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APPROACHES TO AIR POLL
_ RESEARCHES

_*Injury pattern

*Bioindicator/biomonitor plants

-Spatial & temporal variations in air pollutants

*Field transect studies

Air exclusion studies

*Changes in biomass and yield of economically important plants

*Assessment of injury using chemical protectant

-Qose top chaW

~«Open top chamber studies

*Responses to pollutant combinations




tion efiiects on crops;in selected

0O, —= 0- 7%
(40-60 ppb)
SO, and Vegetables 7.8 %
(7 provinces)acid rain Wheat 5.41 %
(south west) Soybean 5.73 %
Cotton 4.99 %
O; (ppb) Green Sensitive
(night 15 pepper "
mid day Rice
max 75) Cauliflower
Aubergine
Taiwan (S) 0, Spinach
Taipei Basin Sweat potato
China, Japan O; Corn
and South 50- 55 ppb  Rice 1- 9%
Korea (1990) Wheat

S
—

o | — a Corn

Rice 2- 16 %
60- 65 ppb  Wheat
(2020) Soybean 28-35%

- * MOZART - 3 O; exposure and yield relationship

Kobayvz;sTliW
(1999)
Feng et al. (1999)

Zheng et al. (1998)

Sun (1993)

Wang and
Mauzerall, 2004)*

Soybean 23-27%




Pollutant (ppb) Yield losses (%)
O 3 * NO ) *%
33-85 23-30 29-47
(6 varieties)

Rice 35-60 | REWA]
(5 varieties)

Soybean
(2 varieties)

Chickpea
(3 varieties)

~ Mung bea”
(2 varieties)
* (53 (6 hd ' seasonal mean)
** NO , seasonal mean (weekly basis)







Minimum Maximum

Triticum aestivum R]|) 50
Horedum vulgare 25 40
Cicer arietinum 10 15
Brassica campestris 10 15
Pisum sativum 40 S0
Zea mays 20 30
Phaseolus mungo 30 50

alnyza sativa R]|) 40

Cajanus cajan ‘J—.-tm_[ﬁ‘“- 20 30
s bt -

A?Sv@um' vulgare 15 20

Sesamum indicum 10 15
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139 76 56
52.8 38 28.8 21.8

11.0 76 69 42
58.3 40.3 36.6 223

764 385 275 152
1.45 2.3 3.1 3.6
(72%) (55.1%) (40%) (31%)
e 71| 259 274
(47%) (43%) (33%) (29%)




S02 concentrations in different areas in and around Varanasi

city
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NO2 concentrations in different areas in and around

Varanasi city

[ summer B winter
[ Jrainy —<annual mean

NO2 concentration (ppb)
N
o

= N W
o O O O
\ \ \

Reference

Industrial Periurban Urban area Rural area
and urban area
area

Sites




—<— annual mean

I winter

around Varanasi city

0 summer

O3 concentrations in different areas in and
[ rainy

O OO OO O0OO0o
OCLUOITOMAN

(gdd) uonenuasuos ¢O

eaJe |einy

eaJje ueqin

eaJje ueqiniiad

eaJje ueqgin
pue [eusnpuj

Eo.JeaddUdld]oy

Sites




I 40 ppb
1 50 ppb
BN 60 ppb

0 -

sinoy Buipaadxa Jo "ON

(@))
c
o
=
©
o)
Q.
ek
(=)
©
©
c
g+ ]
(=)
L0
(=)
<
@)
=
©
Q
(b)
Q
x
()
-
@)
Iu
(©
O
whed
c
(b)
Q
c
@)
(&)
()
c
@)
N
O

£0vo'Y

£0'€0'8C

£0e0'le

£0E0VL

£0E0'L

£0'20'8C

£oco'le

£020'SlL

£020'8

£0Co’L

£010'SC

£010'8L

£0'L00L

£0'L0e

£0cl'ie

[AV KA A

Dates of O3 monitoring






Varanasi

- (viICail 4L I

Site.. Mustard Wheat Pea Mung

Reference area 13.75 * 20.7 * 1151 ° 10.03 *
== | R +0.31 +0.41 + (.28

Industrial and 7.24 ¢ 139 ¢ 4.56 ¢ 5.26
urban area +0.35 +0.67 + (.64 +0.26

Periurban area 11.65 ° 152 ¢ 5.68 ¢ 8.11°"
+0.34 +0.42 +(.38 + (.14

Urban area 1021 ° 142 © 4.96 ¢ 7.29 €

——

- + (.49 +0.50  +0.19 +0.32
Rural area 1355 * 180 " 7.62 ° 834"
+0.26 +0.52 +0.09 +0.11

Waithin each plants values not followed by the same letter are significantly different at p <0.05




Yield (g plant"in selected plants grown at different
sites in and around Varanasi (Mean % 1SE)

~ Site Mustard Wheat Pea Mung

Referencearea  6.03 ° 7.48 * 940 * 6.44 *
== | IRy +0.81 +0.42 + (.61

Industrial and 451" 557 ¢ 58519 1.71 ¢
urban area +0.21 = | R 1Y + (.35 +0.22

Periurban area 497" 624 ¢ 6.63 ¢ 3.78 ¢
+0.32 + (.55 +0.49 +041

Urban area 477 ° 6.15 ¢ 6.37 ¢ 325 ¢
+0.24 +0.49 +0.33 == | IR Y/

D
Ruralarea 567 ° 644" 710" 423 °
+0.41 = | XY +0.49 +0.45

Within each plant values not followed by the same letter are significantly differentatp <0.05




selected plants grown at different sites in and around Varanasi
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Wheat Mung

~ Energy Protein Energy protein Energy protein

Reference 4.32 291.58 3.80 262.00 3.90 287.60
area

Industrial and 3.50 234.87 1.90 186.60 pAR] | 217.00
urban area

Periurban 3.86
area

Urban area M%

Rural area 4.01




VALUE OF YIELD AT DIFFERENT SITES AROUND VARANASI

- - : — -
Sites/Plants Production Economic value oloss
(qha™) (Rs.)

Reference area 29.50 17995.0
Rural area 24.25 14792.5
Periurban area 22.15 13511.5
Urban area 20.60 12566.0
Industrial and 20.50 12505.0
Urban area

Reference area 10.11 13244.0
Rural area 7.20 9432.0
Periurban area 6.66 8724.6
Urban area 5.85 7663.0
Industrial and 6.00 ,MG

Urbanarea

Reference area 23.50 30550.0
Rural area 17.75 23075.0
Periurban ar ea 16.57 21541.0
Urban area 15.92 20702.5
Industrial and 14.62 19012.5
Urban area




POLLUTANTS AND YIELD OF WHEAT PLANTS

Yield (g plant™)
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o 302 vs Yield
O NO3vs Yield
v Ojvs Yield

Y =5.89-0.03 SO5; R = -0.34*; P<0.01
Y =5.78-0.02 NO9; R = -0.25; NS
Y =6.39-0.05 O3; R=-0.45"*;P<0.01

20 30 40 50 60

Mean pollutant concentration (ppb)




POLLUTANTS AND YIELD OF MUNG PLANTS

plant!)
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() 802 vs Yield
®) N02 vs Yield
v 03 vs Yield
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.03 SO92; R = -0.51**;P<0.01
.02 N02, R = -0.40*; P<0.05
.04 O3; r=-0.60**; P<0.01

30 40 50 60

Mean pollutant concentration (ppb)










OPEN TOP CHAMBER (0OTC)




POLLUTANT CONCENTRATIONS AND CHANGES IN
F"L;\, WD P RV IE T s O P T, /-. <
FTLTERED ANL “‘*L)L[ FILTE]

Plantheight (cm plant ) 15.58% (47) 16.52" (38)
Leaf area (cm ’ plant ) 123.68" (36) 127.57* (32)
Number of leaf (plant 'l) 18.00° (22) 19.00° (16)
Biomass (g plant ™) 3.59"  (35) 424" Q27)
N (mgg ' dw) 945" (33) 8.94" (40)
Ca(mgg ™ dw) 7.08* (18) 7.58"  (10)
_Ee(ngo” dw) 215" (22) 239" (17)

' = ——
ﬂhin each grouping, VM&! letter are sign ificant different at p <0.05

c_‘_')&lues-'m parenthesis represent percent increment due to filtration







FETHYLENE DIUREA IN ASSE
0, INJURY

_+EDU EXPERIMENTS

One set of 10 days old plants were given 600 ml of EDU (+EDU) and another set were
given equal amount of water (-EDU)
Treatments were repeated at ten days interval till maturity.

——




treatment in ambient air

Percent increment

Wheat Mung
Reference area 0.2 0.6
Industrial and urban area 4.2 RX

Periurban area

- Urban area — 6.4 w
=5 .

_._"

‘R"ural area







0 ay a
exposed to 70 (T1) and 100 (T2) ppb O, for 4 h daily from germination to maturity

S—————

— = ——

Soybean
Parameters - PK472 HP1209

T1 T2 T1 T2

Photosynthesis 19.8 40.4 . . 29.0

Total chlorophyll

26.6 34.1 . 3 19.8
content

Ascorbic acid content 15.0 15.0 . 4.0 5.8

Plant length 20.0 23.0 . 17 11.6

eaf area 20.0 23.0 pZ X\ 20.1

‘ _Total biomass 19 26.8 20.8*—675

~ Wtof 1000 seeds* 3.0 21.0 ; 18.0  14.0
Yield* 13.9 33.5 25.0 8.0

* At the time of harvest




y= 191 .24!-0.32xg, =o! L Ilel mQ@MT* :

Triticum aestivum M234
y= 216.92- 0.30x;R*=0.721:p<0.01

Glycine max Bragg
y= 194.51- 0.45x; R*= 0.867;p<0.01

0(® « <«

Glycine max var. PK472
y=121.69-0.37x; R’= 0.854; p,0.01
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Ozone concentration

g

Correlation between ozone concentration and yield of
different varieties of wheat and soybean plants




Conclusion
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“Air pollution negatively affects the yield and quality o
crops

Sensitivity of crops differs among species and cultivars

Meteorological conditions during crop growing season
affect the degree of negative effects on growth and yield of
crops

Ozone poses the greatest threat to agriculture

Plants also differ in their response to different air pollutant
combinations
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Recommendations

e
e —

—Expand air pollutant monitoring networks into agricultural
and-forested areas

Need to establish yield response relationships applicable
to different environmental conditions

Develop bioindicator protocols for impact evaluation

Explore high and low risk zones of air pollution Impact in
different regions

Establish realistic air quality guidelines for protecting
vegetation'including crops
p— o







