitric oxide (NO) (Taylor and
MaClean, 1970), Acute folair symptoms that appear on the
plants exposed to high concentrations of NOZ’ include water
soaked lesions followed by rapid tissue collapse, The
lesions later extend throughout the leaf to form white to
tan or brown coloured irregular necrotic patches, The
interveinal lesions are found to be prominent at apex and
along the margins of leaf (Benedict and Breen, 1955a and
1955b; Middleton et al., 1958; Taylor and Eaton, 1966;
MaClean gt al., 1968)., MaClean et al., (1968) observed,
besides foliar symptoms, high concentrations of NO, causing

abscission of leaves and fruits of citrus and hibiscus,
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In ambient condition N02 affects plant growth, even
at the concentration below 1,0 ppm (Taylor and Eaton,1966),
But Rogers et al. (1979) observed that NO, at 0.097 ppm,
0.152 ppm or 0,325 ppm concentrations in ambient air were

not effective significantly on beans.
Fluorides;:-

Fluoride containing compounds such as hydrogen
fluoride (HF), and silicon tetrafluoride (SiFh) are
important air pollutants (Heagle, 1973). Fluoride is
wide-spread in the earth crust as a natural component of
s0il, rocks and minerals (MacIntire, 1945), Air
pollutants containing fluoride are released from the

following sources (Treshow and Pack, 1970; Heagle, 1973).

i) Aluminium reduction processes
ii) Manufacturing of phosphate fertilizers and steel
iii) Pottery and ferro enamel works
iv ) Refineries

v) Rocket fuel combustion

Fluorides are toxic to plants at much lower concen-
trations than most of other air pollutants. They enter
through the stomata and are rapidly translocated to leaf
tips and margins (Jacobson et al., 1966). Fluorides act
both as a cumulative poision on some plants and accumula-

tive on others (Heggested, 1968), The characteristic
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symptom of hydrogen fluoride is turning the leaf margins
of dicots and leaf tips of monocots light to dark brown,
Actively grown leaves are more sensitive to fluorides
(Agrios, 1978). Fluorides also produce symptoms on leaves,
flowers and fruits. DMNecrotic and chlorotic lesions may
occur, The lesions may be grey or light green at first,
but later on become reddish brown to tan in colour.
Abscission of leaves is also induced by fluorides
(Feggestad, 1968). Fluorides also cause necrosis and
chlorosis in sepals and petals. In some cases, fruits are
more sensitive than leaves, resulting in premature ripen-
ing (Treshow and Pack, 1970). Among the plant species
most sensitive to fluoride injury are certain varieties

of gladiolus, apricots, prunes, peaches, corn,grapes,
tulip, while celery, alfalfa, tomato, tobacco are resistant

to fluoride (Zimmerman and Hitchcock, 1956).

ummua(mg)w

Ammonia originates from ammonia fertilizers, brick-
kiln plants, ceramic¢ and pottery industries, refineries,
cooling plants in cold stores etc, Field injury from
gaseous ammonia has been reported during the use of
anhydrous ammonium fertilizers. NH3 causes acute tissue
collapse in the leaves with or without subsequent loss
of chlorophyll. Leaves show a cooked green appearance,

becoming brown oOr remaining green on drying. The necrotic
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lesions along the leaf margins have been reported in
sensitive species., Benedict and Breen (1955a and 1955b)
observed extensive and widespread injury within 1-2 miles
of the ammonia spill., Complete collapse of leaf tissue
occured near the source. Sevéral sensitive species showed
blackened tissue at distances upto a mile from the spill,
Necrotic areas, bright tan in colour, developed in several
cereals and grasses. Necrotic and chlorotic interveinal
streakings also appeared on plants at some distance from
spill, Some other plants produced glazing with or without
scattered necrotic spots on the upper surface. Several
varieties of peach and apple fruits were adversely affected
by ammonia released in the storage houses, Peaches became
black in colour at the concentration of 400 ppm of NH3
(Brennan et al., 1962). Thornton and Setterstron (1940)
observed significant inJjuries in black wheat, coleus,
sunflower and tomato foliage when they were exposed to NH3
at 40 ppm concentration for 1 h. However, NH3 was also

effective in inducing slight marginal injuries in leaves, '

Qther air pollutants:-

This group may include the pollutants like ethylene,
¢hlorine, hydrochloric gas, hydrogen sulphide, etc., which
are regarded as considerably toxic to plants but their
effects have not been well recognized as yet. These pollu-

tants originate from refineries, chemical and plastic
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industries, glass-making factories, incineration, scrap-
burnings, accidental spillage, combustion of petroleums

etc,

Ethylene (C,Hg) has been found to be effective even
at very low concentration, Davidson (1949) and Darley et al.
(1966) observed injury in orchids at 2 ppm for 24 h and
0.1 ppm for 6 h., Wallace (1927) reported that high levels
of ethylene cause epinasty, chlorosis, necrosis, leaves
and buds abscission and failure of lower buds to open,

Heck et al. (1970) observed that older leaves are more
sensitive to ethylene than the youngers, Heck_et al. (1962)
summarized that cotton, cowpea, black berry, roses, etc,

are most sensitive to ethylene and suffer considerably.

Chlorine effects on plants are confined to the
limited areas, because it originates from the selected
sources, In the ambient condition, chlorine is reported
to cause browning and drooping of the leave of sugar maple
and crab apple; marginal injuries in horse chestnut;
intercostal markings in virginia creeper and blackberry
and bleaching of lower surface of older and middle-aged
leaves (Heck et al., 1970). Bremnan et al. (1965) reported
relative sensitivity of 26 plants species to chlorine,
Among them radish and alfalfa were the most sensitive at
0.10 ppm for 2 h. Petunia and pinto bean required 0,80 ppm

for 4 h to produce symptoms of same severity. It is
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generally recognized that like ethylene, older leaves are
more sensitive to chlorine than the youngers, Mustard,
chickweed, sunflower, radish and alfalfa are the most
sensitive plants to chlorine, Chlorine is found to be

less effective in inducing injuries under low soil moisture

(Benedict and Breen, 1955a and 1955b),

Hydrogen chloride gas is another air pollutant whose
effects are also not studied properly., HCl gas is mostly
found in high concentrations in the areas ol chlorine
manufacturing plants and rocket launcher pads. Most of the
test plants showed the similar effects like that of N02 at
the concentrations of 5=10 ppm for 15=-60 min (Heck et al.,
1980), Swieki et al, (1982) reported that bean leaves

with their cuticular wax were more sensitive to HC1,

Gaseous air pollutants (Secondary types) - Sources and
effects:

Qzone (03):-

It is a typical a secondary type of pollutant formed
by reaction between primary pollutants in the presence of
ultraviolet light (sun light) and hence called as "photo-
chemical pollutant", Ozone is a major constituent of
"Los Angeles smog®™, The most important source of ozone

is the photochemical reactions in polluted atmosphere,



27

Oxides of nitrogen emitted by petroleum combustion (auto-
mobiles industries and utilities) react in the presence
of light {(ultraviolet 1light) with oxygen to from ozone

(Leighton, 1961), as indicated in the following equation,

were M is energy absorber:

Sun light
NO, == NO + O
O+ 0, + M — 03+M
05 + NO == NO,+ 0,
NO, + O — NO + O
2 2 I 3

wWhen incompletely burned unsaturated hydrocarbons are also
present in the poliuted atmosphere, they are oxidised and
this process facilitate conversion of nitric oxide into
nitrogen oxide, in such condition, the ozone level reaches
upto 1 ppm (Wood, 1968), In ambient air high ozone concen-
trations (beyond permissible limit) are found in metro-

politan citles mainly due to automobile exhausts.,

Ozone has been recognized as most destructive
secondary air pollutant, Specific damage to an agricultural
crop caused by ozone was first reported on grapes by
Richards et al. (1958). A year later, Heggestad and
Middleton (1959) documented that the cause of weather fleck,

a leaf spot problem on cigar-wrapper tobacco in eastern
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U.S.A., was due to ozone.

Like the other air pollutants, ozone also enters
through stomata and gets accumulated in palisade cells and
cause bleaching or discolouration of the palisade tissue
. which ultimately results into collapse of cells (Pell,
1979), Expanding middle-aged leaves are more sensitive
to ozone. The foliar symptoms which 03 produces include
stippling, mottling and chlorosis of usually upper leaf
surface, Colour of symptoms varies from light tan to red
colour or almost black depending upon the sensitivity of
the plant. In some plants viz., citrus, grapes, pines etec,
the leaves fall prematurely (Darley and Middleton, 1966;
Agrois, 1978). Many deciduous trees, shrubs and some
herbaceous plants produce localized thickening of cell
walls resulting in dot-like coloured lesions due to ozone
(Ledbetter et al., 1959). Generally, the interveinal
portions of leaves are injured resulting in angular shaped
lesions., Usually veins are not affected except in plants
where pigment formation takes place (Heck et al., 1970).
Mostly woody and herbaceous plants exhibit bleaching of
upper surface of leaves (Ledbetter et al., 1959). 1In the
case of chronic injuries, the epidermal cells collapse and
become colourless, According to Heck et al. (1970) leaves
often develop water-soaked areas followed by drying and

bleaching which result into necrosis on the both surfaces
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of leaf. Ozone characteristically injures only palisade
and mesophyll cells, while the epidermal cells remain
unaffected (Pell, 1979). Many injured cells remain alive,
however, their chloroplasts are disrupted and chlorophyll
contents significantly reduced (Hill et al., 1961),

Ozone produces large light green chlorotic areas with many
irregular islands dispersed in them on alfalfa leaves,
However, in some plants, tissue eventually becomes uni-
formly chlorotic and ultimately leaves fall down
(Ledbetter et al., 1959).

As ozone enters through stomata, degree of sensiti=-
vity of plants to ozone depends upon the density and type
of stomata present on leaf, In the susceptible plants,
during the exposure, the stomata remains open, while in
resistant cultivar, a partial closure of stomata has been
observed (Bulter and Tibbitts, 1979). It has been found
that the stomata of resistant cultivars of bean are ciosed
at even low concentration of ozone (Faensen-Thiebes, 1983).
Engle and Gebelmam (1966) observed that stomata of
resistant onions close even at low concentration of ozone,
They suggested that membrang of guard cells lose their
permeability and leak, thereby closing stomata. The guard
cells recovered as soon as 03 was removed. However, in
azalea, sweet corn, soybean, and tobacco no relationship
was found between ozone sensitivity and the number of

stomata or rate of gas exchange (Gesalman and Davis, 1978;
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Harris. and Heath, 1981; Feansen-Thiebes, 1983}, Environ-
mental factors are also reported to play a major role in

the sensitivity of ozone to plants (Ting and Dugger Jr.,

1968; Agrios, 1978).

The biochemistry of the leaf is also altered by
ozone, Todd (1958) and Todd and Probst (1963) measured
the effect of 03 at 4 ppm for 40 min, on photosynthesis,
They concluded that the symptoms were associated with
inhibition of CO2 fixation in leaf, However, Hill and
Littlefield (1969) observed decrease in photosynthesis at
0.06 ppm concentration of ozone for 1 h. A significant
increase in respiration of pintobean leaves was observed
at 4 ppm for 40 min by Todd (1958) and Macdowall (1965),
They found that during the first hour of ozone exposure
at 0.7 ppm, before the appearance of visible symptoms, the
respiration was decreased while after the appearance of
symptoms, it was enhanced., Some other workers observed
decrease in rate of respiration, when plants were exposed
to 0.06 ppm concentration of ozone for one hour (Hill and

Littlefield, 1969).

The adverse effects of ozone on growth, biomass and
productivity have been studied by several workers in
ambient and glasshouse conditions, Blum et al. (1982)
observed that when clover plants were exposed to 0, of

3
0.06 ppm and 0,09 ppm concentration for 7 h per day for
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two years in field condition there was 14% and 27% reduc-
tion in forage growth respectively during the second year,
while there was 42% root and 24% shoot reduction in clover
when they were exposed at 0,05 ppm, 0,10 ppm and 0.15 ppm
for 6 days after 32 days of seeding. When soybean plants
were exposed to 0,022 ppm and 0,112 ppm for 7 h per day,
there was a reduction of 39% in yield and 12,6% in oil
contents of the seeds. However, protein contents of seeds
remained unaffected (Greenwald and Endress 1984). Pell
et al. (1980) exposed potato tuber plants at 0.2 ppm ozone
concentration in greenhouse and found reduction in tuber
weight while increase in sugars present in tuber was
noticed, Similarly, Clarke et al. (1983) observed ©60%
leaf injuries and 25% reduction in yield of potato tuber
when they were exposed to 03 at 0.3 ppm concentration in
ambient condition. Bennett and Oshima (1976) reported 32%
and 46% reduction in root dry matter of carrot cv,
Inperator-58 at 0.19 ppm and 0,25 ppm of 03 concentration
for 6 h respectively. In cotton cv. Acata SJ=2, there

was significant reduction in biomass and boll production,
when plants were exposed at 0,20 ppm for 6 h.twice a week
(Oshima et al., 1979). Ozone caused reduction in root,
stem and leaf dry matter of pepper. When pepper plants
were exposed at 0,12 ppm and 0,20 ppm concentration for

3 h twice a week, the reduction was 6% and 54% in fruit

dry weight respectively (Bennett et al., 1979).
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Ozone has been found to be very toxic to tomato
plants, There was about 85% reduction in fruit size and
50% in vield when exposed to 0,10 ppm for 20 h (Oshima
et al., 1977a and 1977b)., Manning and Feder (1976)
recorded that Oz was responsible for 86% fruit number and
91% fruit weight reduction in tomato cv, Tiny Tim, at
0,08-0,10 ppm concentration for 5 h per day once in a week
for 5 days. |

Peroxyacetyl nitrate (PAN):-

It is another photochemical secondary air pollutant,
an important constituent of photochemical smog. Peroxy-
acetyl nitrate is formed due to reaction between oxides
of nitrogen and unsaturated hydrocarbons, released mainly
through automobile exhausts, in the presence of sunlight
{(ultraviolet light) (Wood, 1968; Heggestad, 1968;

Agrios, 1978).

0
Sun light
Olefin + NOx —> CH

i
5 COONO,

PAN is especially found around metropolitan areas where
huge amounts of unburned and unsaturated hydrocarbons and
oxides of nitrogen are released through automobile exhausts.
This type of pollution is very common in big cities like
Los Angeles and New Jersey of U.S.,A., where the atmospheric
conditions are conducive to inversion layer formation

(Heggestad, 1968; wWood, 1968).
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PAN also has been found as the most injurious air
pollutant for plants, First report on this pollutant
causing disease to plants appeared in 1940, when
Middleton et al. (1950) observed "silvering" on the lower
leaf surface of many herbaceous crops. The characteristic
symptoms that PAN produces on susceptible plants include
glazing (silvering) and bronzing of lower leaf surfaces
and tendency to produce transverse banding on individuals
leaves (Bobrov,.1955; Taylor et al., 1960). Younger
leaves are injured at their tips and older ones near the
pase (Agrios, 1978). Transverse banding on individual
leaves is related to physioclogic age of tissue. PAN
causes injury first to mesophyll cells near stomata, This
injury separates lower epidermis and mosophyll cells
slightly from each other resulting in glazing and bronzing
of lower leaf surface. In acute injuries, entire leaf
becomes necrotic (Glater et al., 1962), PAN is reported
to cause various types of damage in a number of crops
like romiane, lettuce, swiss chard, pintobeans, petunia,
tomato, african violet, when they were exposed at 15-20
ppb concentrations for 4 h, However, corn, onion, begonia
and cotton are usually not injured at 75 to 100 ppb con-
centration for 2 h (Brandt and Heck, 1968a and 1968b;
Darley et al., 1966; Noble, 1965; Heck et al., 1970).

Dugger et al, (1962) found that younger leaves are

most sensitive to PAN, but Taylor and MaClean (1970)
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observed several day old leaves of pinto beans most
susceptible to PAN. Peroxyacetyl nitrate is known to
inhibit photosynthesis., Taylor et al. (1983) reported
reduction in net photosynthesis in three lichen species
when exposed to 0,05 ppm and 0,10 ppm concentration of
PAN. Sigal and Taylor (1979) observed reduction in yield
of lettuce and swiss chard out of the eight crops they
tested at long term intemittent exposure of 0,04 ppm

concentration of PAN.

Pollutant mixturei-

There are some reports which show that the presence
of 502 in low concentration decreases the injury to plant
caused by other pollutant, Thomas et al. (1952) reported
that the plants receiving Los Angeles air were less injured
than those received same air but passed through water, Los
Angles air had 0,01 to 0,24 ppm 50, while in water passed
air no 30, was present., Haagen-Smith et al. {(1952) observed
that plants exposed to pollutants with 0.1 ppm 502 had no
injury. But injury occured when 802 was absent, Hitchcock
et al, (1962) observed reduced effect of HF to gladiolus
in the presence of hydrocarbons. Menser and Heggestad
(1966), however, were first to observe synergistic effect
802 and O3 on tobacco, Since then, there are numerous

reports on the effect of mixed pollutants which suggest
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that combined effect of pollutants may be synergistic,

antagonistic or additive,

Response of plants to pollutant mixtures includes
visible symptoms of injury, altered growth and development,
physiclogical and metabolic imbalances and accumulation
of certain elements and metabolites, Most important
pollutant mixture are 03+302, S0, +NO, and O3+802+N02.

0 +N02, SO2+HF, SOZ+NaF, N02+HF, 03+H28 and 03+acid rain

3
are also known to cause injuries in plants (Reinert, 1984;

Heck et al., 1986).

Shew et al. (1982) when exposed tomato plants to
0.2 ppm 03, Q0.2 or 0,8 ppm 802 singly and in combination
15 times for 3 or 4 h observed additive effect at O.2 ppm
S0, and antagonistic at 0.8 ppm 502. When lettuce and
radish were treated with O.4 ppm 03, 0.8 ppm SO2 mixture
for 6 h there was antagnostic effect in lettuce and additive
effect in radish (Ormrod et al., 1983). In a study Shertz,
et al. (1980) found increase in leaf abscission and decrease
in foliar injury in grape cultivars when exposed to 0,20
and 0,40 ppm O3 and 0,15 and 0,30 ppm 80, mixture for 4 h,
Foster et al. (1983) observed significant additive effect
in the reduction of growth and yield of potato: when
exposed to 03 with 0.1 ppm S0, for 6 h daily. Soybean
plants exhibited additive, antagonistic or synergistic

changes in foliar injury and in reduction of shoot fresh
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weight when exposed to 0,29-1,0 ppm 03 and 0,50-1.5 ppm
SO, mixtures (Heagle and Johnston, 1979). Olszyk and
Tibbits (1982) recorded reduced foliar injury and unaffec-
ted leaf area, chlorophyll, leaf weight 1n pea exposed

to 0,06 and 0.27 ppm 03 - 0.11 and 1,72 ppm SO, mixture,
Synergistic response in stomatal conductance, antagonistic
in foliar injury and additive in the growth was found

in snap-bean by Beckerson and Hofstra (1979) and Miller
and Davis (1981), Mairie and Ormrod (1984) observed
decrease in fresh and dry weight of tomato leaf and root,
when exposed to 0.05 ppm S0,, NO, mixture, however, no
effect was observed when tomato planiSwere exposed to
these pollutants singly. In soybean cultivars receiving
different treatments of S0,=NO, mixture, the synergistic
response was observed in photosynthesis, stomatal conduc-
tance, chlorophyll reduction; additive in respiration; and
reduction in yield at higher SO, concentrations (Carlson,

1983; Amudson, 1983; Irving and Millor, 1984),
Acid rain ;-

Air pollutants like sulphur dioxide (SOZ) and oxides
of nitrogen (NOx) in high humid conditions by reacting with
atmospheric water are converted into corresponding acids
(HZSOQ and HNOE), which fall on the ground in the form of
"acid rain® during the rain fall, (Oden, 1968), Phenomenon

of rain fall acidification by air pollutant emmissions was
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first noticed in 1757 by Hales in England. However, a
century ago, Robert Angus Smith (1870) was first to observe
its effects.(Cowling, 1982)., Modern attention to acid
rain was focussed since 1948 (Oden, 1968), Rain and snow
in northern Europe and in the north eastern United States
have become progressively more acidic during the past two
decades (Oden, 1968; Cogbill and Likens, 1974; Likens and
Bormann, 1974), Individual rain fall in Sweden, Norway
and eastern United States produced rain of pH 3.0 to 3.6,
The averagé acidity of rainfall in eastern U.S.A. was
estimated to be below pH 4.5 in 1972-73 (Cogbill and
Likens, 1974)}. Sulphuric acid has been recognized as a
major component of the acid substances in the precipitation
both in Europe and North America (Cogbill and Likens, 1974;

Likens and Bormann, 1974).

There are a few reports about the direct or indirect
effect of acid rain on terrestrial vegetation. The most
striking adverse effect was reported on development of
peat moss (Sphagnum sp.), an aquatic plant in lakes and
streams in Sweden, receiving large amounts of acidic pre-

cipitation (Grahn et al., 1974),

Acid rain causes primarily, the acidification and
alteration of water and soil, It has been recognized that
herbaceous plants are more vulnerable for direct acid rain

injury than the woody plants (Heck et al., 1986), Direct
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injury of terrestrial plants by artificial mists of
simulated rain containing dilute sulphuric acid, appeared
in the form of increased leaching of nutrients from pinto
bean and sugar maple seedling foliage (Wood and Bormann,
1974), Soybean and kidney bean plants when exposed to

acid rain of pH 3,2 and pH 6.0 for 17 weeks, intermittently
in the field conditions, no effect occurred on number
of pods, Shriner and Johnston (1981) observed no signifi-
cant effect of acidic soil on fresh weight of shoot, root

or pod of soybean, both in field and glasshouse,

Particulate air pollutants:

Particulates have been recognized a plant-pathogenic
air pollutants for many years, but relatively little atten-
tion has been given to the problem (Wood, 1968). It may
be because of the fact that particulates are not toxic to
plants unless they are high causitic in nature or in high
concentration (Heck et al., 1970). According to Wood (1968)
important sources of particulate air pollutants are as

follows:

i) Combustion of coal, gasoline and fuel oil
ii) Cement production
iii) Lime kiln operations
iv) 1Incineration and soil erosion

V) Burning of plants and plant materials and wrong
agricultural practices
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vi) Volcanic erruption
vii) Transportation

viii) Construction

Major particulate air pollutants are coal dust, lime
dust, cement dust, soil dust particles, fly ashes etc. The
particulate air pollutants are major problems in developing
countries but are not so important and serious in developed
countries (Das, 1986)., Particulate matters adversely
affect a variety of crops resulting in poor growth (Heck
et al., 1970). Dust from different sources settle on leaves,
flowers either as such or in combination with rain drops or
mist to form thick crust (Agrios, 1978). Cement dust is
alkaline in nature and contains calcium silicate, which
further helps in encrustation of dust on leaves in close
vicinity of cement industry (Darley, 1966). According to
Agrios (1978), the affected plants may become chlorotic,
necrotic, grow poorly and even may die., Additional damage
to plants is caused by the toxicity of some of the deposits
on leaf tissue either directly or after formation of toxic
solutions in the presence of free moisture on the plant,
Usually symptoms appear on plants when heavy deposition of
particulates occurs, Many particulates are byproducts of
agricultural practices and usually inert (Darley and
Middleton, 1966; Heck et al., 1970), Colwill et al. (1979)
Observed black deposits on the leaves of the plants grown

along the road-side with highly busy traffic. Such plants
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showed poor growth, There have been numerous reports that
dust of varying origin interfere with stomatal functioning
mostly by filling and blocking the stomatal aperture

(Ricks and Williams, 1974; Fluckiger et al., 1978 and 1979)
increase leaf temperature (Eller, 1977; Fluckiger et al.,
1978) and transpiration (Beasley, 1942; Eveling, 1969 )3
reduce photosynthesis (Darley, 1966) and increase the
uptake of gaseous air pollutants (Ricks and Williams, 1974).
A1l these effects eventually result into poor growth of

the suffering plants, Singh and Rao (1981) studied in a
closed chamber the effect of dust on wheat plants and
observed reduction in transpiration, chlorophyll contents
and productivity. Lime dust particles form incrustations
on leaves of vegetables with a resultant reduction in
photosynthesis, vigour and hardness of the plants

Heck et al. (1970) summarized that particulate emissions
from different sources cause reduction in quality of

vegetables and fruits.

S0il Pollutants and Plant Diseases

Heavy metal soil pollutants - Sources and effects:

Soil and water have been used since long as a most
cheap and convenient place to dump the industrial effluent
and waste materials, These effluents and wastes contain

toxic materials which adversely affect plant life
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(Ajmal and Khan, 1984; Ajmal et al., 1984), Soil and water
pollution have received considerably less attention, while
their adverse effects on plants are as severe as of air

pollution., According to Cole (1969) soil and water pollu-

tants are produced or released from the following sources:

i)} Domestic sewage

ii) Industrial liquid wastes including chemical, paper
and food=processing industry wastes

iii) Animal wastes, both solid and liquid

iv) Water course pollution from sewage, industrial
wastes and agricultural cropland leachates

v) Highway de-icing compounds

vi) Agricultural chemicals including ppesticides and
fertilizers

vii) Mining, building and highway constructions

viii) Land disposals of garbage and other domestic wastes
through sanitary

ix)} Land disposals of industrial wastes through land
fills and soil conditioner=compositing procedures

In most of the effluents and wastes, heavy metals
are found in an amount sufficient enpugh to cause toxic
effects in plants (Schraufnagel, 1962; Ajmal et al., 1984).
Bisessar et al. (1983) found nickel, copper and cobalts
upto 15000 ppm 2000 ppm and 66 ppm in concentration respec-
tively in the vicinity of a nickel refinery. Similarly

some other workers have als=o reported soil pollution due
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to heavy metals near the industries (Hutchinson and Whitby,
19743 Lagerwerff and Brower, 1974)., Gotoh et al.{1979)
reported that mercury is also found in amount sufficient
to cause pollution naturally in the soil derived from
igneous rocks., It has found that mercury is retained in
the soil by its colloidal particles (Katsuhiro and
Shigenori, 1969). Several workers have reported that
mineral mercury compounds, when in excess are transformed
into more toxic organic forms like CH3HgCH3 and CHBHg by
the microbial activity of soil, This phenomenon is called
as methylation of mercuric compounds (Jenson and Jernelov,
1969; Wiadrowska, 1972; Rogers, 1976; Gotoh et al., 1979).
When the trace metals present in rhizosphere are below the
reguired amount, the plants suffer from deficiency. Conver-
sely, when these metals are in excess in soil, the plant
suffer from pollution which results in significant losses
in vield (Valee and Ulmer, 1972), At present,there is
excessive accumulation of heavy metals in soil due to the
technological activities of man (Maliszwska et al., 1985).
fligh concentrations of these metals are especially dange-
rous in arable land. Heavy metals are absorbed by roots
znd translocated to different parts of the plant body
(Baghiri, 1973; Lagerwerff, 1971). The uptake of these
soil pollutants is influenced by soil factors like pH,

cation exchange capacity, availability of phosphorus etc.,
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(Miller et al., 1976). Like air pollutants, heavy metals
alter the physiology and biochemistry of the plants (Tyler,

1974; Vaituzis et al., 1975).

Several workers have reported adverse effects of
industrial effluents, waste materials and heavy metals on
the growth and yield of crop plants (Froster, 19543
Hassett et al., 1976; John, 1976; Agarwala et al., 1977;
Beckett and Davis, 1978; Heale and Ormord, 1982; Ajmal
et al., 1984; Ajmal and Khan, 1984; Hale et 2l., 1985).,
Industrial dairy processing effluents have been found to
reduce the growth of kidneybean and pearl millet (AJjmal
et al., 1984), Ajmal and Khan (1984) irrigated wheat and
pea with effluents from Mohan Meakin Breweries Ltd,
Ghaziabad, U,P. There was reduction in germination and
growth when irrigated with 100% effluents, However,
irrigation with 50% effluents was beneficial to plant growth,
Goodbold and Huttermann (1985) studied the effect of zinc,

cadmium and mercury on root elongation of Picea abies.

They observed that mercury was much toxic in inhibiting
root elongation in comparision of Zn and Cd. Mercury was
about 100 times more toxic than zinc. Similar results were

also observed by Graft and Schwantes (1983),

When high levels of heavy metals are found in combi-
nations, the resulting toxic effects on plants appears more

severe than the single metal (Hassett et al., 1976). Several
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workers have studied interaction of two or more heavy
metals on different crop plants (Hutchinson, 1973;
Beckett and Davis, 1978). Heale and Ormord (1982) studied

the effect of nickel and copper on Acer rubrum, Cornus

stolonifera, Lonicera tetrica and Pinus resinosa. The

visible symptoms they observed on the plants were develop-
ment of interveinal leaf chlorosis, interveinal reddening,
leaf tip blackening, abnormally small leaves and leaf drop.
The symptoms appeared on roots were necrosis, reduction

in lateral roots,stunting and thickening. Growth of maple
and dogwood was severely retarted at 20 mg/lit. Ni or the
combination of 10 mg/lit. Ni and 20 mg/lit Cu. Honeysuckle
was much more sensitive to Ni and Cu than maple and dogwood.
Needle elongation of pine seedlings was retarted at 20 mg/
1lit Cu (Heale, 1980)., However, there was no distinct pattern
of metal effects on pine,

Heale et al. (1985) studied the effect of nickel
and copper mixtures on tomato plants, In all cases both
Ni and Cu had adverse effects on plant growth whether
singly or combined. There was no interactive effect of
metals when they were present in combination, However,
effects were almost additive without any significance.
Nickel was more toxic than copper, as had also been noted
earlier (Froster, 1954), Both metals retarded leaf area
development of tomato plants with Jjoint action, However,

leaf growth was retarded at as low as 0,3 mg/lit Ni and Cu






