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RESULTS

3.1.0 AMBIENT AIR EXPOSURE STUDIES - FIRST YEAR

3.1.1.0 Early Growth Studies / -
t

The early growth of cultivars of rice exposed to the polluted environment
near the fertilizer plant was appeared to be adversely affected. The plant height‘
at the age of 15 days was reduced by 50 % as compared to control. However,
30 day exposure to the poliuted environment indicated reduction in the growth
by 10% 1n cv CO 43, 34% in GR 3, and 15% in TKM 9 (Fig.5 a-c). A significant
increase in the number of tillers and shoot dry matter production with reduced
leaf area was also evident in the 30 day old polluted test site plants (Fig.b,

f and e).
3.1.1.1 Later Growth Studies

The growth measurements were taken on 30 (the day on which the
imposition of regimes started}, 55, 70 émd 85 days after seeding. The number
of tillers produced was iremendously increased under the polluted, environment
{Fig. 6 and 7). The increase was 1.7, 0.5 and 1.2 fold under NN of cvs CO 43
GR 3 and TKM 9 at the final harvest, over the respective control (Fig.6). Further,
the production of tillers reached to a level of 11.2 in c¢cvs CO 43 and GR ;\3
under HN regime and it reached a highly significant level of 11.6 in cv GR 3 in
the polluted environment under WS-HN (Fig.6 b and 7 b). On the other hand
the height of the shoot system was markedly inhibited in the test site plants
at all the time of growth in all the re‘gilﬁes {Fig., 6 and 7). The percentage
of reduction in height was 32, 44 and 52 in c¢vs CO 43, GR 3 and TKM 9

respectively, at the age of 55 days. The reduction was 34, 27 and 16 % accord-



Fig. & Effects of ambient air pollution on .
the plant height, tiller numbers, leaf area
and shoot dry weight of three cultivars of
rice at early stages, grown near to and
distant from a fertilizer plant. Vertical bars

represent standard error. Even lines = control

|
and dotted lines = polluted.
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ingly at 85 days as compared to control (Fig. 6 c¢). The imposition of nitrogen
and water regimes did not bring out any significant improvement in the plant

height (Fig. 6 d and 7 d).. The increased tiller formation and reduced plant’

height are clearly pictured at the age of 45 days (Plate 5-16).

The number of leaves in the polluted test site plants was significantly
increased under all the regimes as compared to control at 55 days (Fig.8).
Thc:u‘gh the photosynthetic leaf area also showed an increase in the test site
under normal watering, there was no positive relationship between the area
and number of leaves in thq test site plants. The leaf area of cv CO 43 under
both N levels and GR 3 under WS-HN conditions was reduced in the test site.
Marginal bleachings were evident in the leaves onf all the rice cultivars at the
polluted site, approximately after 15 days and later they progressed towards
the centre of the leaf blade ending in tip burnings, associated with necrotic

areas (Plate 6, 8, 10-16).

The weight of fresh and dry shoot system was determined at the age
of 30, 55, 70 and 85 days. The polluted environment brought about an increase
in the fresh and dry matter accumulation of shoots in rice cultivars (Fig. 9
and 10). At the final harvest the increase in the fresh weight of shoot was
2.’ 1.2 and 1.4 fold of the controls in-‘cvs CO 43, GR 3 and TKM 9 respectively
(Fig. 9 a). The maximum production was evident in the HN regime of CO 43
and GR 3 cultivars (Fig. 9 b). Though the exposure to polution did not bring
any difference in the fresh matter accumulation in the shoot system of water
stressed cv GR Ii, _at i_niiia'l‘s“tag_es, prolonged exposure recorded a significantly

increased fresh matter at the later stages (Fig. 10 a and b). However, there
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Fig., 6 Effects of ambient air pollution on the number of tillers and shoot height
of three cultivars of rice, at later stages under two N levels, grown
near to and distant from a fertilizer plant.



Fig. 7 Effects of ambient air pollution on
the number of tillers and shoot height of
three cultivars of rice, at later stages under
two N levels with 50 % water stress, grown
near to, and distant from, a fertilizer plant.
Vertical bars represent LSD at 5 % level;

A = ¢gv GR3;

.0 = cv CO 43; a

0

X —— X = ¢gcv TKM 0.
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Fig. 9 Effects of ambient air pollution on
the fresh and dry weight of shoots of three
culnvars of rice, at later stage under two
N levels, grown near to;, and distant from,

a fertilizer plant., Vertical bars represent

LSD at 5 % level; o — o = control cv CO 43;
0o -- 0 = polluted cv CO 43; 4 — 4 = control
cv GR 3; b8---p = poluted cv GR 3;

X — x = control ¢v TKM 9; x --- x = polluted

cv TKM 9.
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Fig, 10 Effects of ambient air polludon on
the fresh and dry weight ofy shoots of three
cultivars of rice, at later stage under two
N levels with 50 % water stress, | grown near
to, and distant from, a fertilizer plant.
Vertical bars represent LSD at 5 % level;
0 — o = control ¢cv CO 43; o -- o = polluted
cv CO 43; A—— A = control cv GR 3;

A—- 24 = polluted cv GR 43: x — x =control

cv TKM 9; x ~-- x = polluted cv TKM 9.
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Plate-9 Forty-five day old plants of cv TKM 9 at the control site grown in
polythene containers under two soil nitrogen and water levels.

Plate-10 Forty-five day old plants of cv TKM 9 at the polluted site grown in
polythene containers under two soil nitrogen and water levels.



Plate-5 Forty-five day old plants of cv CO 43 at the control site gnwn in
polythene containers under soil nitrogen and water levels.

Plate-6 Forty-five day old plants of cv CO 43 at the polluted site grown in
polythene containers under two s.0il nitrogen and water levels.



Plate-7  Forty-five day old plants of cv GR 3 at the control site grown in
polythene containers under two soil nitrogen and water levels.

Plate-8  Forty-five day old plants of cv GR 43 at the polluted site grown in
polythene containers under two soil nitrogen and water levels.



Plate-11 Forty-five day old normal watered individual plants of cv CO 43 at
control and polluted sites.

Plate-12 Forty-five day old water stressed individual plants of cv CO 43 at control
and polluted sites.



Plate-13 Forty-five day old normal watered individual plants of cv GR 3 at control
and polluted sites.

Plate-14 Forty-five day old water stressed individual plants of cv GR 3 at control
and polluted sites.



Plate-15 Forty-five day old normal watered individual plants of cv TKM 9 at
control and polluted sites.

Plate-16 Forty-five day old water stressed individual plants of cv TKM 9 at
control and polluted sites.



was not much difference in the cv TKM 9 under WS-HN (Fig. 10 b). The dry
weight of shoot system was found to be increased in the polluted environment
in all the ocultivars. The increase was 104, 63 and 22 % in cvs CO 43,GR 3
and TKM 9 respectively in 55 days (Fig. 9 c). At the final harvest the 1‘ncrease>
was 132, 18 and 42 % accordingly. A high amount of dry matter productio;l
was observed in cvs CO 43 and GR 3 under HN regime (Fig.9 d). However,
under WS-HN the dry matter accumulation was reduced as compared to the un-
polluted plants of cv TKM 9, at 70 and 85 days of growth (Fig. 10 d) and

it appeared to be increased in other variables.
3.1.1.2 Yield and Yield Atfributes

The effects of air polluon on the yield and yield atiributes of rice
culivars are shown in Table 6. Under NN conditons, there was a signiﬁcant'
‘reduction in the panicle length of all the test site plants, but with a distinct
increase in the number of panicles per plant in cvs GR 3 and TKM 9. The number
of spikelets per panicle was found to be reduced in CO 43 cultivar. The sterility
index was higher in all the cultivars as a response to polluton stress. Further,
it was interesting to note that GO 43 cultivar accumulated a larger amount of
straw yield than the other cultivars, with a drastic reduction in the production
of economic yield (dry filled grains). Conversely, cvs GR 3 and TKM 9 at the
polluted site exhibited a tendencly fo produce higher economic yield than the
control. However, the 100 seeds weight (quality) of cv GR 3 was found to be
less in the polluted environment. Further, the air pollution had markedly affected

the harvest index in all the cultivars.
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The imposition of high nitrogen regime had definitely increased the
productdon of panicles, economic yield, straw yield and biological yield of cv
GR 3 in the test site, thereby increasing its harvest index distinctly over the
conirol. Though cv GR 3 produced an increase in the amount of unfilled grains,
its sterility index...and quality- of the ;seeds- were- not- affected. In contrast, the
cv CO 43 was drastically affected by the air pollution as indicated by an increase
in the sterility index, dry unfilled grains and decrease in the economic yield,
100 grains weight and finally the harvest index. The increase in the production
of straw yleld as a response to air polluted environment in the cv CO 43 did
not affect the biological yield due to the loss in economic yield. On the other
hand the cv TKM 9 gave a different picture with no significant effect on the
vield and most of the yield attributes. However, there was an evident reduction

in the panicle length and harvest index and an increase in sterility index.

The imposiﬁon of water stress in addition to N regimes provided yet
another pattern in the yield componenis as affected by air pollution (Table 7).
Bventhough there were marked inhibitions in the panicle length, number of spikelets
and 100 grains weight in the cv GR 3, a 2.5 fold increase in the number of
panicles per plant had bronght a vcemarkable increase in the amount of drv
filled grains (econorfxic yield) with a ”parallel increase in the straw yield,
biological yield and harvest index. In contrast, cv CO 43 which had an increase
in the straw as well as biological yield, had a dramatic decline in its economic
yield due to its significant increase in sterility index and insignificant number
of panicles. Hence, a decrease in the harvest index was also evident in the
cv CO 43. In the cv TKM 9 air-pollution had rendered an inhibition in the panicle

length, increased sterility index, and decreased biological yield, with a
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corresponding decrease in the economic yield, 100 grains weight and harvest

index.

The panicle length of all the cultivars was significantly inhibited by
air pollution under WS-HN. However, 3 fold increase in the number of panicles
with increased straw and biological yield along with distinct increase in economic
yvield was evident in the cv GR 3 when compared to the respective control.
Conversely, under the same regime cv CO 43 with increased straw and biological
yield along with decreased spikelet numbers and 100% sterility, suffered a 100%
reduction in its economic yield. With increased sterility index and decreased
straw yield cv TKM 9 also had a significant reduction in the economic yield.
Imposition of water stress in addition to high N application provided no strategy

against air pollution effect in CO 43 and TKM & cultivars.
3.1.1.2 a Main Effects of Air Pollution on Yield and Yield’Attributes

The main effects of cultivars .on the yield and yield attributes of rice
grown near to andi0 km distant from a fertilizer factory are shown in Table 8.
The panicle initiation was delayed by 13 days in cvs GR 3 and TKM 9, while
35 days in cv CO 43 at the test site as compared to the controls. The mean )
of all the cultivars showed a significant increase in the number of panicles,
sterility percentage and ' biological yield near the factory. A significant reduction
in the harvest index and insignificant reduction in the number of filled grains
and economic yield were also evident in the plants grown in the polluted
environment. A three fold increase in the production of panicles and a dramatic

increase in the number of filled grains rendered the cultivar GR 3 to produce
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significantly high economic and biological yields in the polluted condition. However,
there was no corresponding increase in its harvest index. The cultivar TKM
9 which experienced a significantly increased sterility index near the factory
was not markedly affected in its economic and biclogical yields. Nevertheless,
its harvest index was significantly reduced. Interestingly, though there was
an evident increase in the biological yield of the cv CO 43 in the polluted
environment, a reduced number of filled grains and increased sterility percentage

rendered a sharp reduction in its economic yield and harvest index.
3.1.1.2 b Interacton on Growth of Rice Response Variables

An interaction due to environment on the number of tillers was highly
significant in 55, 70 and 85 day old plants as shown by the mean square values
from the ANOVA (Table 9). The effect of applied nitrogen was evident at 70
and 85 days. The cultivar effect was evident on 55 and 85 days. The interaction
due to cultivar and nitrogen with environment, cultivar and water with environment,
and all the 4 factors together were significant on the number of fillers at 70

and 85 days. Other cases of interactions due to the factors were not significant.

The. interaction 'due to environment was highly significant on the fresh
as well as dry maiter production of 55, 70.and 85 day old plants (Table 10
and 11). The interaction due to water was evident on 70 and 85 days. The
culivar effect was highly significant only at 85 days. A significant interaction
of cultivar with environment was noted on 85 day old plants in the fresh and
dry matter. The cultivar and nitrogen or culivar and water with the environment

showed mostly significant interaction on 55 and 70 days and it was highly



Table Mean square values from the analysis- of variance of rice response

variables, on the number of tillers,

Numbers of tiller/plant

Source df 55 days 70 days 85 days
Replication ' 4 11, 45%% 5.39 1.88
Cultivar (C) 2 5.06% 4.26 13.23%
Nitrogen (N) 1 0.54 13.34%* - 60, 21%%
Water (W) 1 3.34 10.80 5.21
Environment (E) 1 488, 04x* 496, 14%=* 658.00%*
C x N 1 0.35 1.10 0.19
CxE 1 0.15 5.36 4.33
Cx W 1 0.45 0.33 1.30
W X N 1 0.01 0.09 0.47
W x E 1 0.04 <0.01 0.10
E x N 1 0.07 0.26 0.06
CxNxE 1 0.61 26, 39w 12.,23%
CxNxW 1 0.97 1.30 4.36
CxExW 1 1.51 13.06* 9.64*
NxExW 1 0.87 0.51 0.45
CxNxWxE 1 6. 64% 16.84% 27.82%%
Error 99 2.12 4.04 3.17
Total 119

Levels of significance : P =

0.05 (*) and P = (.01 (%%},



Table : 10 Mean square values from the analysis of variance of rice response
variables, on the fresh weight of shoot system.

Fresh weight of shoot system

Source at” 55 days 70 days 85 days
Replication 4 290w 50, 3% 48.6%%
Cultivar (C) 2 4.,8% 12.6 534, G
Nitrogen (N) 1 1.4 1.5 42, 5%
Water (W) 1 0.1 178, 5%% 385, 2%
Environment (E) 1 135, 3% 221, 6% 932, 7ok
C xN 1 0.3 | 1.2 1.5
CxE 1 1.1 0.5 24,9%
Cx W 1 2.4 0.6 0.8
W x N 1 0.2 <0.1 0.4
W x E 1 < 0.1 <0.1 <0.1
E x N 1 <0.1 5.1 4.3
CxNXxXE 1 3.6 6.9 55, 8%*
CxN=xW 1 0.8 5.7 16.9*
CxEx W 1 5,5% 26.9% 74, 9%
NxExW 1 0.2 10.0 9.0
CXNxWXE 1 73 . 4% 70, G 600, 7%
Error ) a9 1.7 9.0 4.3
Total 119

Levels of significance : P = 0.05 (*) and P = 0.01 (*%}.



Table : 11 Mean square values from the analysis of variance of rice response

variables, on the dry weight of shoot system.

Dry weight of shoot system

Source df 55 days 70 days 85 days
Rephication 4 1.24%= 2.34% 1.99
Cuhi\{ar (C) 2 0.03 0.57 21.23%%
Nitrogen (N) 1 0.01 <0.01 1.76
Water (W) 1 <0.01 5.,909%% 16.78%*
Environment (E) 1 7.65%% 17.52% 88.26%%*
C xN 1 <0.01 0.04 0.03
C xE 1 0.20 0.18 3.01=%
Cx W 1 0.04 0.02 0.27
W x N 1 <0.01 0.81 0.03
W xE 1 0.03 0.02 0.01
E x N 1 0.02 0.37 0.40
Cx NxE 1 0.50% 0.94 B.49%%
CxNxW 1 0.13 0.48 0.98
CxE W 1 0.59% 3.55% 7.69%%
Nx E W 1 0.15 1.06 0.87
CxNxWxE | 1 7.02%% 5. 80 31.26%=
Error 99 0.10 0.76 0.99
Total 119

Levels of significance : P = 0.056 (*) and P = 0.01 (%%},



significant on 85 days. The interaction of all the 4 factors were significant

‘on the fresh and dry matter production at all the stages.

The interaction of the cultivars, appiied nitrogen and  environment
{C x N x E) brought about a significant increase in the number of tillers in
all the cultivars at both N levels (Table 12). The fresh weight of shoot system
was found to be highly siénificant in cv CO 43 at both N levels and only signifi-
cant under HN in cv GR 3 and under NN level in cv TKM 9. The dry weight
of the shoot system was found to be signif;canﬂy increased at both N levels

in cvs CO 43 and GR 3 but not in cv TKM 9.

The interaction of water stress, cultivar and environment showed signifi-
cant increase in the tiller formation at both water levels (Table 13). Fresh
weight of shoot appeared to be significantly increased :m the cv CO 43 at both
water levels, in the cv TKM 9 under normal watering and in cv GR 3 under
water stress., The dry wéight of shoot was increased in all the polluted plants

except 50% water stressed cv TKM 9.
3.1.1.2 ¢ Interaction on Yield Attributes
(i} Interaction due to Rice Response Variables

The independent effects of cultivars and environment were significantly
evident in the panicle length, number of panicles, number of spikelets per

‘panicle, sterility percentage, biological yield 'and harvest index (Table 14-16).

The effect of water was evident in all the parameters except the number of
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Table : 14 Mean square values from the analysis gf variance of rice response

variables, on the yield atiributes.

Source daf Panicle Number of Number of
length panicles spikelets/

panicle
Replication 4 17,16%% 7.75% 6.53%
Cultivar (C) 2 27.35%% 153.08%:* 47 .35%=
Nitrogen (N) 1 16.58%* 7.01% - 2.00
Water (W) 1 596,68%* 66,01 %% <0.01
Environment (E)} 1 396.76%% 232 .41%=% 68.25%%
C x N 1 0.68 1.70 0.16
C x E 1 0.96 170.95%% 0.39
C x W 1 0.03 1.61 0.30
W x N 1 0.15 1.21 0.01
W x E 1 0.33 26.02%% 0.21
E x N 1 < 0.01 0.09 0.17
CxNXxE 1 2.14 23.88% 1.07
CXNxW 1 1.66 0.70 1.14
CxEx W 1 1.12 26.07%%* 1.67
NxExW 1 2.60 26.46%% 0.97
CxXxNXWRXE 1 14.64%% 53.94%% 7.96%
Error 99 1.48 1.89 1.75
Total 119

Levels of significance : P = 0.05 (*) and P = 0.01 (%*%),



Table : 15 Mean square values from the analysis of variance of rice response
variables, on the yield attributes.

Source i dafr - ) Number of " Sterility 100 grains
filled grains index weight
x 1073 x 1072
Replication 4 8, 2% 1.7 0.04
Cultivar (C) 2 116, 8%3% 76 . 9% 5.54%%
Nitrogen (N) 1 2.3 57.1%% 0.01
Water (W) 1 95, 3w 61, 74 0.84%%
Environment (E) 1 1.9 302, 0% 3.40%%
C x N 1 0.1 0.4 <0.01
C x E 1 11, 9% 5.9% 0.16
Cx W 1 0.1 0.3 0.04
W X N 1 <0.1 0.3 <0.01
W x E 1 <0.1 0.1 0.01
E X N 1 <0.1 0.6 0.03
C X E 1 24, 4%% 14, 1%% 0.35%
C N x W 1 2.3 1 0.12
C X W 1 24 ,9%% 12 . 4%% 0.47%
NXExW 1 1.2 2 0.06
CXNXWXE 1 57.0%% 32 . 6 1,07 %=
Error 99 2.6 1.4 0.08
Total 119

Levels of significance : P = 0.05 (*) and P = 0.01 (%%},



Table : 16 Mean square values from the analysis of wvariance of rice response
variables, on the yield atitributes.

Source df ' Biological Economic Harvest
yield yield index
x 10°
Replication 4 20, 80%%* 1.53 3.0
Cultivar (C} 2 47, 85%% 13.66%% 605.0%% |
Nitrogen (N) 1 0.91 0.85 15.0%
Water (W) 1 29,51 %% 4,515 1.0
Environment (E} 1 124, 01%#* 0.21 410.0%=
C x N 1 0.07 0.03 0.2
C xE 1 5.96 2.16%* 29,0%*
Cx W 1 0.35 0.03 1.0
W X N 1 0.26 g.o1 ¢ 0.5
W x E 1 0.16 0.06 - 48, 7%
E X N 1 0.01 0,01 2.0
CxNxE 12.65% 4, 59%% 152 . 0%*
CXNxW 2.16 0.64 " 10.0
CxExW 13.34% 4.58%% 61, 0%*
NxE=xW 1 0.38 0.25 5.0
CxNxWXxE 1 35.24%% 11.66%* 156.0%%
Error ( 99 4,25 0.72 3.0
Total 119

Levels of significance : P = 0.05 (*) and P = 0.01 (#=%),
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spikelets per panicle and harvest index. Nitrogen had a definite infulence in
the panicle length, number of panicles, sterility percentage, and harvest index.
The interaction of environment with culivar (E x C)} or cultivar and nitrogen
(C x N) or cutvar and water (C x W) and/or with all other factors were
significantly evident in the number of panicles, filled grains, sterility percentage
and harvest inde);. The interaction of environment with water (E x W) or nitrogen
with water (N x W) were &also observed in the number of panicles. A significant
effect on the 100 grains weight was evident in the interaction of cultivar,
nitrogen and environment (C x N x E) or cultvar, water and environment (C
x W x E} and it ‘was highly significant with all the 4 factors. It was interesting
to note that the independent interaction due to environment on the biological
vield was insignificant alongwith cultivar effect. On the other hand, the economic
yvield and number of filled grains showed no independent effect due to environment
alone but the interaction was significant along with cultivar. The interacton
due to environment and/or with other two or three factors were significant
mostly in all the characters. However, other cases of interaction due to other

factors were not significant.

(ii) Interaction due to Cultivar, applied N, and Environment(CxNxE)

The mean values regardless of soil water status showed a definite
interaction due to cultivars, applied nitrogen and environment on the number
of panicles, filled grains and sterility percentage (Table 17). The HN application
brought about a highly significant 2.5 fold increase in the number of panicles
of cv GR 3. Under NN application it was 3.5 fnld aver the control. The plants

grown near the fertilizer factory exhibited a sharp reduction in the number
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of filled grains in cv CO 43 under both N levels and in cv TKM 8 under NN,
whereas it was significantly increased in cv GR 3 at both N levels. The polluted
environment rendered in an increased sterility index of cv C0 43 and it was
significant in cv TKM 9. Though cv GR 3 also experienced a significant sterility
index under NN, it was insignificant under HN. The interaction of cultivar, nitrogen
and environment also brc;ught a sharn reduction in the economic vield of cv
CO 43 and tremendous increase in cv GR 3, near the factory. Only the cv GR 3
appeared to increase the economic yield due to HN application under the polluted
environment, The HN applied plants of cvs CO 43 and GR 3 produced a higher
amount of biological yield than the control. Due to the decrease in the economic
yield the cv Cb 43 showed a significant reduction in its harvest index in the
polluted site. The cv TKM 9 also experienced a reduction under NN. Interestingly,
only cv GR 3 under HMN application showed a significant increase in the harvest
index of plants grown near the factory.
(iii) Imtgraf:utior_x due to Cultiva_r, Wfater and Environment (C x W x E)

The interaction of soil water status, cultivar and polluted environment
regardless of the soil N regime led a remarkable increase in the number -
of panicles in cv GR 3 (Table 18). The cv TKM 9 showed a higher number
of panicles in the normal watered than the water stressed conditions. Under
both water levels the cv CO 43 showed a significant reduction in the number
of filled grains and the reducton was only registered under water stress in
the case of cv TKM 9. Conversely, the cv GR 3 showed an increased number
of filled grains under both water levels in the polluted conditions. However,

the —water stress alone did not bring any increase when compared to the plants
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grown in the norma-l-l watered conditions. Ii ‘was also evicien{that _\ther;e was
no benefit by the water stress to the cvs éO 43 and TKM 9 in the polluted
environment, as shown by the sterility index. Nevertheless, the cv GR 3 experi-~
enced no disparity between the control and polluted environment in the sterility
index. A significant increase in the biological yield of cv CO 43 under 50% water
stress became ineffective by the decreased ecionomic yield, in the ‘plants grown
near the factory. The cv TKM 9 showed a signiﬁgant reduction in its economic
yield and harvest index under 50% water stréss, in the polluted condition. The
interaction Jof the cv GR 3 with water and environment rendered in the production
of a high amount of economic and bioclogical yields under both water levels in
the polluted environment. Neverthelessz. theré was no corresponding increase

-

in the harvest index.
3.1.2.0 Physiological and Biochemical Studies
3.1.2.1 Prigments

A higher amount of Chl 'a', Chi 'b' and total Chl content was evident
in all the cultivars under the poluted enviroﬁment than the control at the age
of 47 days (Table 19). The percentage of increase in the Chl 'a' content was
gre’atei:' in the cv TKM 9 followed by GR 3 and CO 43 than the conirols under
both N levels. WN-HN regimed 87 day old plants of cv GR 3 also showed an
enhanced Chl 'a' content in the polluted conditions. However, there were reductions
in cv €O 43 in 87 days. The amount of Chl 'b' was found to be I?;IOPB by 47 and
73% in cvs’ GR 3 and TKM 9 under WN-NN and it was 1§, 79 and 48% under

WN-HN regime of cvs CO 43,GR 3 and TKM 9 respectivelv, than the control at

t
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47 days. However, at the age of 87 days, oniy cv GR 3 showed a consistently
increased Chl 'bl. at-the polluted- environment, whereas. in.cvs.CO 43 and TKM 9
the leaf Chl 'b' was sharply reduced by 60 ' and 20% respectively, under NN.
The cv GR 3 showed a marginal increase in the amount of Chl 'b' under WN-HN
regime in the test site. The content of total Chlorophyll also had a corresponding
increase with the Chl 'a' and Chl 'b' in the polluted site, on 47 days. However,
at the age of 87 days there were reductions in the total Chl contents of cvs
CO 43 and TKM 9 under NN regime, whereas cv GR 3 had an increase of 13%
in the polluted environment over the control.: At the same age cvs GR 3 and
TKM 9 were not affected under WN-HN, while the content of cv OO 43 was reduced
by 17% when compared to the control., The ratios of Chl ‘'a'/Chl 'b' was found

to be generally a marginal increase in the polluted plants.

The plants grown under 50% water stress in addition to two N regimes
also showed a generally high amount of Chl 'a', Chl 'b' and total Chl contents
in the polluted environment at 47 days (Table 20). WS-HN regimed plants of
cv GR 3 also showed enhancement in the Chl 'a' content in the polluted conditions,
while other two cultivars experienced a mociest reduction in the content. The
content of Chl "b' was increased by 61, 57 and 45% in water stressed NN regime
and 38, 11 and 68% under WS-HN regime of cvé CO 43, GR 3 and TKM 9 respect-
ively. The cv GR 3 showed a marginal increase in the amount of Chl 'b' under
air pollution in the WS-NN regime at 87 days. Nevertheless, others at 87 days
experienced only diminution. Under the imposition of water stress the percentage
.of increase in the total Chl was higher in the NN regime than the HN regime
of all the 3 cultivars. At the age of 87 days cv TKM § under NN and cv CO 43

under HN regimes showed decreased total Chl content while cv GR 3 showed

T



an increased content under NN, in the polluted condition. There was not much

disparity between the control and test site plants, in their Chl 'a'/Chl 'b' ratio.
3.1.2.1aAscorhic Acid

It was interesting to note that most of the 42 day old plants were
maintained a high amount of endogenous ascorbic acid content in the polluted
environment when compared to the control (Table 21). The increase was 120
and 144 % in cvs GR 3 and TKM 9 under WN-NN regime and 90, 76 and 18%
in cvs.CO 43, GR 3 and TKM 9 under HN respectively, over the control. However
under WS~-NN regime cvs CO 43 and GR 3 were found to accumulate 54 and 26 %
higher amount than the control, and it was fednced by 13% in the cv TKM 9.
On the other hand WS-HN showed high level of ascorbic acid content in cll the
cultivars with increase of 58, 38 and 10 % accordingly. At the age of 78 days
the cv GR 3 maintained a high percentage of ascorbic acid over the control
in all the regimes of polluted site plants. The.cv CO 43. also showed same pattern

of increase except WS-HN, where a 15% reduction was recordeld.
3.1.2.1 b Free Amino acids

Air >p0}lution exposure to rice culﬁvar: CO 43 brought about an increase
in the amount of free amino acids in their leaves at all the stages of growth
when compared to the control (Table 22). The increase was marginal under
WN-NN, modest under WN-HN, and it was further increased under water stress
at. both N regimes. However, at the early stages, cvs GR 3 and TKM 9 showed

little reducton over the control under normal watered conditions and were able
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to maintain high levels o‘f free amino acids a%t the polluted environment. Under
WS-NN conditions all the cultivars were able to maintain a marginally high amount
of free amino acids in the polluted test site.x The percentage of increase was
found to be high in CO 43 by 33 to 80. Under WS-HN, cv CO 43 accumulated
a large amount by 42 and 167 % over the ‘'control. Though cv GR 3 showed
102 % increase over the control at 40 days, itg experienced a reduction of lesser
magnitude at 90 days. The, cv TKM 8 showed more or less the same patiern
of accumulation as observed in cv GR 3.

i

3.1.2.1 ¢ Free Proline

!

t

At all the stages of growth under normal watered condifbons, cv GR 3
was able to maintain a high amount of free. pro]iﬁe in the leaves at both N
regimes at the fest site (Table 23). Interes:tingly, at 90 days, the increase
)was 2.8 fold uﬁder NN and 5.7 fold under XHN over the control, whereas in
cv CO 43 the endogenous levels of proline in the leaves registered a drastc
reduction uhder both NN and HN regimes. Further, it was interesting to note
that at early stages the per cent change oveE-r the control was high in the cv
CO 43 under nc;rmal watering and it decreas;ad in the later stages of growth
under the poluted environment (Fig. 11). It was vice versa in the case of
TKM 9 cultivar. Under water stress the perceﬁtage of increase over the control
was much higher in HN regimed plants than 1n the NN regimed cv CO 43. The
cv GR 3 was able to maintain a level high almost 2.8 fold over the control
under WS-NN regime at 90 days. There was no consistent increase under WS-HN
-in all the three cultivars in the polluted env;ironment upto 70 days of growth.

The cv TKM 9 showed 39 and 21 % increase in the amount at 40 days and 22

and 100% at 90 days under WS~NN and WS-HN respectively.
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3.1.2.1 d Proteins

Forty five-day old plants of all the cultivars were able to accumulate
greater amount of total and insoluble protein their leaves than the controls (Table
24). The percentage of increase in the totai protein content over the control
waé much higher in NN regimed plants than HN regimed plants of all the cultivars
in the test site. The enhancement in the insoluble protein content was greater
in cv GR 3 under NN, and it was much higher in the HN regimed plants than
the other two cultivars grown in the test site. Under NN conditions the soluble
protein was found to be increased enormaugly in all the cultivars under the
polluted environment at 45 days. The increase was 2.2, 1.4 and 4 fold in cvs
CO 43, GR 3 and TKM 9 respectively. However, under HN regimes an increase
was noted only in cv TKM 9. At the age of 90 days, a remarkable increase
in the soluble protein of CO 43 under NN and HN rendered an increase in the
amount of total b;otém to th; bdllutioﬁ exbbsuré; .Houm}evgrﬁ. a modest reduction
in the soluble protein content of cv GR 3 at 90 days was marked by an increase
in the insoluble protein at both N levels, thereby minimising the reduction in _
the total protein content. On the other hand, cv TKM 9 was found to reduce
its soluble protein under HN regime ultimately bringing about a reduction in
the amount of total protein.

Imposition of water stress in addition to nitrogen regimes also influenced
an increase in the total and insoluble protein content of all thé cu}.ﬁvars at
45 days in the polluted environment (Table 25) . The increase in the total protein

content was greater under NN tham under HN regimes of cvs GR 3 and TKM 9.

The content of the inscluble protein appeared to be increased notably in cv
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old test site plants (Table 27). However, both cultivars showed only a reduction
at both N levels, at later stages to varying éxtent. On the other hand, cv GR 3
which showed either reduction or no difference at 55 days, was able to maintain
marginally high amount of RNA content at 7(1') and 85 days of growth at both
N levels, when compared to the control. Urllder water stressed condition also
more or less same pattern was obser{/ed in all the cultivars.

1

3.1.2.1 g Total QAC “

The water soluble quaternary ammonium compounds (QAC) were found
to be iIncreased in all the cultdvars in thef poliuted environment (Table 28).
The percentage of increase was greater in the cvs CO 43, followed by GR 3
and TKM 9 at different stages of growth under -WN-NN conditions. Under WN-HN
regime cv CO 43 accumulated the same or higher amount of QAC at different
stages of growth than the plants under WN-NN. The high nitrogen alone was
capable of increasing the QAC content in the ¢v CO 43. The cvs GR 3 and TKM 9
were able to maintain a higher level of QAC' than the cv CO 43 regardless of
the site of growth under WN conditions. It was interesting to note that under
water stress cv CO 43 had consistently accumulated a higher amount of QAC
contents than the normal watered plants. This was true in nlants at the polluted
site particularly at later growth ste;ge. The rfxigh endogenous level that was
prevalent in the plants of cvs GR 3 and TKM 9 idid not increase further as response

to pollution. High N regime did not influence! QAC content under water stress.
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3.1.2.1 h Total Nitrogen

The' rice cv CO 43 expérienced a marginal reduction in the total nitrogen
content in its shoot portions at three different growth stages studied, while
cv GR 3 mostly shéwed a marginal increase and cv TKM 8 found to have no
difference at the polluted environment, over their control under WN-NN regime
{Table 29). Under high N cv GR 3 was able ;to maintain a higher level of total
nitrogen than the control at all the harvested stages. Though the cv CO 43
experienced a& marginal increase at 55 and i'70 days, there was no difference
at 85 days, while cv TKM ‘9 which depicted a modest reduction at 55 and 70
days showed an J‘ncremenf in their shoot nitrogen content at the final harvest.
In fifty five day old WS-NN plants of cvs CO 43 and GR 3 showed a marginal
increase in the total nitrogen content in the 'shoot portions whﬂe cv TKM 9
experienced a reduction at the polluted environment. On 70 and 85 days the
cv GR 3 alone was showing an increase. Undér WS-HN regimes the total nitrogen
of the test site plants registered a sharp reduction in the cvs CO 43 and TKM 9
at the age of 55 days, and an increase of 11% over the control in cv GR 3.
There was not much difference between the :control and test site plants in the
accumulation of total nitrogen at the final harvest in all thé water stressed

cultivars.
3.1.2.2 Activities of Enymes

The air pollution had promoted the :acn‘vity of peroxidase in the cvs
GR 3 and TKM 9 (Table 30). The percentage of increase was higher under WN-NN
than the WN-HN. However, in cv CO 43 the activity was found to be inhibited

under both N levels., In contrast, under water stressed condition all the culitvars
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showed a modest increase in the polluted environment under NN as well as high
N regimes, when compared to the controls. The activily of polyphenol oxidase
was appeared to be significantly promoted in cvs CO 43 and TKM S under WN-NN
where as it was sharply demoted in cv GR 3 as a response to air pollution.
Conversely, under WN-HN regime in c¢v GR 3 the leaf polyphenol oxidase activity
‘was enormously increased while in other cultivars it showed a moderate increase
in the activity. However, under the regime WS-NN, all the cultivars exhibited
a remarkably accelerated activity of the above enzyme in the polluted environment
over the respective control. Nevertheless, under high N the activity of the enzyme
was found to be comparatively inhibited in the polluted environment. A sharp
reduction in the activity of acid phosphatase under WN-NN was found to be minimised
in the cv GR 3 under WN-HN. On the other hand, cv CO 43 showed a notable
reduction under all the regimes except under WS-HN where it showed a modestly
increased activity. The cultivar TKM 9 under NN, regardiess of the water regimes
typically showed an increase in the activity of acid phosphatase, whereas under
high N there was a decrease in the plants grown under poliuted environment

when compared to the control.

The activity of enzymes-amylase, invertase and phosphorylase from
the leaves of &5 day old plants are given in Table 31. The amylase activity
was found to be accelerated in all the cultivars under WN-NN and WS-HN there
was an increase in the amylase activity only in cv GR 3, while the cvs CO 43
and TKM 9 experienced an Iinhibition in the enzyme activity. Under WS-NN cv
GR 3 suffered a reduction in its amylase activity, whersas cvs CO 43 and TKM 9
were depicted an increased activity in the test site when compared to the controls.

The activity of invertase was found to be promoted in the cv GR 3 under all
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FI1G-12: ACTIVITY OF NITRATE REDUCTASE

AS AFFECTED BY AIR POLLUTION.
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the regimes of polluted environment and the increase was a maximum of 2.2
fold under WN-HN. The cv CO 43 showed a higher rate in the activity of invertase
except under WS-HN regime. The ¢v TKM 9 showed a maximum increase of
1.3 fold under WN-NN and 29% under HN regimes, over the control. However,
it was reduced under water stressed conditions. The exposure of cv GR 3 to
the polluted environment rendered an increase in the activity of phosphorylase
under WN-NN, but decreased in other regimes. The cv CO 43 showed an increase
in the activity under WN-NN and WS-HN regimes but reduced under other imposed
regimes, On the ‘other hand, the cv TKM 9 followed more or less the same

pattern of activity as observed in GR 3.

The data presented in the form of Fig. 12 clearly indicated that all
the regimes in the polluted environment experienced an inhibition in their leaf
nitrate reductase activity when compared to the controls. The reduction was
comparatively lesser in cv GR 3 under normal watering conditions than the other
cultivars. Though water stressed condition brought about a decrease in the enzyme
activity in the leaves of cv GR 3, it maintained a better level than the other

cultivars in the poliuted site.

3.1.2.3 a Glutathione

The content of glutathione was found to be increased under all the
regimes of all the cultivars in the polluted environment when compared to confrol
(Fig.13). Under WN-NN regime, though all the cultivars accumulated a higher
amount of glutathione at 50 days only the cv GR 3 maintained a consistent increase

til 80 days. Under WN-HN, the increase was consistently observed in the cv |
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CO 43 and GR 3 upto the age of 90 days as a response to the poliuted env:irén—
ment. Under water stressed /conditions the percentage of increase was higiler
than the normal watered plants. The per cent increase over the control was
higher in cv CO 43 under WS-NN 1n 50 day old plants than in 80 day old plants,
whereas it was vice versa in other cultivars. However, cv GR 3 could able to
accumulate a remarkably higher amount of glutathione in their leaves than the

other cultivars, under WS-HN, as a response té air pollution.
3.1.2.3 b Sulphur

There was always a marginal -increase in the total sulphur content
of the polluted site plants when compared tn the non-nollnted site nlants (Table 32)
The increase was 20 to 26 % in CO 43, 20 to 39 % in GR 3 and 15 tu 16 %
in TKM 9 cultivars under WN-NN regime at different stages of growth. Under
WN-HN the per cent increase over the contr"ol was. found to be decreased in
cvsCO 43 and GR 3 but was increased in Acv TKM 9. A maximum increase of
78 % was observed in cv CO 43 in 55 day old plants and 73 % in 70 day old
¢cv GR 3 under WS-NN regime. Under WS-HI\i cv CO 43 showed 10 to 43 % increase
at later stages of growth, while cv TKM 9 showed a marginal increase and

cv GR 3 experienced no difference in the pélluted environment when compared

to the control.
3.1.2.3 ¢ Fluoride

The content of fluoride in the shoots of rice was increased in all the

cultivars at the polluted site (Table 33). The percentage of increase was



- ‘gayeondag saay; Jo HS juesaadea sosoyusted ur seniea

(.-t} (o'v)  (zr0)  (gs70) (zr0) (6'0) (z'1) (8°0) (670) (g0} (90} (8°0) -

9° LT vV ¥ a1 AR A% 0°L1 8°91 ¥ 91 011 0°61 AR A 0" LT ¥r61 S8
(v'D) (D (5T (870) (0’1 (D) (6D (60)  (L'T) (4'0) (TD) (BD)
v Ee I7ANA* 9°0¢ LT (A %4 g ¢ee 0°9¢ 9°v1 AN A vUEl ¥ a1 (AN N4 oL
(8'0) (4°0) (6'0) (80) (9°0) (£'0) (0 (z0) (e0) (¥'0) (g0} (g0

9°'6 - 9°6 V'L 001 AR 0°6 96 0°0T 9L A Z°6 7'8 Gs
o , passons JajeMm ,

(g'0) (6°0) (0°1)  (L°0) (s 0) (970} (s 0) (9:0) (¥°0) (rr0) (9°0) (0'1)

8°91T 8°91 VLT 9'vT VLY 0°91 AR 8yl g°61 Vvl 9°q1 vl <8
(g'0) (or1) (z2°1) (£70) (L7 0) (8°0) (0°1) (8°0) (z°1) (6°0) (8°0) (0°1)
¢'0¢ 9°¢t (ARAS 84t 091 81 812 0°2¢ 870t 9" 12 A 9°0¢ 04
(v'0) (¥:0) (90) (s'0) (g0 (¥0) (¥0) (g0} (¥0) (e0) (e0) (€0)
V'8 ¥ 01 '8 20T - 0°4 98 9°6 ¥'8 (A (A5 8°01 0’6 Gs

paJajem [RuLION

d 3J d 3 d 3 d 0 d 3 d a
6 WAL g ¥9 £v 00 | 6 WAL € ¥ £y 00

N ~ YsH N - TRWJON sfep ur a8y

-uerd Jezimasy ' ‘(D) wWoJ] JUEISIP pue ‘(d) 01 Jesu umOJ8 usym S[BAS] JIjEM DUB N OM] JSpun § WML
pue ¢ ¥9 ‘€p OO sa0 8011 Jo (yBrem Aap 8/8w) sweuod orousyd TR0} Jo junowe Byl ur seBueyd oyl ¥E : OIqeL

-



26~43, 33-38 and 11-57 in cvs CO 43, GR 3 and TKM 9 respectively over the
contrnl at different stageé of growth. The increase was 24-56 , 19-50 and
53-57 % accordingiy under high N as compared to control, Under water stress
the percentage of increase was less in cv GR 3 at different stages of growth
under NN when compared to .control. Further, under high N the cv CO 43 increased

the fluoride content significantly over the control.
3.1.2.3 d Total Phenolics

Fifty day old plants of rice cv GR 3 showed a modest reduction in
‘its total phenolic content, under all regimes in- the polluted environment (Table
34). However, there was marginal increase in the levels of phenolics in 70
and 85 day old plants of cv GR 3 under all the regimes in the polluted site.
It was also interesting to note that at the age of 85 days, all the cultivars
more or less under all the regimes were able to maintain a higher level of
phenolics than the controls. The cvs CO 43 and TKM 9 could increase the amount
of phenolics at 55 days, but with a reduction at 70 days under WN-NN regime.
However, under high N both the cultivars experienced a reduction at 55 and
70 days. Under water s%;ressed conditions cv TKM 9 showed the same pattern
as observed in the ¢€v GR 3. There were either reduction or no difference under

WS-HN of cv CO 43 in poluted environment when compared to the control.
3.1.2.4 a Total Soluble Sugars ’

The amount of total soluble sugars was found to be generally reduced

in cv GR 3 in 55 day old plants in all the regimes of polluted site plants, when



*sojeorided seay Jo 498 juessadog sossyiuaged ur senyep

A

(e'2) (671) (v'z) (s0) (z'2) (v'1) (zzd (z'1) (9'1) (1) (v'1) (1)

69z 6°92 0°0¢t 1°81 e A g°81 ¥ 6¢ 0°g¢ 6°9¢C 67971 8°81 §°2¢ G8

(v'1) (1°2) (1) (v°1) (8-2) (£°1) AHKNV (v'2) {6°1) (z°1) (6°1) (1°2)

8°8¢ 8°ve 1°8¢ 9°0¢ 9°'0¢ 9702 £°92 8¢l 9-0¢t 1°€2 8°¢€e 1°€¢ 0L

(L°z} (z°¢) (z°1) {(0°2) (8°1) (z°1) {z°2) (8°1) (i1 {.°1) {9°1) (£°1)

0°S¢ 8 ¢t 1°¢€C 0°G¢ ¢ LE ¥ ve 8¢t G°LZ + 6°9C v ve *RAY £°1¢ 1)
possans Jaem

(6't) (1) (0°2) (6°0) (0°2) (¢°1) (e 1) (9°1) (1) (1°1) (¥v'2) (8°0)

9°62 1°€¢ 0°82 £°9T 6°1¢ S LY 6°12 0°07 9°02 S LY 0°0¢ g°81 g8

(z'1) (¢'1) (°2) (1) (8°1) (1) w2y Atz () (ez) (1) (6°0)

6°T¢C S RAA £°9¢2 9°0¢ 9°02 6°12 6°9¢ 9°0¢ §'Z¢ vy 17ttt 9702 0L

(v'e} (zr¢) (672) (€-2) (z'1) (8°0) (7°¢) (6°1) (0°1) (z'1) (€-2} {z°1)

G 2¢ ¥ vE £°1¢ G CZt 6°1¢ ¥°61 8°8¢E € LT 6°1C 1°82 8°82 1°€2Z S8
paJalem TRulION

d ) d ] d 3 d 3 d 3 d J

6 WAL € U0 €y 00 6 NIL € ¥ £V 0D
- USH - [ewJoN sAep up a8y

WL pue € ¥9

ed Jaezimdas] B ‘(D) wOJ] WeISIp pue ‘(J) 0} JesU UMOJS usym S[OAS] JOlEM DUEB N Om] Japun §

‘e 0D sa0 8o1a jo (Bmwem Aap 8/8w) saeSns egnios (el jo mowe a8yl ur safueyn 8yl Gf : 9IQEL



*sejeordea eaay Jo Fs jusseadsaa sasewuesed Ul SaNTBA

(9°0) (z0) (200 (90 (613 (
L'IT 676 1zt g9°'8 6°€2

1 (1) (g°1) (¥-0) (sr0) (5°2) (2°1)
4
(s'1) (¢'1) (v'1) (6°0) (6°0) (8"
S 0
g
9

)
T §°ST 1Ll 06 s'6  S°6C  9°LT 58
) (1) (6'1)  (e°1)  (60) (8°0) (5°0)
0°8T L'9T  6°8T ‘¥ 67T T 6
(r't). (7o) (7o) (F'0)  (T°T)  (5°0)
0°ST 98  §'6  9'8 0°%1

z°ve ¢ 91 6°8T i’ 6° V1 GTET 04

(t'1v) (g-0) (9-0) (¢-0) (9°0) (€70)
L1t L4 ' G'g 676 1°8 §¢

possags JaleM

(y0) (s°0) (¢°0) (v+0) (5°T) (2°0) {1°2) (6°0) (£°0) (9°0) (v'2) (1)

6°T1L £ 01 0°6 7 G LT 1°v1 B LT 2791 8°8 6°6 g8z 861 g8
(z'1) (9°0) (v'1) (£°0) (z'1) (5°0) (8°1) (t'1) (z°1) {(¢°1) (1) {z°1)

§'y2 9°VT 9°LT °v1 ¥°91 AR A% £°81 AR AN 9°v1 L°ET T°LT rARAN 0L
(g'0) (9-0) (6°0) (9°0) (670) (9°0) (g1} (s0) (¥0) (g0} (v} (L0)

T°€T 8°8 S €T ¢'6 S'TT VoL 8°G1 878 v 01 1°8 G'ET 9°'8 5§

poJajem TRWJION >
d 3 d J d 3 d 3 d ] d 3
6 WOLL £ ¥ £y 03 6 NIL £ ¥ £y 00
N - USH N - TRW.JION sfep ur a8y

~

cwerd Jezimaej v ‘(D) woay JEISIp pue ‘{d4) O} Jesu umoJ8 usym S[OAS] JOIEM pue N Om} J8pun
6 WML pue ¢ ¥9 ‘€p 0D sAD 801 jo (jySrem Aap 8/8w) jeuoo yoaeys jJo junowe sy Ul Safueyd 8yl gf : ogel



..B4..

i

compared to the conircls (Table 35). However, there was high amount of total
soluble sugars at later stages in the pollutgd site plants of cv GR 3. Under
both N levels of normal watered condition the cv CO 43 showsd a high level
of total soluble sugars at 55 and 85 days but showed no difference at 70 days.
Under water stress the cv CO 43 showed a mixed effect at different stages of
growth, The cv TKM 9 experienced a consistent increaseiﬁtheamount of total

soluble sugars in the NN regimes of polluted site plants, when compared to

-the controls.
3.1.2.4 b Starch

The contents of the starch was mostly high in all the cultivars in the
shoot of polluted test site plants (Table 36). The per cent increase over the
control was much higher in all the cultivar'é and regimes at 55 days, than in
the- later stages of growth, when compared to the unpolluted site plants. However,
at all the stages of growth, all the cultivars‘were able to maintain a moderately
higher amount of starch in their shoot portions thaﬁ the controls, regardless
of the impdsed regimes. The amount of accumulation generally appeared to be
greater In ¢cv CO 43 followed by GR 3 and TKM 9 cultivars. Nevertheless, WN-HN
the cv GR 3 showed a 22 % reduction in the polluted site under WN-HN, whereas
cvs CO 43 and TKM 9 were able to maintain a higher amount of 96 and 16 %

than the controls, at the age of 85 days respectively.
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3.2.0 SECOND YEAR STUDY

3.2.1 Studies on Progeny -
3.2.1.1 Growth

The growth studies on the progeny of cv GR 3 under high N regime
are depicted in Fig. 14 and 15. The plants raised from the seeds obtained from
the Rice Research 'Station, Navagam, "Gujarat (hereafter mentioned as normal
:plants}, when grown under the poliuted environment produced always increased
number of tillers per plant (Fig. 14 a). The increase was 2.5 fpld at the final
harvest. However, the progeny plants (seeds :harvested from the previous crop)
did not shown any significant effect over the control. The height of the; plants
was invariably affected by air pollution. At all the time of growth the reduction
was significant by 25 to 43 % in the po]lu’lced environment (Fig. 14 b). The
progeny plants showed a high reduction of 40 to 64 % in their height. The fresh
weight and dry weight of culm appeared to be always“ high in the polluted site
plants. However, after 45 days fresh weight and dry weight of culm were
reduced in the progeny plants when compared to their respective conirols.
Remarkably, PPYPC plants exhibited a maximum increase in both fresh as well

as dry weight at the final stage (Fig. 14 ¢ and d).

The number of leaves, leaf area, fresh and dry weight of leaves are
shown in Fig. 15. The number of leaves in' the plants from the polluted site
seemed to be significantly high at all the time of growth. i{owever, in 75 day

old plants there appeared to be a sharp decline in the polluted progeny plants‘
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when compared to its control (Fig. 15 a). The photosynthetic leaf area was
dramatically decreased in the polluted site plants at all the time of growth (Fig.
15 b). It was interesting to note that the progeny plants at the control site
showed a tremendous increase in its fresh as well as dry weight of leaves.
However, polluted site plants showed a reduction in their fresh weight of leaves
after 45 days.” The dry weight accumulation was also very low in the plants

exposed to the polluted environment.
3.2.1.2 Yield and Yield Attributes

There were significant reductions in the panicle length and spikelet
- numbers of the polluted site plants of the cultivar GR 3 when compared to the
control (Table 37). The number of panicles was markedly increased in the
polluted site normal plants. The sterility percentage of grains was found to
be 87 or 98 in the polluted plants as against a 45 of the cotrol and also the
dry weight of filled grains {economic yield) was drastically reduced when
compared to the control. It was interesting to note that the dry weight of unfilled
grains was also found to be reduced in the progeny plants of polluted site.
The straw weight was significantly increased in the normal plants of the test
site. However, the progeny plants were able to maintain a high straw yield
when compared to the control. Their sharp reduction in their economic yield

rendered to reduce the harvest index in the test site plants.

3.2.1.3 Physiological and Biochemical Responses
(a) Pigments
The concentrations of pigments are given in Fig. 16. The concentrations

of Chl 'a', Chl 'b' and total Chl in the leaf of the plants from polluted site
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were higher than the control upto 45 days of growth, and'thereafter, they were
drastically reduced in 55 and 70 day old plar}ts. Among the control plants, the
progeny of.the previous year from the polluted site was able to show high level
of pigments upto 55 days (Fig. 16 a to c). "I‘he pigment carotencids was also
high as compared fo conirol upto 45 days in Tthe polluted environment. However,
progeny plants at the test site started showir;g reduction after 30‘ days. At the
age of 55 and 70 days the content was dramatically reduced. On the other ﬁand.

among the controls, the progény of the previous year -control plants showed

a high level of carotenoids content at 70 days (Fig. 16 d).

I

There was an increase in the content of phaeophytin 'b' after the acid
conversion indicating the presence of initial "phaeophytin in the progeny plants
only in the polluted site. There was no initial phaeophytin in the 'rest of the

-plants (Fig. 17 b and d).
{b) Relative Water Content (RWC}

At the age of 55 days the RWC of the rice plants were 8 and 29 %
less in the polluted environment when compared to their respective controis
of normal and progeny ocnes {Table 38). However, the decrease was found to

be insignificant in .the polluted environment in 75 day old plants.
{c) Protein

An increase of 67 % and decrease of 16 % were observed in the total
protein content of normal and progeny plants of polluted site as compared fo

the controls at the age of 40 days. However, insoluble protein appeared to



€

Table : 38 Biochemical responses and foliar injury of cv GR 3 of rice grown
near to, and distant from, a fertilizer plant,

Parameter Age in Normal Progeny

days Control Polluted DPYCC  PPYPC  PPYPP
Relative water 55 86.00 79.00 89.00 91.00 '65.00
content (%) (2.00) (2.00) (3.00) (3.00) (4.00)

Proteins (mg/g fr.ls.)

Total 40 ‘ 40,2 67.3 52.7 31.2 44.0
‘ (1.9) (6.1)  (3.9) (2.7) (2.9)

. 55 41.5 34.9 - 38.3 33.2
(1.5) (1.8) - (1.8) (2.3)

Insoluble 40 ] 25.5 49.3 22.3 18.2 33.0
(2.7) (2.5) (1.9) (2.3) (1.7)

55 29.8 26.5 - 30.2 23.2

(1.6) (0.6) - (0.3) (0.8)

Soluble . 40 14.7 18.0 30.4 13.0 11.0
(0.8) (3.6) (2.6) (0.8) (0.9)

55 11.7 8.4 - 8.1 10.0

(0.5) (0.9) - (0.6) (0.4)

Free proline 40 80.0 457.0 98.3 90.0 332.0
(p moles/g dr.wt.) (2.3) (16.2) (3.6} (2.6) {(17.1)

55 70.0 115.0 50.0 50.0 333.0

(3.5) (5.6) (2.3) (3.1) (28.1)

Ascorbic acid 30 0.84 1.39 0.99 1.06 1.55
(mg/g fr. wt.) (0.04) (0.03) (0.06) (0.05) (0.12)
45 ) 1.04 1.20 0.99 0.82 1.41
(0.09) (0.05) (0.08) (0.04) (0.09)

60 - 0.62 0.42  0.70  1.21 . 0.44
(0.09) (0.09) (0.08) (0.05) (0.11)

Foliar injury 75 - 40.7 - - 55.3
(%) - (8.6) - - (14.4)

Values in parentheses represent SE of three replicates; PPYCC = Progeny of
previous year control site plant grown at control; PPYPC = Progeny of previous
year test site plant grown as control; PPYPP = Progeny of previous test site
plant grown at test site.
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be increased by 93 and 48 % in both the sets of polluted plants, over their
respective controls. An increase of 22 % in soluble protein content in normal
polluted site plant and 64 % reduction in the progeny plants were also observed.
However, at the age of 55 dayvs both the set of plants showed only reduction

in the total, insocluble and soluble protein content in the polluted environment.

{(d)} Free Proline

There was an enormous increase in the free proline content of poluted
site plants (Table 38). The increase was 4.7 fold and 2.4 fold in the normal
and progeny plants over the respective controls in 40 day old plants. Further,
the increase was 0.64 fold and 5.7 fold over the control of both the sets of

plants respectvelv in the polluted environment at the age of 55 davs.

(e) Ascorhic acid

The endogenous levels of ascorbic acid seemed to be increased in the
polluted site plants at the age of 30 and 45 days but it was reduced at 60
days (Table 38). 'Iﬂ'hem mf;rease was 65 and 57 % at 30 days, 15 and» 42 % at
45 days while the decrease was 32 and 37 % at 60 days in the normal and

progeny plants in the test site respectively.
(f} Total Nitrogen, Sulphur and Fluoride

The polluted environment brought about a marginal decrease in the total

nitrogen content of normal rice plants at the age of 30 days, {Table 39).



Table : 39 Response of rice cv GR 3 on the fotal nitrogen, sulphur and fluoride
contents in their shoot grown near to, 10 km distant from, fertilizer

plant.
Parameter Age in Normal Progeny

days Control Polluted PPYCC PPYPC PPYPP

30 25.21 22.52 26.78 26.17 30.83
(0.17) (0.56) (0.58) (0.62) {0.68)

Total nitrogen 50 23.50 28.58 21.46 24.867 37.08
{mg/g dry wt.) (0.41) (0.37) (0.17) (0.14) (0.34)
60 26.79 29.38 28.54 27.38 33.33
- (0.12) (0.51) (0.61) (0.39)  (0.34)

75 27.17 29.79 26.83 27.17 22.92
(0.25) (0.74)"  (0.27) (0.27) (0.34)

30 2.12 2.60 2.06 2.10 . 2,42
(0.11) (0.15) (0.08)y (0.07) (0.11)

Total sulphur 50 2.44 2.80 2.24 2.12 2.64
(mg/g dry wt.) {0.13) (0.27) {0.14) (0.13) (0.14)
60 2.60 2.96 2.44 2.40 2,78
{0.11) {0.13) {0.13) (0.12) {0.11)

75 2.860 3.04 2.80 2.60 2.96
(0.13) {0.14) (0.14) (0.17) {0.15)

30 12.0 18.0 13.0 14.0 21.0

(1.0} {(1.0) (1.0) {(1.8) (2.0)

Fluoride 50 15.0 22.0 17.0 14.0 23.0
(pg/g dry wt.) {(1.0) (2.0) {(1.0) (2.0) {1.0)
60 13.0 19.0 19.0 16.0 27.0

(1.0) (1.0) (2.0) (2.0) (2.0)

75 14.0 21.0 15.0 14.0 24.0

(1.0) (2.0) (1.0) (1.0) (2.0)

A

Values in parentheses represent SE of three replicates; PPYCC = Progeny of
previous year control site plant grown at control; PPYPC = Progeny of previous
year test site plant grown as control; PPYPP = Progeny of previous test site
" plant. grown at test site.
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‘However, at the later stages they were able to maintain a marginally high amount
of total N in their shoot po,rtlons in the polluted environment. Conversely, the
progeny plants at the polluted site accumulated a high amount of total N in their
shoot portion than the controls upto 60 days, but at 75 days experienced a

marginal decrease.

The amount of total sulphur content in the rice shoot portion of plants -
grown under the polluted environment showed a marginally high amount of total
sulphur at all the stages of growth. The accumulation was marginally higher

in the normal plants than the progeny plants at the polluted site.

The polluted environment near the fertilizer plant brought about a marginal
increase by 46-50 % in the fluoride content of rice cv GR 3 at different stages
of growth. In the progeny plants the percentage increase was slightly high at

a range of 35-62 at different stages at the test site.
3.2.2.0 Treatments with Chemical Proiectants

3.2.2.1 Growth

The height of the plants and leaf area at the age of 60 and 75 days
as a response to treatment with chemical protectants under polluted and non-
polluted environment are shown in the Fig. 18. The plant height was sharply
reduced in the pollutéd environment in all the cultivars and the ‘chemical treat-
ments provided no significant effect on the plant height under polluted environment.

The reduction range was from 40 to 48 % in 60 day old plants and it was 40
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to 56 % in 75 day old plants of all the treatmc?nts. Only high N applied plants
showed slight improvement™ ( hot“ significant) over the normal plants at the polluted
site. Though there were highly significant reductions in the photosynthetic leaf
area of plants in 60 day old plants, their reductions were ‘minimised in 75
day old piants. Application of HN had minimised the reduction from 55 to 28
%, putrescine 67 to 34 %, spermidine 57 to 23 %, spermine 66 to 49 % and
ascorbic acid from 41 to 19 %. However, the reduction in kinetin sprayed one
was increased from 60 to 64°% due to a vigorous growth in the control plants.
The foliar injury was found to be minimised by 12, 23, 31, 32, 33 and 34
% in kinetin, ascorbic acid, high N, putrescine, spermidine and spermine treated
plants respectively as against 41 % in normal planis at ‘the age of 75 days (Table

41 and 38}.

The fresh weight and dry weight of leaves as a response to chemical
treatments under polluted and nonpolluted site are shown in the Fig.19. The
fresh weight of leaves was found fo be reduced by 20 % in 60 day old plants
and 53 % at the age of 75 davs in the polluted envircnment. High N regimed
plants also showed a reduction of 37 to 57 % in their fresh weight of leaves.
At the age of 60 days the leaf fresh matter was significantly affected under
all the chemical treatments. In the polluted site-normal plants no significant
difference was evident in the dry matter of lea‘ves when compared to the control.
However, there were sigrﬁﬁcént reductions under high N application and pufrescine,
spermidine, - spermine and kinetin spray treatments when the, plants were at
the age of 60 days. Interestingly, ascaorbic aci& treated plants showed an increase
of 27 and 21 % in their leaf dry matter at 60 and 75 days respectively. This

was due to the fact that ascorbic acid itself brought about a decrease in dry
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matter accumulation of control plants and this decrease was less under the
polluted environment. Spermidine spray also rendered in an increased dry matter

whereas other treatments showed no increase.

Air pollution had affected the fresh :and dry weight of rice culms to
varying extent (Fig.20). The plants grown without treatment in. the polluted site
showed a marginal increase in the fresh weight of culm when compared to the
control. Under -high—N there ~was  a marginal reduction at 60 and 75 day old
plants, however, it was interesting to note that in 75 day old HN regimed plants
the accumulation of fresh matter was high when compared to the rest of the
polluted plants. The foliar application of ascorbic acid and spermidine produced
an increase in the fresh matter of culm in 60 and 75 day old plants. On the
other hand polyamines and kinetin sprayed plants showed only reduction in 60
day old plants. The dry matter accumulation of the culm was found to be reduced
in the polluted site plants but were not significant, It was interesting to note
~that HN regimed and ascorbic acid sprayed plants showed a high amount of ary
matter accumulation among the polluted site plants, over their respective control.
In 75 day old plants an increase was also observed in putrescine and spermidine

sprayed ones while rest of the treatments experienced only reduction.
3.2.2.2 Yield and Yield Atiributes

The air pollution of the fertilizer factory had affected the yield and
yield attributes of cv GR 3 to varying extent, inspite of the ftreatments with
various chemical protectants (Table 40). The length of the panciles and number

of spikelets per panicle were significantly reduced in all the treated plants when
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compared to their controls. Interestingly, all the treated plants of polluted

environment had a ‘marked increase in the number of panicles per plant. However,
all experienced a 91 to 98 % sterility in their grains as against the 28 to 42 %
of the respective controls. The dry weight of filled grains {economic yield)
was also significantly reduced in the freated plants. It was interesting to note
that under the polluted environment the high N r"egimed plants showed no significant
reduction when compared to its control, which was not so in rest of the treat-
ments. Moreover, under ascorbic acid and high N regimed plants there was
a significant increase in the amount of dry unfilled grains over their control.
Straw weight was found to be increased in, most .of the treatments and the biclo~
gical yield was significantly high only, under ascorbic acid and high N regimed
plants in the polluted conditions. The 100 grains weight (quality) was also not
affected under high N regimed . plants, however, it was decreased considerably
in the rest of the treatments. The loss in their economic yield rendered a

reduction in the harvest index of polluted site plants.
3.2.2.3 Physiological and Biochemical Responses

(a) Pigments )

The changes in the concentration of pigments-Chl ‘a', Chl 'b', total
Chl and carotenoids were depicted in the Fig. 21 and 22. Fifty five day-old
plants experienced a reduction in the Chl 'a' content in the test site, however,
spermidine and ascorbic acid treated plants showed an increase of 7 % over
the control. Nevertheless, at the age of 70 days except the spermidine sprayed
plants all the others showed a sharp reduction rangir;g from 21 to 46 %. Ascorbic

acid treated plants showed no difference to the control.
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The Chl 'b' content also seemed to De affected to varying extent (Fig.
21). The\ reduction was 29, 13, 33, 16, 19, and 28 % in 55 day old plants
and 53, 20, 31, 34, 23 and 43 % in 70 day old plants under normal, high
N, putrescine, spermidine, spermine and kinetin treated plants in the polluted
conditions, respectively. Though there was an increase in the Chl 'b' content
by 12 % in the ascorbic acid treated plants at 55 days, it got reduced by 38 %
at the age of 70 days, as compared fo control.

The amount of total Chl appeared to be reduced by 1\6 and 48 % at
5;5 and 70 day old normal plants when compared to the control (Fig.22). Under
high N regimed plants the reduction was 10 and 21 % respectively. In gther
treatments the reduction ranged from 2 to 38 % at both the periods. Interestingly,
there was an increase in the total Chl content of polluted site plants by 9 %
in 55 day old plants sprayed with ascorbic acid, however, it was reduced by

5 % at 70 days.

The carotenoids content also showed varying degree of response to
the - polluted environment (Fig.22). In the normal plants {without any treatment)
there was a reduction of 13 and 34 % at the age of 50 and 70 days respectively.
The reduction under high N was 7 and 18 % (half of tﬁe normal N) accordingly.
It was interesting to note that in the spermidine sprayed plants there was an
"increase by 14 % at 55 days and decrease by 23 % in 70 day old plants. Further,
ascorbic acid sprayed plants showed a marginal increase in their carotenoids
content when compared to control. However, rest of the freatments experienced

only reduction in the poliuted conditions.
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{b) RWC

The relative water content of 55 day old rice plants was appeared
to be increased under high N by 6 % (Table: 41). However, it was decreased
in spermidine, spremine, and kinetin treated plants at a range of 6 to 8 %
when compared to the control. |

'

{c} Protein

The treatments of ascorbic acid had ;brought‘ about an increase in the
total protein content by 35 % due to the increase of 68 % in the soluble protein.
Among ‘the polyamines treated plants, spermi@e increased the insoluble protein
content by 43 % and minimised the reduction m the total protein. However, other
treatments showed only reduction by 4 to 29 % in all the protein contents.
Kinetin sprayed plants also showed a reduction of 14 to 27 % in the ‘differeﬁt
proteins (Table 41). ’ (

{d)} Free Praline

It was interesting to note that under the polluted environment the 55
day old plants under all treatmenis showed an enormous increase In free proline
content when compared to their conirol (Table 41). The increase was 2.88
fold, 2.05 fold ‘and 2.03 fold in the spermine, Kkinetin and high N regimed plants

over the respective controls. However, the increase was only 80, 22 and 37 %

in putrescine, spermidine and ascorbic acid treated plants respectively.



*soieordoa esayy Jo HS usseadea sessyusaed ur saniea ‘psmyod = 4 ‘Toawon = 9

(g-9) (g°8) (8°¢g) (1-o1) (0°%v1) (g5} (%)
0°1¢ - 0°€2Z - 6°T1T - L €€ - L'ZE - £:z¢ - Amfur aerod
(6°%) (g-9) (¥-9) (g'6) (z°s1) (o°te) (9-4) (8°11) (¥'9) (s'8) (6°6) (80T} (-mm-qy 8/8d)
0°'FP6G 0°90S 0°ZL9 0°%¥98 0°%Se 0°99IT 0°969 0°8Z6 0°909 0°0ZL O'€Ey 0°Z€8 proe 0[QJ00SY
(6°¢) (p72z) (z°2) (%) (3'9) (e€) (v-2) (z'e) (L9) (L2) (z2'v) (6°27) (- 8/sspou d)
'0°L6T 0789 0°L8 £°€9 0°8LT €°8S 0°ZLT 672§ 0°82T 0°S0T 0706 008 auTOId 8814
(¢*0) ((v-0) (e71) (6°0) (vv0) (5°0) (6°0) (670) (¢.°0) (8°0) (6°0) (7°0)
18 08 86T 8'TT 89T G°6T 6°9T L LY 0°91 R A z°61 891 alnos
(e't) (g1} (6700 {g-0) (¢r0) (1°1) (v-0) (5°0) (gr0) (z:0) (8'0) (¥-0)
z°'9¢  S°pE 0721 L'TT L6 £°€1 £ €1 8°S1 2'91 £°11 £°8T g1z anIosu]
(g'1) (6°1) (z°2) (1) (6'0) (9°1) (e°1) (v°1) (5°1) (1) (1) (8'0)
vy s'gv 8°1E G €T 692 8'z¢ z°og G ge (A A g ee G g €8¢ [e10L,
(*im -3y 8/3u)
ui8101d
(0'z)y (oz) (o°e) (o2 (o'v) (o'z) (o2 (o°g) (oe) (oz) (o°2) (0°¢)
0°16 0°98 0°18 098 0'L8 0'€6 0°¥8 0°68 098 0'¥6  0°¢6 0°06 (%) omy
d 9 d 9 d 9 d 9 d 9 d 9 SJejeueIed
N-UBTH pIDE DI1QJ0DSY unauy aurwladsg sutprwaadg aursamnyg : Slusugeag,

*slusutieaal [EOIWEUD SnoLIesa Jepun ‘uocgnyiod
JIe OTUOIYD O} € ¥9 AD 8011 Jo (sAep ¢, k) Aanfur aerjo; pue (sAep ¢ 1e) sasuocdssa (eotweyootld TP 9IQBL



..95..

(e} Ascorbic acid

The endogenous level of ascorbic acid appedred to be increased only
under high N regimed polluted site plants (Table 41). In the rest of the treat-
ments, ‘it was invariably reduced., Exogenous application of ascorbic acid did
not produce any increase in its endogenous levels in the plants at the polluted

environment.
{f) Polyamines

The contents of the polyamines - putrescine, spermidine and spermine
are depicted in the Fig. 23 along with the plant height at the age of 60 days.
The magnitude of inhibition in the plant height of the test site plants was
apparently minimised after the polyamines treatment. Nevertheless, the endogenous
levels of putrescine, spermidine and spermine showed a sharp reduction of
more or less 60 % in the polluted site plants when compared to the conirol
plants. An attempt to correlate the total endogenous levels of polyamines with
the height of the plants and leaf area showed the levels significant at 1 % (r=

0.891) and 5 % (r=0.687), respectively (Fig. 24).
(g) Total Nitrogen

Fifty day-old plants at the polluted environment showed higher amount of total
N content in their shoots under all the treatments (Table 42). The increase
was between 8 and 55 % over the controls. However, at the age of bu gays

the levels were below the control or percentage of increase was much lesser



1.2

10

08

06

04

02

1. PLANT HEIGHT * |
B WITH LSD AT 5% LEVEL:
g0k 6—o0:PUTRESCINE CONTENTN '\ 11H N
©--©:SPERMIDINE CONTENT ) rgp
Q- -@:SPERMINE CONTENT BARS
80 | | i
70 ]
60 - 7
50 F b
3y
i}
_ =T "
T @ '
G AL ¢
W R I
T 30 poql T
v i
— v :
prd ! !f.'
< . v/ d T
i 20r ¢ ; \ ’,. .
0} ® .
0
o o e o o
- (_‘3 ] = =
)
O

Fig.

in rice ¢cv GR 3 as affected by air pollution.

The plant height and endogenous levels of polyamines

M moles/ g frowt

.,‘
1

POLYAMINES CONTEN]



r=0.891 r=0.687

S

PLANT HEIGHT cm
£~
o

significant significant
at 1% at 5%
[
§
- ® o 200
© 3 L
0 <
L
- o 100 <
—
| | | I ] I
0 1 2 3 3 2 1 0

POLYAMINES CONTENT M mol/g fr.wt.

Fig. 24 Correlation of total polyamines content of rice cv
GR 3 with the plant height and leaf area as affected by

air pollution.



‘sgjeoridaa ssay Jo gg jussaadoaa mmmmﬁcmmma ur sentea ‘pemped = 4 ‘Toxuod = )

(tz'0) (u1-0) (sz°0) (12°0) .mmﬂ.ow (1z'0) (uz*0) (zz'0) (¥1°0) (3Z2°0) (60°0) (OT°0)

Zt'e  09°¢ 26°¢ ¥9°¢ 78°C L8°C 20°¢ v6°¢ 28°¢ 88°¢C 18°¢ ETAR AN SL
(z1°0) (gT1°0) (1£70). (¥z'0) (s1°0) (60°0) (61°0) _(szT1°0) (1T°0) (L1'0) (¥1°0) (ST°0) .
99°z 0t°¢ 86°¢ 882 18°C 1972 68°¢ 88°¢ 6L C ¥8°¢ 58°¢ GL°C 09
(61°0) (tz'0) (82°0) (91°0) (gz'0) (rv°0) (yv-0) (vz'0) (st-0) (zr-0) (81°0) (¥1°0)

W'z vZ'¢T €92 06°¢ 86°C 29°¢ 19°¢ 6L°C 29°¢ 89°¢ 89°¢ £8°2 0s

. (wy8rem Aip 3/3w) amuydms Teiol

(¢¥°1) (0z°1) (se°T) (¥er0) (41'2) (15°0) (0e'T) (I5°0) (18°T) (61°0) (¥e'T) (LZ°0)

¥0°1€ 00°vZ 0S°LZ ge°61 6L°%2 STLY 8€°¥Z €T°8T £€1°€2 £9°0C L1°VC GSL 81 QL
(15°0) (g9g-0) (84°0) (¥1'0) (¥8°0) (sv:0) (16°0) (¥8-0) (86°0) (89-2) (i6°0) (91°1)

8€°6Z TL°ST 88°9¢ L9°v¢ 8G°vZ  L9°1¢ €962 26722 86°9T 8s"vZ  12°0¢ E£1°8Z 09
(zv'0) (ver0) (18°2) (oz'tv) (15°1) (15°0) (¥e'tv) (¥8-0) (zs'0) (¥£°0) (08°0) (81°1)

GZ°0¢ 2Z¥°0C 8BE°6Z 0061 SL 82 8E°61 rAARYA L1°61 0S8°6T 00°8T 00°%C 08" 41 0§

(TuSrem Aap 8/8m) uvaeSonmu 1ejO]
d 2 d D d 3 d . d 9] d J
N-USTH pIoe 21QJI008Y uneuny autwasdg surprutxadg - aurnsagndg gAep up o8y

‘SjUsWiEaJ) TEOTWSYUS JUSJSIID WM juerd JSZINJL]oU}D) woJy juelsp ud{ O pue ‘(d) ol
Jedu umoa8 ‘sjooys JEy UT suewos anydms pue usSOMIU [ej0} OYl U0 JEARMO 8oL ¢ ¥9 Jo osuodsay zp : OQel



*sejeordea ssay Jo 3¢ jussaadea sassyuesed ul senfeA”

.

(z)vz (2)sT  (T)6T (T)zT (D)1 (1)zT

(z)8z (t)st (z)oz (z)gt (Z)9z (t)st GL
(zyez (vt (2)22 (1)1 (2)vz (1)ST (2)92 (z)at (z)az (t)er  (zZ)ze (z)gt 09
(z)e1 (z)ev (Z)oz (Z)ev  (Zioz  (T)y1  (2)rz  (1)e1  (glez (mIst  (2izz (1)¥t 0S
d J d J d J d 3 d J d J
N-USTH PIOB D1QJI00SY unsuny autwaadg aurprwaadg aurosaaing sAep ur a8y

‘SuswWIEsd} TReOIWaYD juslsnp Wim jueld JozIm@Jsl sy ‘(D) woJgl jels|p wy g1 pue ‘{d4) 01 Jesu
umoa8 ‘sjooys Jme ur (Bem Aap 8/8r]) jueuos spriony TR0} Sy UC JRATIMD 901X ¢ ¥9 Jo asuodsey ¢f : 9[Qel



..96..

than the reported values at 50 days. The increase in total N content was further

improved at 75 days.

{h) Total Sulphur

In 50 day-old plants the total sulphur content in the shoot systems
was found to be marginally \increased in the Kkinetin, ascorbic acid and high
N treated polluted site plants (Table 42). However, it appeared to decrease
marginally in the polyamine sprayed polluted site plants. At the age of 60 and
75 days only high N and ascorbic acid treated plants showed an increase of
16 to 20 % and 5 to 11 % over their respective controls. In the rest of the
treatments there was no marked change in the sulphur content of plants grown

near the fertilizer plant.

(i) Fluoride A : S

The high nitrogen treatment found to reduce the fluoride content of
rice cultivars at 50 days and later the increase was upto 60 % over the control
(Table 43). At the age of 60 days spermidine treated plants showed 115 %
increase in the fluoride content over the control. The ascorbic acid treated
plants also showed a lesser increase as observed in high N, while other treat-

ments experienced an increase above 60 % at one time or other.



..97..

3.3.0 FUMIGATICN STUDIES

3.3.1.0 Growth Responses

3.3.1.1 Shoot Length

The artificial fumigation of gaseous air pollutants on the rice seedlings
between 21 and 30 days had invariably affected their shoot length, as recorded
2 and NH3 the
shoot length of cv CO 43 was significantly inhibited. However, a highly significant

in 31 day-old plants {Table 44). To the individual fumigation of SO

increase was observed in the cv GR 3 to NH3 fumigation, under HN. The fumigation
of NO2 had increased the shoot length of cv TKM 9 under NN. The cvs CO 43
and TKM 9, grown under low N were adversely affected by the individual fumiga-
tion of NH3 and SOZ' Conversely, the shoot length of cv GR 3 was found to
be increased té NH3 fumigation, The SO2 fumigation showed an adverse effect
as shown by reduced shoot length in cvs GR 3 and TKM 9 under high N, while
I\ﬂ”i3 fumigation effected only reduction in cv TKM 9., Interestingly, all the three
cultivars fumigated with NO2 significantly increased their shoot length and it

was greater in cv GR 3 followed by TKM 9 and CO 43 under HN,

The effect of the mixture of SOzand NH3 appeared to be adverse to cv
CO 43 and favourable to cv GR 3 as depicted by their shoot length, wunder NN.

The mixture of SO2 + NOz found to be toxic to all the three cultivars as represe-

nted by the reduction in shoot length. The mixture of SO,, NH, and NO2 produced

2' 3
significant reduction in the shoot length of the cv CO 43 and there was no marked

effect in other cultivars. Under low N the inhibition was evident in cv CO 43 -
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to 802 + NO2 mixture. The mixture of 80,, NH3 and NO2 rendered a reduction in

the shoot length of the cvs CO 43 and TKM 9, while it increased in the cv

GR 3. Under high N the mixture of SO, and NH, inhibited the shoot length of

2 3
cv CO 43. The cv TKM 9 appeared to increase its shoot length to the fumigation

of SOz + NOZ'

the shoot length in the cvs CO 43 and TKM 9 while it produced no effect on

The mixture of all the three pollutanis significantly increased
‘the cv GR 3 when compared to control.
3.3.1.2 Root Length

The individual fumigation of 802 brought about a significant reduction in
the root length of all the cultivars under NN (Table 45). The inhibition was
alf;o significant to N’H3 fumigation in cvs CO 43 and TKM 9. NOz produced no
significant effect. Unde;: low N regime no considerable variation was occurred
in the root length of the cultivars. Under high N a sharp reduction was evidenf
in the cv TKM 9 to the individual fumigation of 80, and NO,. NH, fumigation
rendered a reduction in the root length of cv CO 43. The mean effect of individual
treatments under HN regimed plants cv TKM 9 also showed a significant reduction.

Under LN regime the exposure of 802 + NH3 to cv GR 3 and SOz + N()2 mixture to

cv CO 43 were reduced the root length significantly.

3.3.1.3 Shoot Dry Matter

To the individual fumigation of SO2 and NH3 the cvs CO 43 andTKM 9
experienced a significant reduction under NN, while cv GR 3 showed a significantly

increased shoot dry matter \production {Table 46). NOz fumigation reduced the

’
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amount of dry matter in the cv CO 43 and the reduction was highly significant
in the cv GR 3. Under low N regimed plants, 802 decreased  the dry  matter
in the cv GR 3 and increased in the cv TKM 9. NH3 fumigation sharply decreasedthe
accumuiation in the cvs CO 43 and TKM 9 while it increased in cv GR 3. Under
high N cultivars GR 3 and TKM 8 were sharply affected by ‘SO2 fumigation and cvs

CO 43 and TKM 9 were affected by NH, fumigation. NO, increased ' the shoot

3 2

drv matter in the cvs CO 43 and GR 3 under HN. Interestingly, NH

3 fumigation

reduced the amount in the cv TKM 9 under all the N regimes.

The mixture of S(J2 and NH3 brought about a significant increase in.

the cv GR 3 in their shoot dry weight. The mixture of SO2 and NO2 reduced the

dry matter sharply in all the cultivars under NN. LN regimed plants of cv GR 3

2 + NH3 and 802 + NH3 + NOZ and the cv

TKM 9 to the mixture of SO2 + NO2 showed a significant increase in their shoot

o * NH3 rendered a significantly high dry matter

when exposed to the mixture of SO

dry matter, Under HN, SO
accumulation in the c¢v GR 3, however, it was reduced in plants exposed to
the SO2 + NO2 mixfure, Nevertheless, cv TKM 9 showed significant increase in
the presence of 802 + NOZ' To the mixture of the three pollutants, cv CO 43

experienced -a significant increase whils others showed no effect.

3.3.1.4 Root Dry Matter

Individual fumigation of S(;l2 and NH3 sign:iﬁcanﬂy increased the root dry

matter accumulation in the cv TKM 9 (Table 4’7). Under deficient N SO2 and NH3

fumigation brought about significant increase in the root dry matter in cv GR 3.

The mean of all the treatments in NN and LN regimes also showed corresponding
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increase. To the mixture of SOZ and NO2 the root dry weight was sharply reduced

in the cv GR 3. However,' it was Increased as a response to the fumigation

mixture of SO2 + NH3 + NOZ' Low N regime brought about considerable increase

in the root dry weight of cvs GR 3 and TKM 9 towards SO2 and NO2 mixture. The

cv CO 43 increased its root dry matter under 802 + NH3 + NO2 fumigation, under
HN, 802 + NHamixture produced tremedous increase in the cv GR 3 while it was

decreased towards 802 + NO2 mixture.

3.3.1.5 Total Leaf Area (TLA)

The individual fumigation of SO2 brought about a decrease in the total
leaf area of the cv CO 43 and a significant increase in the cv GR 3 (Table

'

48). NH3 fumigation also produced an increase in the TLA of the cv GR 3 but
sharply decreased in the cv TKM 9. However, TLA was appeared to increase in
the cv TKM 9 to NOZ' Under deficient N the TLA of cv TKM 9 was sharply reduced
to SO2 and NH3 fumigéﬁons whereas in cv GR 3 it w‘as increased under NH3 fumi-
gation. The same pattern of effects were evident under high N regimed plants.
Besides that NOZ fumigation also increased the TILA of cvs GR 3 and TKM 9:

The fumigation mixture of SO, and NH, effected an increase in the TLA of

2 3

the cv GR 3 under NN. But, the mixture of SOZ + NO2 farodﬁcéd . a reduction
in the cvs GR 3 and TKM 9. The mixture of all the three pollutants rendered
a marked reduction in the TLA of the cv CO 43. Under low N the mixture of
SOZ' NH3 and NO2 produced a significant increase in the TLA of the cv GR 3
while the TLA was decreased in TKM 9. Under HN regime the cv GR 3 had an

increased TLA 1o the mixture of 802 + NHB and cv TKM 9 had a decreased one.
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It was interesting to note that the TLA of all the cultivars were significantly
increased to SO2 and NOZ mixture. To the mixture of all the three pollutants
the cvs CO 43 and TKM 9 experienced an increase while cv GR 3 showed no
effect on their TLA. No significant visible injury symptoms were observed except
few indications of marginal decolouration in the olderj leaves of rice plants to
SO2 alone and its combinations with the other poliutants, 8 days after the comme-
ncement of fumigations.

3.3.1.6 Leaves Dry Matter

The dry -matter of leaves was found to be considerably reduced in
the cv CO 43 towards SO'2 fumigation, while it was significantly increased in

the cvs GR 3 and TKM 9 (Table 48). NH3 fumigation brought about a highly signi~

- 13
ficant increase in leaves dry matier in the cv GR 3, though, it sharply decreased

in the leaves dry matter of the cv TKM 9, under NN. In low N regimed plants
of cv GR 3 the dry matter was sharply reduced by 802 fumigation but was signi-
ficantly increased under NH3 fumigation. A significant decrease was also evident in
the cv CO 43 to NH3 and in the cv TKM 9 to NO2 fumigation. High N regimed
plants of GR 3 culdvar showed a significant reduction to SO2 and an increment
to NH3 fumigation, as observed in the LN regime. Nevertheless, the cvTKM 8

which experienced a sharp reduction in the leaves dry matier under low N,

significantly increased the same under high N to NO

2 fumigation.

The fumigation mixture of 802 and NH3 brought about a highly significant
increase in the flry matter of leaves In the cv GR 3 while the dry matter accu-

mulation was sharply_ reduced. in the cv TKM 9, under NN. However, both the



(#) 6T = % ¢ pue(sx) 2°C = % T 1€ QST

8°cT 00z €%l 6'vT L€l 9°0T L'zt 0yt 70l SjusulEas) JO UBON
6°€T  =0°LT 0°6T LT =T'€T  #8°FT  S°6 0% 07T 16 2on +Eun +%0s
L'ET  #8°9T 0°6T  €°€T  #G°9T  b'€T «x2°2T ##0°2T  I'IT  %°6 Con +%os
p'vT  9°€T  =0°2¢  8°¥T 0°ST  0°€T  0°0T #+2°ZT #s6°9T  0°CT Can +%0s
6'¢T  O0'PT . 0°0Z  L'€I 0°6T €¢I 0°6 0°9T  0°€T  L°0T T oawo)
m:oﬁmwwsa\cmx.ﬂz
(%) 9T = % G PUB(x) 0°C = % T 38 QST
091 9°61  £°¥1 L€ L'7T T'6 L%t T'ST vOT siueulReq JO UBS
0°PT  #xC'8T 1°02  L°¥T  «v'€T 0°CT  0°6 % v'eT 0TI %on
T'%T  6°C€T  #+€'1z  0°FT 0'PT  #8°FT  =L°8 £G°€T  #+1°9T  L°0T Cmn
8'€T  0°9T  #€'LT €7l L'€T  =2°TT  0°0T  =G°9T  #B8°ST  %9°6 ¢0s
0°%T  0°ST 0°6T 091 0°'ST  0°€T  0°0T 0°ST  0'FT 0TI 01u0)

suonesiuny  [ENpIAIPUL

sawifay jo .
uesi 6 L £ U9 £y 0D 6 WAL € ¥) €y 0D 6_LL £ ¥ €7 0D

N USH N MmO7] N TewaoN

*saufed N 990U JOpPUN SUOHBUIGQWOD Ul pue
TenpIAIpUT Noz pue mmz ‘ mo.m 0] anp SsJeAnmo &o11 @axy Jo (juerd/8w) ySrem AJap seaes] oy ur sefuey) GF : OIQEL



p ..102..

s

cultivars experienced a reduction towards the fumigation mixiure of SO2 and NO2 .

The ' mixture of all the three pollutants produced a significant reduction in the
leaves dry matter accumulation in the cvs CO 43 and TKM 8, while the cv GR 3
showed no significant effect. Under low N regimed plants cvs CO 43 and TKM 9
showed a considerable increase in the leaves dry matter accumulation to SO2 and

NOZ mixture. Combination of all the three pollutants brought about an increase

in the cv GR 3 but dry matter accumulation in the leaves was decreased in
the cv TKM 9, Under high N c¢v GR 3 produced significantly high amount of

leaves dry matter to SO, and NH, mixture. The c¢v TKM 9 showed significant

2 3

increase towards SC)2 + NC)2 mixture and to the mixture of all the pollutants.

3.3.1.7 Specific Leaf Area, (SLA)

The cv TKM 9 experienced a significant reduction in the SLA to NH3

fumigation and it was increased to NO2 fumigation (Table 50). The low N regimed

plants of cv CO 43 showed a sharp reduction in"the SLA to SOz and increment to

NH3 fumigation. High N regime rendered a sharp reduction in the SLA of cv

TKM 9 towards 802 fumigation. The mixture of SO2 and NHS produced an inhibition

in the SLA of the cv CO 43. On the other hand SOZ and NO2 mixture had signifi-

cantly increased the SILA of the c¢cv GR 3. Low N regimed planis of cv CO 43

showed increased SILA to 802 and NI-I3 mixture but reduced to SOZ and N02 mixture.

Under high N also cv CO 43 showed same pattern of reduction to SOZ and NO2
mixture but increased to the mixture of all the three pollutants. The cv CGR 3
increased the SLA to the fumigation of SO2 and NH3 mixture, however, the SLA was

reduced in the cv TKM 9,
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3.3.2.0 Physiological and Riochemical Responses
3.3.2.1 (a) Chlorophyll 'a‘'

The content of Chl 'a' appeared to be invariably affected in the cultivars
of rice under the fumigation of gaseous air pollutants (Table 51). A marginal
reduction was evident in the c¢v GR 3 under NN and LN regimes to SO2 fumigation.

Though cv TKM 9 showed an increase fo SO, under NN, LN regime brought about

2

reduction in Chl 'a' resembling the cv CO 43 whereunder the level was decreased.

Interestingly, cv GR 3 increased the amount of Chl 'fi' to NH3 fumigation under NN
and LN regimes. The level of Chl 'a' was found to be reduced in cv CO 43
under NN. The fumigation of NC)2 rendered a reduction in the Chl ‘a' of cv
GR 3 but the content was enhanced under LN of the cv TKM 8 . The content of

Chl 'a' seemed to be high to the mixture of S0, and NH, in the c¢cv GR 3 in

2 3

‘general. 'I'ypica]ly’ tl{e mixture of SO2 and NC)2 wa~s“ f:OUI:ld to vbe ﬁighly sensitive in

all the regimes of rice cultivars showing mostly inhibition under NN. The mixture
of all the three pollutants produced a considerable reduction in the cv CO 43 .

under NN, however, the content was increased in cv GR 3 under NN and LN

regimes.,

{b) Chlorcphyll 'b’

The content of Chl 'b' was found to be reduced under NN in cv TKM 9
and there was no significant effect in others as a response to SO2 fumigation

{Table 52}. SO2 had reduced the amount of Chl 'b' under LN in cvs CO 43
and TKM 9 and under HN in cvs CO 43 and GR 3. NH3 fumigation brought about an

inhibition in the cv CO 43 by 12 % under NN. The c¢v GR 3 had a marginal
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4

enhancement in the Chl 'b' content to NHS fumigation under HN and there was no
marked effect in others. To NO2 fumigaion cv TKM 9 showed an increase in
the Chl 'b' content under NN while cv GR 3 experienced a 8 % reduction over
the control., The cv CO 43 under LN regime showed a reduction by 21 % but

a 11 % increase was evident under HN to NO2 fumigation in the same cultivar.

Tﬁs mixed fumigation of SOz and NH3 reduced the amount of Chl 'b' in
the cv TKM S§. The cv CO 43 showed not much difference under all the N regimes,
while in cv GR 3 HN resulted in a 12 % increase. Inhib'iﬁon of 18 and 19 %
were evident in NN regime of cv CO 43 and GR 3 to the mixture of SO2 and NOZ'
The fumigation of all the three gases depicted a decrease in CO 43 and an increase
in GR 3 and TKM 9 cultivars under NN regimes. The inhibiion was minimised

under LN and HN of CO 43 and there were no significant effects in cvs GR 3

and TKM 9,
{c} Total Chlorophyll

Under NN regime the cv CO 43 showed no disparity between the conirol

and the individual fumigation of ‘SOZ‘ ancl"NO2 ‘under " NN "~ but” showed a marginal

reduction in the total Chl content to NH3 fumigation (Table 53). The cv GR 3

showed an interesting increase of 20 % to NH3 treatment but there was a marginal

inhibition to SOZ and NOZ’ On the other hand, cv TKM 9 showed no significant

effect to SO2 R NH3 and NO2 individually. Under LN there was a marginal reduction
in cvs CO 43 and TKM 9 to SO2 fumigation and under HN regime the reduction

in the total Chl was noted only in cv CO 43.
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The cv CO 43 showed not much effect in its total Chl fumigated with

the mixture of SO2 and NH3 but was reduced by 19 and 20 % to 'SOZ + NOZ and

St’.)z + NI-I3 + NOz mixtures. On the other hand cv GR 3 showed a marginal increase

in total Chl to the fumigation of SOZ + NI—I3 and SO2 + NH3 + NOZ mixtures, but was

reduced to SO2 + J&KBT.~ The cv. TKM 9 depicted no. significant. effect to the .mixed

fumigations under NN. Though the mixture of SO, and NH, under LN brought about

2 3
a reducton in the total Chl of cv CO 43 and an increase in cv GR 3, they were

insignificant. To the mixture of SD2 and NC)2 under HN regime, cv €O 43 responded

with a reducton in the total Chl. To the fumigation of S0O,, NH, and NO, mixture

2" 73 2
the cv CO 43 showed a 26 % reduction under LN regime and the cvs GR 3 and

TKM 9 indicated no significant effect under LN and HN regimes.
(d) Chlorophyll Temperature Stability Index (CTSI)

The individual fumigation of 802 and NO‘2 produced a lesser chlorophyll
stability indices in cv €O 43 and TKM 9 under NN than the conirols (Table 54).

The ov GR 3 experienced a higher value tn NO,. The NH, fumigation decreased the

2’ 3
CTSI in cv GR 3 and increased in cv TKM 9. Under LN the CTSI was fcund to

be less in cvs CO 43 and TKM 9 to SO2 and high in cv GR 3. To NH3

cv TKM 9 showed reduced value under LN. To NO2 cv GR 3 dramatically increased

fumigation

the index while cv CO 43 responded with a decrease under LN. Under high N

cv CO 43 increased the CTSI to NH3 and decreased to NOZ' A lesser values

were evident in ¢v GR 3 to NH3 and TKM 9 to SO2 fumigation under HN  than

the controls.

Fumigation of E:‘oD2 + NH3 decreased the stability index in cvs GR 3 and

TKM 9 while SO2 + NOZ increased it in all the cultivars. Mixture of three pollutants
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showed a marginal decrease in cv CO 43. LN regimed plants showed significant
increase in the CTSI of cv CO 43 1o 802 + NH3 and of cv GR 3 to SO2 + NO2 mix-
ture. The mixture of three pollutants reduced the index in cv CO 43 and no
effect in cv TKM 9., To the mixture of 802 and NH,, HN regimed plants tremendously
increased the stability index while it was decreased in cv GR 3. However, 1o
the mixture of ‘SO2 and NO2 cvs GR 3 and TKM 9 showed increased indices under
HN and to the mixture of all, the cvs CO 43 and TKM 9 exhibited increased

values dramatically. The increase was 1.2 fold in cv TKM 9.

{e) Carotenoids

The individual fumigation of SO2 brought about a 13 % increase in the
carotencids content in cvs GR 3 and TKM 9 under NN r(Tabl«a 55). The cvs CO 43
and TKM 9 under HN experienced a 13 % decrease in their carotencids content

to 802. ,The cv TKM 9 seemed to be sensitive to NH3 fumigation by showing

21 % reductHon under NN. However, the level of carotenoids was marginally
increased in all the regimes of cv GR 3. HN regimed plants reduced the carotenocids

content to NH3 fumigation by 25 % in cv TKM 9, NG, fumigation brought about a

2
marginal decrease in GR 3 and an increase in TKM 9 cultivars under NN regime.

The cvs CO 43 and GR 3 experienced only inhibition under LN and HN, whereas

cv TKM 9 depicted no significant effect to NO, fumigation.

The mixture of 802 and NH, rendered a modest increase in the cvs

3
€O 43 and GR 3 and a decrease in TKM 9 under NN. HN regimed planis showed a
marginal increase in the carotenoids content in cv GR 3 to 502 + NH3 mixture,

while there was not much effect in other cultivars. The cultivars CO 43
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in its endogenous ascorbic acid content. The cv GR 3 also showed a marginal
reduction under NN. To the mixture of SOZ' NH'3 and NO2 fumigation a decreased
level of ascorbic acid content was noted in cvs GR 3 and TKM 9 under NN.
However, LN seemed to induce the level of ascorbic. acid in the cv GR 3 and
HN induced in cv CO 43 while in cv TKM 9 a reduction was evident under LN.

N

3.3.2.3 Free Proline

The individual fumigation of 7862. NH, and NO, always induced an accumu-
lation of a high amount of free proline content in the leaves of cvs GR 3 and
TKM 9 under HN (Table 57}, A lesser accumulation of proline than the control
under NO2 stress was evident under NN in all .the cultivars. In response lto
air pollution mixtures, proline content was enhanced in cvs GR 3 and TKM 9.

On the contrary, cv CO 43 generally showed a reduction in the proline content

even under high N regime towards fumigations.
3.3.2.4 Total Nitrogen

The changes iIn the total nitrogen content in the shoot of rice cultivars
as affected by the fumigaﬁon of air pollutants are presented in Table 58. The
cv GR 3 showed a r_'educﬁon by 9 % to SO2 fumigation wunder NN, but increased
under LN, However, under HN only cvs CO 43 and TKM 9 ciould accumulate a
marginally high amount of total N. . On the other hand, to NH3 fumigation only
cv GR 3 could show a modest increase under LN and HN, while cv CO 43 experi-
enced a marginal -reduction under- LN. The fumigation -of—NOz——rendered the- cv
TKM 9 to increase the total nitrogen by 21 % under LN, and the cv CO 43 decrease

marginally under HN.



‘soqeordea saay J0 4S wesaadsoa sasayusaed ur sanfeA

(es°T) (rr't)  (g6:0) (00} (06°0) (0L'0) (00°1) (Z8°0) (060) , 2
¥ 1e L8°02 G6°6T 6€°LT S6°ST  PO'ET  60°LT  L9°8T eP LT ON + HN +°0S
(86°0) (19°1)  (6'0)  (L.'0) (08°0) (L1'T) (zL'0) (£9°0) (69°0) z 7
£9°02 £6° %1 29°81 PP 0T €9°8T  0Z°LT 8G°LT SO°€T 86°€T ON +“0S
(06°0) (180} (4270} (g6°0) (61°T) (86°0) (69°0) (18°0) (8v°0) ¢ 2
99°02 12°22 8L°8T £9°GT  LZ'61T ¥O'€T  8F'ST  €I°8T 12°GT HN +°0S
(¥,°0) (zt°1)  (64°0)  (¥4°0) (48°0) (s9°'0) (85°0) (06°0) 148°0) :
1€°61 ST°6T £8° 81 96°ST  6L°ST  88°E€T  ET'9T €I'8T 8v° L1 Beliley)
suogesuny pPoaxXIN
(£9°0) (or't) (8¢:0) (o0z'0) (98°0) (08'0) (06°0) (8%°0) (z°0) 2
£5° 8T ¥0° LT 01°LT €T°6T S6°'FPT  EO'ET ZL'9T  BELT 6€°91 ON
(zZ¥°0) (os*1) (86°0)  (96°0) (vz'1) (29°0) (1) (15°0) (84°0) e
6761 £V 12 Ly L1 98°%T  9€°4T  ST'TT SP'ST  £8°81 22°91 HN
(tz°1) (¥8°0)  (Lz°1)  (2z8°0) (15°0) (86'0) (Z6'0) (8¥%'0) (06°0) z
78°12 ¥L 6T L5702 PP°9T  06°9T  OL°€T  60°9T 8¥'9T 68°9T 0S
(06°0) (18:0)  (s470) (08°0) (z¥-0) (19°0) (¥9°0) (69°0) (18°0)
11°6T 08°81 0Z°81 18°GT  0S°ST 9P '€l €6°GT  TT°8T 68°9T > Tonue)
- suopedrumy [enprATpU]
6 DIL £ ¥9 £v 00 6 WIL € ¥ e 00 6 WML £ W g7 0D
N usH N moT N TeuLION
*SO[AS] N 99.JUl Jepun umoJ8 sJeanno 8011 s8Iyl Jo ("m
Aap 8/8u) usBoau Teio} ag uo CoN pue €N ‘Cps jo sioeye peulquoo pue TenpriaTpul 8§ ¢ 8Iqel

:



..109..

To the mixed fumigation of SO2 and NH3 there was a reduction by 13 % in

cv CO 43 whereas with no change in others. The mixture of SO, and NO, brought

2 2
about 2a 9 % increase in cv TKM 9 and in cvs CO 43 and GR 3 a decrease of

o NH3 and NC}z there was

no significant effect” ifi” all the “cultivars "under NN, Under LN there was a marked

20 and 28 % respectively. However, to the mixture of SO

increase of 22 % in cv GR 3 to SC)z + NH3. The mixture of SO2 and NOZ produced

an increase in the total N content of cvs CO 43 and GR 3 by 24 and 18 % respe-

ctively. To the mixture of S0,, NH, and NO2 a9 % increase in cv TKM 9 was

27 3

evident. Under HN cv GR 3 showed a 18 % increase to SOZ + NH3.

showed .a reduction to SO2 + NOZ' To the mixture of SOz. NH3 and NO2

increase in the total N was observed in cvs GR 3 and TKM 9, when compared to

however, it

a slight
their controls.
3.3.2.5 Nitrate reductase (NR)

The fumigation of gaseous pollutants to rice cultivars affected the activity
of nitrate reductase to varying extent {(Table 59)., Under NN levels, the cvs
CO 43, GR 3 and TKM 9 experienced a reduction in their NR activity by 24,
14 and 11 % to SO2 fumigation, when compared to their 'respective control.

The magnitude of inhibition was of same to NH, and NOZ fumigations. Under LN the

3

cvs GR 3 and TKM 9 showed only a marginal reduction to SO, and NH3 fumigation

2

however, it was modestly reduced in cv CO 43. NO, fumigaton resulted in 20 %

2
inhibition in the NR activity in the leaves of all the cultivars. Under HN there
was an increase by 8 % in cv TKM 9 to SOZ‘ whereas the activity got reduced
in cvs GR 3 and CO 43. As a result of NH3 exposure fhere was an inhibifion in
the enzyme activity in GR 3‘ and TKM 9 and it was high in cv Cd 43. However,

NCJ2 fumigated plants showed a high reduction in all the culfivars.
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All the mixtures of poliutants inhibited the NR activity in the leaves
of all the cultivars, when comnared itn their. respective control. But LN and
HN treatments in the cv TKM 9 resulted in slight increase in NR activity over

its control, to the fumigation with 802 + NH3 and SO, + NOZ mixtures. The mix-

2
o NH3 and NO2 pollutants brought about a slight‘ increase in the cv
CO 43 under LN, whereas it was inhibited in cvs GR 3 and TKM 9. HN regimed

ture of SO
plants recorded an inhibition of low magnitude in all the cultivars.

3.3.2.6 Glutamine synthetase (GS)

The activity of the enzyme glutamine synthetase as affected by the fumi-
gation of gaseous air pollutants is given in Table 60. The activity was found

to be inhibited by the individual fumigation of SO2 . NH, and NOZ in all the Gultivars;

3
The inhibition was 31, 22 and 28 % to S50, under NN, in CO 43, GR 3 and

2
TKM 9 cultivars respectively. The inhibition was marginal {o NH3 in cvs CO 43
and GR 3 and it was high by 48 % in ¢cv TKM 9 under NN. The cv GR 3 showed a
maximum reducton of 32 % to NOz fumigation, as compared to the control. Under
LN regime the reduction was minimum by 9 to 13 % in cvs GR 3 and CO 43
and under HN 4 to 11 % in cvs TKM 9 and GR 3 to NH3 fumigation. Other treat-
ments exhibited a highly I:educed activity of GS towards the individual fumigation

of SO NH,, and NO,.

2’ 3 2

To the fumigation of SO2 and NH3 mixture, the cv GR 3 showed a madmum

reduction in the activity of GS as compared to the other cultivars under NN,

The inhibition was 23 to 48 % to SO, and NO, mixture in all the cultivars. Never-

2 2
theless, it was increased marginally in cvs CO 43 and GR 3 and reduced in
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the cv TKM 9 to the mixture of SO,, NH, and NO,. There was lesser reduction in

2’ 3 2

the activity of GS to S0, + NH3 in the cv GR 3 under LN and in cv TKM 9 under

2
HN than the other variables. The inhibition was high by 30 to 55 % to the mixture

of S0, and NO, in all the culfivars. To the mixture of al the three pollutants

2
the cv TKM 9 showed a much lesser inhibition under LN and HN than the other

cultivars.
3.3.2.7 Total Water Extractable SH Compounds

The fumigation of gaseous pollutants affected the total water, extractable
SH compounds to varying extent (Table 61). SO2 effected into a reduction of
31 % in cv‘ CO 43 while it was increased by 17 % in cv GR 3 under NN, when

compared to the control. There was a marginal increase in the SH contents

of cv GR 3 to 802 under HN while other cultivars showed no significant effect

under IN as well as HN regimes. NH, fumigation reduced the SH content in cv GR 3

3
and increased in cvs CO 43 and TKM 9 under NN. The content was reduced in
cvs CO 43 and TKM 8 under LN and the reduction was evident only in cv TKM 9

under HN regimed plants. The NO2 fumigation rendered an increase in the SH

compounds of cv CO 43 under all the regimes and cv GR 3 under NN,

To the mixture of 802 and NH3 an increase in the SH compounds was

evident by 16 % in cv CO 43 under NN but got reduced marginally under LN

and HN regimes. The cvs GR 3 and TKM 9 showed no significant effect to 50, and

2
NH3 mixture. To SO2 and NO2 mixture there was an increase in the amount of

SH compounds under NN in cvs CO 43 and TKM 8. The HN plants of cv CO 43

also experienced modest increase. To the mixture of 802, NH3 and NO2 " there
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appeared to be an increase by 24, 22 and 56 % in cvs CO 43, GR 3 and TKM 9
under NN, while the increase was only 19, 17 and 13 % under LN respectively.
The HN regimed cvs GR 3 and TKM 9 also had a moderate increase in the levels

of SH compounds in their leaves.
3.3.2.8 Total Sulphur

The fumigation of SO individually and in mixture with other pollutants

2!
had altered the amount of sulphur accumulation in shoot of plants when compared

to the control (Table 62)., Under NN conditions cv TKM 9 experienced an 18

% reduction fo the fumigation of SO,. Under LN cvs CO 43 and TKM 9 accumulated

9
increased amount of S by 31 and 19 % over the control. However, under HN
all the cultivars showed a modest increase in the sulphur content. To the mixture

of SO2 and NH8 the cv CO 43 brought about 32 % incredse, while cv TKM 9§

showed 13 % reduction under NN. SO, + NGO, mixture had resulted in tremendous

2 2
increase of 66, 47 and 37 in cvs CO 43, GR 3 and TKM 9 respectively. To

the mixture of SOMZW, NH3 _and sz ;'.rnl'creaée df 56“5116 _4-6 in the sulphur content
were observed In cvs CO 43 and GR 3, while the content was reduced by 13 %

in cv TKM 9. The mixture of SO2 and NOz increased the S content by 11 % in _

GR 3 under LN. To the mixture of the 3 pollutants cvs CO 43 and GR 3 showed

an 18 and 23 % reduction under LN. To the mixture of SO NH., and NO2 cvs GR 3

2° 3
and TKM 9 showed 12 % increase and 16 % decrease in the total sulphur content

in their shoots of the plants grown under high N régime. .
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3.3.2.9 Buffering Capacity (J3)

The buffering capacity of SO, fumigated plants of cvs CO 43 and GR 3

2
was greatly reduced for H ions (Table 63). With relaton to OH ions it was

equally reduced in cv CO 43 but with marginal change in the other two cultivars.

The fumigation of NH, brought about a marginally increased 'B' in the cv GR 3

3
for H ions and OH ions, while they were decreased for OH ions in cvs CO 43

and TKM 9. The effect of NO, on 'B' was found to be the same as that of SO, for

2

H ions. To the mixed fumigation of SO2 and NH3 the ']3‘ " appeared to be either

increased or not affected for both the type of ions in all the cultivars, but

it modestly reduced in cvs CO 43 and GR 3 for H ions, to the mixture of 802 and

NO However, only in cv CO 43 the 'B' appeared to be reduced for OH ions.

o
To the mixture of 802. 3 o

reduced while cv GR 3 and TKM 8 were marginally increased for H ions in

NH, and NG, the 'B' of the cv CO 43 was severely

the leaves. In relation to OH ions cv CO 43 appeared to reduce the 'B' marignally.
3.3.2.10Leaf Absorption Spectra

Variations were observed in the absorption spectra of leaf of rice
cultivars exposed to the mixture of SOZ' NH3 and NOZ‘ as compared to that
of control in the visible region (Fig. 25). It has been observed that there was
no qualitative shift in the peak of absorption spectrum in any exposed plant.
However, in quantitative- terms; "ﬂ;e absorption was found to be different -at all
wavelengths. The absorption peak at 667 nm has been chosen for evaluating
the effects of thé air pollubdon treatments. The leaf absorption was increased ]
in cv GR 3 by 16.67 % under NN, 18.25 % under LN and 20.63 % under HN.
The cv CO 43 showed increased absorption under NN by 26.67 % and 52.40 %

under LN, however, it reduced the peak by 53.33 % under _HN. On the other
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hand, cv TKM 9 which showed higher pesk than the other cultivars under control
was reduced by the fumigation. The reduction was 41.16 % under !NN, 54.27 %

under LN and 7.93 % under HN.



