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ABSTRACT

A fizld experiment was conducted during Habi season 2013 and 2014 2t Industrial arez lagdishpur
(Amethi)and non-indusiris! arez Kumargan] (Faizakad) of Ultar Pradesh Three varisties of potate
namely, Kufri Chandramukhi Kufri Bahar and Kufri Anand were sown in sandy leam zail at
thres dates of sowing viz. 15th Oclober, 1=t November, 15th November in split plot design with
four replications Lesf temperaturs was measured on fortnightly basis with Tele-thermometer
Chisrophyll content was determined 3t 30, 45, 60 and 75 days after sowing {DAS) 20. In industrial
area was measurad uﬁing gas E-EF‘!IPHHQ. device at quality lab of Indogulf Jagdishpur It was found
that Kufri Chandramukhi varisty pessess highest chlorophyll content at 45 DAS sown on 1t
November of both industrial and nen-indusirial area, with the existing maximum concentration
of sulphur dioxide (81.0 mico g/m3) at 750 meter distance from the point source of emission The
maximum chlerophyll in variety Kufri Chandramukhi sown on 1st November in industrial ares
was 20 3s compared to 220 in nen-industrial area Variety Kufri Chandramukhi thaugh possess
highest chioraphyll content both In Industrial and non-industrial areas, 10% reduction in
chlarophyll was recarded in industrial a3 compared to nen-industrial ares dug te pellutants exposure
such a3 SO, 30°C leaftemperature possesses highest chlorophyll contsnt (1 78 mg/g) in Industrial
wherass 25°C leaf temperature possesses highest chlorophyll content (196 mg/a) in nen-industrial
area It is also revesled that leaf temperature of potato crop of indusirial ares is higher a5 compared
to non-industrial area

Keywords: Chloraphy!l ‘Air pollufion, SO_ Lzaf lsmperalurz énd potato

1. Introduction such-as 50,, NOx, stc: (Garg stal., 2001). Until
Crop production is highly dependent upon 1980, alrpnﬁuhuﬂ weas primarily the problem of urban
enviranmental cenditions among which air qualiy and industrial regions in Indiz But in the last two
plays a cantral rele Deterioration of alr quality in ~ decades, due fo changes in pattem of air pollutamt
developing countries like India is due to  emissions grealet pﬂllutﬂﬂlim'p#dﬁhaveaiﬁu baan
urbanization, industnalization economic grewth 3 expatienced even in rural and more remole aigas
well as associated increase in enargy demands  (Gargetal ,2001). _
The major proportions for the gaszous and Anlhr&png&n[t 50. emissions have been
particulate emissions from Industries and inersasing by about 4% annually. This trend
automaobils ars oxides of nitrogen and sulphur and  paraiisis with rise in glokal =nergy consumption.
fiy-ash. Alr pallution was earfier considered as @ SO, emissions have reduced in most of the
local preblem-around large point sources But dus developad and ﬁev&inpmg countrias dus 1o stringant
to uyse of tall stacks and long range transport of  pollution control measures Industrial Soulces.
poflutants, it has become 2 regional problem. The thermal power planis and franspart sectors are
trans-baundary nature of pollutanis was clearly identified as sole confributors for 5O, emissions.
evident in rempte areas where sources of air  Intyease In SO, emissions afe also linksd with
poliution also shewed higher concanfrations of air increase in motor vehicle population (Gurjar st al |
pollutants. Uncantrolled use of fossil fusls |n 2004) Betwesn 1970 and 1980, there was B6%
industries and Iransport sectors has led to the  increasein SO, emission, thereatter the increass
increase in concentrafions of gaseous pollutants:  declined due to intraduction of natural gas as one
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of the fuel sburce The sxpasure oftheze pollutants
results in reduction in the conceritration of
phetosynthetic pigments viz | chlorophyll, which
affects the plant productivity. germination of sesds

length ef pedicles. and number of flowers
inflarescence (Nithamani and Indir, 2005) The
photasynthetic plaments are the most likely fo be
damagsd by air pollution Chiorophyll plaments
exist In highly organized stats and under siress they
may undergo several photochemicgi reactions such
as oxidation, reduction, pheophytinisation and
reversible bleaching (Pucketf. el al. 1973). Hencs
any altaration in total chlorophyll concentration may
change the morphological, physiclogical ang
biochemical behaviour of the plant. Keepingin view
the above information, urban air pollution may be s
sarious threat to agrcuftural produciivily in arsas
around urban centers and there exist variations in
pattern of pollutants due to interactions during
transport the present paper focuses the effect of
20 emissions and their effects on potale crops.

2. Dataand Methodology

A field experiment was conducted during Rabl
season 2013 3nd 2014 5t Industrial area Jagdishpur
& non Indusirial area at instructional Farm of
Narendra Deva University of Agriculture &
Technology, Kumargan], Faizabad (UP ), located
at 25 km away frem experimental site Jagdishpur
Industrial area Jagdishpur is situated in Amethi
district undivided Sultanpur district on the national
highway No. 56 and §3 4 km from Lucknow towards
easi L ocation map of experdmental sit2 shown in
Figure 1 It is densely populated and has heavy
vehiculal traffic. Jagdishpurindustrial area consist
of four main industries ie. BHEL SAIL Arif
Cements, Indooulf Fetilizers as well as many other
small scals industries. Alr pollution has increased
tremandously thatis affecting the proper growth of
plants in its vicinity, The rapid -addition of toxic
substances to environmeant Is responsible for
altering the scosysiem (Niragau and Davidsaon
198&). Plants growing In heavy trafficular area ars
thus sxpesed lo variety of pellutants such as:30,
Geographically Ja gd’lsﬁpur s situated at 260 75
iatitude, B00:58" E longilude and non- industrial site
of Narsndea Deva University of Agriculture &
Technology is situated at 260 47 latitude, £20 12°
E longitude and at an allitude of 113 metar= above
mean sea leval in the north Inde-gangstic plain

Three varietles of polato namely, Kufrl
Chandramukhi V1), Kufri Bahar (V2) and
Kufri Anand (V3) grown in silty/sandy loam seil in
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~split plot design with four replications in gross plot

size of 4x3 em. For the measurement of chiotophyll
4h leaf from the top of petato crops were collected
from both the =itas of industnal and nen-industnal
area. Measurement of chlorophyll content was
mads a1 30, 45 60 and 75 days after sowing (BAS)
The total chiorophyll content was estimatad by the
method of Amon {1949) using Speciranic-20
spaciromater 51 662 nm absorption maxima and
sxpressed g5 mg o-1 fresh welaht for 2ach
vzatment Leaftemperaturz of poiato izaves of both
the experimental sites was measured on forinightly
basis by Tele-thermometer. Measurement of 30,
was made in quality lab of Indo-gulf Fartilizer
industry using gas sampling device (ROS/HVS)
The detalled procedure has bean described in flew
charf shown in fig 2. Avarage temperature of both
the surface of leaves (upper and lower) through the
comntact sensor gives the maasurement of leaf
lemperature. Leaftemperatlre was measurad at
30, 45, 60 and 75 DAS during 2 p.m. in-second
date of sowing of varety Kufar Chandramukhi

3. Results and Discussion

Average concentration of S0. of two years
study 2013 & 2014 during 'crop pariod In Industrial
area af various distance and differant wind spaad
has been shown in Table 1, S0. and other
suspendead particulate matters {(SPM) emitted from
point saurce distributes in the arez depends upon
the wind direction, wind speed and height of point
source of emission. The concantration of 30,
dispersed at different range was calculated using
Gaussian Dispersion formula as described by Rao
(2001). It is revealed from Table 1 thatat 750 m
distarice from source, a significant redoction in tatal
chlorophyll content. The results of this study
indicatad a decline in chlarephyll content in potato
crop growing in indusinal area  Leaves are most
susceptible pans of 3 plant to acule injury due to
their sbundance of stamata. which permit the
penetration of the pollutants into the sensitive
tiszues The first bamizr of gassous alr pollutant is
baundary layel resistance which varies with wind
speed and size shape and orentation of leaves
(Heathetal 200%) Athighsrwind spesd, boundary
layer resistanca declings allowing more pollutant
entry into the 237 The cells most axpesad te ajr
pollutant action are 2pidamal cells, but waxy cuticle
s 3 potential barmiar to most ofthe pollutant gases.
E:htnmphyll centent may differ in differant period of
time under different conditions of pollution strass
and different metecrological conditions: '
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Fig 1 Location map of exp er'lmental site:
Placed 30ml nfabEnrhiﬂg madia in an impinger

Connected it to the gas-sampling maniijd of gas sampling device (ROS/HVS)
Drawn 3ir at a sampling rate of 1 lpm for four hours
Checked the velume of sample %he:and of sampling and record It
Transierred theexposed samples in storage bottle and presemve.
Preparad callbration gmphéﬁ m‘cnmn:lenda'd in method
Taken 10/20 ml, aliguot of sample in 25 ml Vel Flask
Taken 10/20 ml of unexposed ﬁ‘gm'ple in 25 ml Vol Flask (blank)
Added 1 ml Sriphuﬁtai:":id. Kazp it 10 minutzs
Added 2 ml formaldehyde
Added 2 mi::varkhg FRA
Made Up to mark (25 nf.] with distifisd water
Kept it 30 m’rmies for reaction
Sat Zero of spectrop hqt%m-ate: with Distifled water
Measurad abzarbance at 560 nm
Calculated cnnc:entmtqu using caliration graph
Calculated concentration of Sulphur Bioxida in igim’
Fig 2 Flow chart for measurement of Sulphur Dioxide
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Maximum conceniration of 30, was recorded
at all wind speed. Maximum !:unu:ﬁnirahun {8100
7) g/m3 was recorded at wind speed of 2 kmihr
whereas concentration of S0_ was decreased with
different ranges successively followed by 71 30 79/
m3at 1 km/hr wind speed (Table 1) Minimum
concentration of SO, was recarded a1 10,000 mat
wind spead ranged & 30 to 0.85 The response of
stomata to SO, entry is largely dependent on leaf
age. concentration and combination of pollutants
{Pianz et al., 1987) resuits in low concentration of
502 stimulated stomatal conductance in potato ¢rop
within 15 minute of exposure. which persisied for
seyeral days (Black and Unsworh, 1350). This has
been attributad to the destruction of epidermal calis:
adjacent to stomata and accumulation of sulphur
within guard calls Larger stomatal apertures not
anly allow ingress of the damaging pollutant. but
also enhance water foss dus 1o unresiricted
transpiration. Onca S0, enters through stomata
the route 1o the surface of a nearby subsidiary or
spldermal call Iz very short and therefore, the cells
of the epidermis afrz more EUBEaplIh!B Tha
treatment combinatian of threa-varieties with thres
diffarent dates of sowing revealed that P2¥1
cembination racerded highast chlorophyll content
{200 mg/g) in non-industrial arsa at 45 DAS
followed by (1.95 mg/g) 60 DAS. The next
combination B2V3 racorded 1.94 mafg chlorephyll
contamt followad by D1V (1.87 myglg) at 45 DAS
{Table 2) Itis abvious thal there iz ne specifictrend
for lzaf temperature with DAS may be due 1o
variability in weather condition. But chlerophyll
content increased up fo 45 DAS then after slightly
decreased in both industrizl and non-industrial area.
Maximum lzaf temparature 300C was obsarved at
45 DAS in industrial and 280C in non-industrial area
similarly lowest leaf temperature was recorded at
60 BAS 3s comparad to other DAS in both

sxpetimeantal sites (Iindusitial and non-industial
area) The detrimental effects of SO, occur due to
reactions under liguid phases afterthair upiaka in
tha plants: Tha result of this study showsad that thess
i= reduction in 1otal chierophyll content as compared
to non-industrial area In industrial area potato
variety Kufari Chandramukhl has maximum
chiprephyll content and over all the total chiorophyll
was maximum in non-industrial area. Variation of
total Chisrophyll content (mgfg) of potato crop as
afiected by genolypes and different dates of sowing
[DAS) in non-indusirial asea has been shown in table
3. Itis revealed that maximum chlorophyll content
(2.09) was recorded in 2nd date of sowing (1st Nov)
at 45 DAS Variety Kufri Chandramukhi was
recoerded to possess highest chiorophyll (2 04} at
45 DAS and significantly differ with ather varieties
Kufri Bahar and Kufri Anand. Similariy. 2nd date of
sawing (1si Nov) significantly diffzr with first date
af sowing (15th October ) and third date of sowing
(153h November} The lowsst chloraphyll contert
was recordad 21 75 DAS as compared fo 60 and
45 DAS but greaterthan 30 DAS In all tha varieties
and at all dates of sowing. The treatment
combination of three varieties with thres diffsrent
dates of sowing revealed that Kufan Chandramukhi
sown on 1st November recorded highest
chlarophyll contant (220 mglg) in non-industnial
area at 45 DAS followed by (2 15 mg/g) 68 DAS
The next combination Kufari Anand sown on 1si
November recorded 2 13 moglg chiorophyll content
followed by Kufar Chandramukhl sown on 1516
Octeber {2 06 mglg) at 45 DAS.

Ftom the study it was also observed that

‘chlorophyll content reduced in industrial area as

comparsd to non-industrial-arza in all ths varetiss
at all the dates of sowing Third date of sowing (15th
Mov) were recorded fo pessess the lowest value
of chloraphyll content, may be due to more

TABLE 1
Average concentration of SO, (ug/im3) in industrial area at various distance and different wind
speed (mean data of 2013 & 2014) B

Distance (m)=> 100 200 500 750 1000 2000 3000 5000 3000 10000
Wind &

Speed kmph

10 D&E)X10-2 121 4885 3420 1408 130 087 053 033 030
05 D70X10-6 147 5765 4235 2285 18 13 125 078 045
0z 120 X106 220 6850 8100 6410 425 265 185 120 065
M 110X10-6 170 6550 .50 §T7T5 355 235 150 175 065
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TABLE 2
Average leaf temperature and chlorophyll (mgl/g) content of potato crop at different dates of
sowing (BAS) in industrial and non-industrial area

DAS Industrial Area Non industrial area
Leaf temp(*C) Chlorophyll {malq) Leaf temp(iC) Chiorophyll {mala)
£ 29 173 25 1.90
45 30 174 28 125
it 24 1:66 22 1.83
75 29 135 2% 143

TABLE 3
Variation of average total chlorophyll content (mglg) of potato crop as affected by genotypes.
and different dates of sowing

AS) in nondndustrial area

Days > 30 45 60 75
Treatments b

oV, 165 2.08 2.0 170
bV, 155 182 176 190
BV, 150 2.00 1:95 183
D.v. 180 2.20 215 1.80
b.V. 170 124 188 2.06
DV, 185 2.13 207 198
D.V, 166 1.85 1.80 152
D3V2 155 163 158 172
D3V3 151 180 176 169
SEm 2 0056 0064 0.082 0061
CD at5% 0163 0.186 0.180 0.177
D1 157 1.98 1:90 1:83
D2 172 2.09 203 195
D3 157 1.76 1.71 184
SEm 4 0.641 0.056 0.050 0.054
CD at 5% 0.128 0.175 0.156 0.170
V1 1.70 204 1.98 167
V2 160 1.80 174 1:89
V3 155 1.98 1.93 185
SEm ¢ 0,632 0037 0.036 9.035
CD at 5% D.094 D107 0.104 0102

absorptien/depasition of 30, and SPM at 45DAS
on account of calm wind hence less dispersion and
maore depasition. Variety Kufri Chandramukhi (V1)
possesses highest chlorophyll content undsar SO.
exposure s compared lo other varieties: Varisty
Kutari Anand tollewed by Kufar Bahar showed
better chlorophyll content at eithar dates of sowing
excapt 30 DAS hencs may response for better
yield, Therefore Kufri Chandramukhi seems o be
mare resistant ta SO, or SPM for chloraphyll
formation. Variation of averags total Chiorophyll
contant {magfg) of potato crop as affected by
genotypes and different datesof sowing in industrial
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area Nas bean shown in tahle 4 Itis revealad from
the dats that maximum chlorophyll content (196
ma‘g) was recorded in 2nd dats ef sowing (131 Nov)
at 45 DAS. Variety Kufrd Chandramukhi was
racorded to possess highest chlarophyll (1.85 mg!

g} at 45 DAE and significantly differ with other

varisties Kufri Bahar and Kufri Anand. Similarty 2nd
date of sowing (15t Nov) significantly differ with
glther 15th Octaber on first date of sowing and
15th November on third date of sowing. The lowest

‘chlorophyll content was recorded at 75 DAS as

compared to 60 and 45 DAS but greater than 30
DAS in all the varizsties and at all dates of sowing



TABLE 4
Variation of average total chlorophyll content
{mgla) of potato crop as affected by
genotypes and different dates of sowing
(DAS) in industrial area

Days > 30 45 80 75

Treatments ¥

D.V. 150 187 181 154
DV, 1.40 165 180 173
D,V, 1.36 1.82 177 170
D. v 164 200 185 184
D, \.r 164 176 171 187
Vv, 150 194 188 180
D. xf 151 168 183 138
DV, 147 148 144 15
DV, 1.37 164 160 154
SEm =+ 0049 0055 0056 0053
CDat 5% 0147 0165 0166 0157
D, 1.42 1.78 173 166
D. 156 1.80 185 177
D, 143 160 156 149
SEm = 003 0035 0045 0.042
TDat5% 0126 0122 D156 0145
vV, 155 185 180 152
V. 145 163 158 172
v, 1.41 1.80 175 163
SEm+ 0029 0032 0032 0030
CD at 5% 0085 0095 00S6 0090

Graphical represeniation of total chlorophyll
contant with different treaiment combination of
potato varlatisg hasbean depicted from fig. 3to 8
Variation of fotal chisrophyll content (malg) at 45
DAS of Kufii Chandramukhi variety of poiato crop
affected by diffarent dates of sowing has been
sown in fig & similarly for variety Kuiari Eahsr and
Kufari Anand the variation of chlorophyll was
depicted in fig 7 and &, respactivaly Likewise
graphical represantations of total chlorophyll content
with different treatment combinatiens of potato
varietizs ai 45 DAS of different ganotypes at first
dats of sowing (15th Oct) wasshownin fig 3 and at
second and third dates of sowing were shown in
fig 4 & 5 respectively

Maximum content of chloraphyll (2-0 mafg) in
industrial area.and 220 magfg In non-industrial area
was observed in Kufari Chandramukhi sown on 1st
November L&, 10 % reduction of chiorephyll
cantent in induskial area as comparad o nan-
industrial area. Simitarly, minimum chlorophyll
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confantwas recardad In Kufarl Bahar sawn on 15th
Noevember freatmanl combination In both
sxperimental sites of industrial and non-industrial
ares.
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rig 3 Variation of total chloraphyll content (mg/g)
at 45 BAS of different genoiypes of poiaio
crop at first date of sowing (15th October).

L1 5 TRTTHES S

pa i LH
= -
tY

[LTIHTEIE T wapes PRTE aze

Fig.4 Varistion of toial chlorophyll content (ma/g)
dtd5 DAS of diffarant genolypes of petato
crop at second date of sowing (1=t
Nevamber),
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Fig.5 Variation of total chiorophyll content (maig)
- at 45 DAS of diffarent genolypes of potato
crap atthird date of sowing (15th Novamber)
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Fig.6 Variation of total chlorophyll content (mglg)
at 45 DAS of Kufri Chandramukhi potato crop
affectad by different dates of sowing.
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Fig 7 Variation of total chlorophyll content ima/g)
al 45 DAS of Kiifri Bahar potato crop affected
by differant dates of sowing
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Fig 8 Variation of total c:h.umphyll content {mgfg
st 45 DAS of Kufri Anand potatc crop afiecte
by different dates of sowing.

4. Conclusions

Changes in morphological characteristics
photosynthetic pigment and yisld of patato crops
directly corresponded to the levels of air pollution
at different sites: The study elucidated that air
pollution emitted from indusiry adversely affects the
ambient air and agricultural production aswell The
collzcted information based on fisld experiment
concluded that alr pollutanis not only affect the
vegetation near the point sources and urban
centres, but depending upon the meteorology
sp&ma!l.y wind pattem may sprend insuburban and
rurdl areas, affecting the crops also. R-Eﬁpmnsi“- of
planis vary between different species and their
cultivars Re&pﬁn&eﬁﬂf plantsio alr pollistants #lso
depend on type of pollutants, concentratlons
duration and lts magnitude. Théte Is a naad 1o
screen out sensitive and tolerant cultivars in India
and establish the exposure indicass of all the
important crops to reduce the crop loss
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