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RESULTS

3.1.0 AMBIENT AIR EXPOSURE STUDIES - FIRST YEAR

3.1.1.0 Early Growth Studies /

!

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 polluted environment indicated reduction in the growth 

by 10% in 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.5, 

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 and 85 days after seeding. The number 

of tillers produced was tremendously 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,
A

the production of tillers reached to a level of 11.2 in 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) I 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 regimes (Fig. 6 and 7). The percentage 

of reduction in height was 32, 44 and 52 in cvs CO 43, GR 3 and TKM 9 

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



Fig. 5 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
i

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). 

Though 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 the test site plants. The leaf area of cv CO 43 under 

both N levels and OR 3 under WS-HN conditions was reduced in the test site. 

Marginal bleachings were evident in the leaves nf 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 pollution did not bring 

any difference in the fresh matter accumulation in the shoot system of water 

stressed cv GR 3, at initial stages, 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.
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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;

o ------ -_o = cv CO 43; A------ A = cv GR3;

x x = cv TKM 9.
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i

Fig. 9 Effects of ambient air pollution on 

the fresh and dry weight of shoots of three 

culhvars 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; 

o — o = poEuted cv CO 43; A — A = control

cv GR 3; A----a = poEuted cv GR 3;

x — x = control cv TKM 9; x — x = poEuted 

cv TKM 9.
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Fig. 10 Effects of ambient air pollution on

the fresh and dry weight of 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;

o — o = control cv CO 43; o — o = polluted 

cv CO 43; A— A = control cv GR 3;

A—A = 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 gn.wn 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.oil nitrogen and water levels.



Plate-7

Plate-8

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

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.
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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 cultivars. 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 increase 

was 132, 18 and 42 % accordingly. A high amount of dry matter production 

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 Attributes

The effects of air pollution on the yield and yield attributes of rice 

cultivars are shown in Table 6. Under NN conditions, 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 poEution stress. Further, 

it was interesting to note that CO 43 cultivar accumulated a larger amount of 

straw yield than the other cultivars, with a drastic reduction in the production 

of economic yield (dry fOled grains). Conversely, cvs GR 3 and TKM 9 at the 

poUuted site exhibited a tendency to produce higher economic yield than the

control. However, the 100 seeds weight (quality) of'cv GR 3 was found to be 

less in the poUuted environment. Further, the air poEution had markedly affected

the harvest index in aE the cultivars.
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The imposition of high nitrogen regime had definitely increased the

production 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

control. 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 yield 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

yield 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 imposition of water stress in addition to N regimes provided yet

another pattern in the yield components as affected by air pollution (Table 7).

Eventhough 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 ner plant had brought a remarkable increase in the amount of drv 

filled grains (economic 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 

yield 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 9 cultivars..

3.1.1.2 a Main Effects of Air Pollution on Yield and Yield Attributes

The main, effects of _c.ultLvars . on the yield and yield attributes of rice 

grown near to andlO 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 and1 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 biological 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 Interaction 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 tillers 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 matter 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 

cultivar 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 cultivar and water with the environment 

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



Table : 9 Mean -square values from the analysis- of variance of rice response 
variables, on the number of tillers.

Source df
Numbers

55 days
of tiller/plant

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) 1 488.04** 496.14** 658.00**

C x N 1 0.35 1.10 0.19
C x E 1 0.15 5.36 4'. 33
C x 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

C X N X E 1 0.61 26.39** 12.23*
C X N x W 1 0.97 1.30 4.36
C x E x W 1 1.51 13.06* 9.64*
N x E x W 1 0.87 0.51 0.45

C X N x W x E 1 6.64* 16.84* 27.82**

Error 99 2.12 4.04 3.17
Total 119

Levels of significance : P = 0.05 (*) and *0 II o o * &



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

Source dT
Fresh

55 days
weight of shoot

70 days
system

85 days

Replication 4 ' 29.0** 50.3** 48.6**
Cultivar (C) 2 4.8* 12.6 534.5**
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** 932.7**

C x N 1 0.3 ; 1.2 1.5
C x E 1 1.1 0.5 24.9*
C x 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

C x N x E 1 3.6 6.9 55.8**
C x N x W 1 0.8 5.7 16.9*
C x E X tV 1 5.5* 26.9* 74.9**
N x E x W 1 0.2 10.0 9.0

C x N x W x E 1 73.4** 70.9** 600.7**

Error 99 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.

Source df
Dry weight of shoot system

55 days 70 days 85 days

Replication 4 1.24** 2.34* 1.99

Cultivar (C} 2 0.03 0.57 21.23**
Nitrogen (N) 1 0.01 <0.01 1.76
Water (W) 1 <0.01 5.99** 16.78**
Environment (E) 1 7.65** 17.52** 88.26**

C x N 1 <0.01 ' 0.04 0.03
C x E 1 0.20 0.19 3.01*
C x W 1 0.04 0.02 0.27
W x N 1 <0.01 0.81 0.03
W x E 1 0.03 0.02 0.01
E x N 1 0.02 0.37 0.40

C x N x E 1 0.50* 0.94 6.49**
C x N x W 1 0.13 0.48 0.98
C x E x W 1 0.59* 3.55* 7.69**
N x E x W 1 0.15 1.06 0.87

C x N x W x E 1 7.02** 5.80** 31.26**

Error 99 0.10 0.76 0.99
Total 119

-

Levels of significance : P = 0.05 (*) and P = 0.01 (**)
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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, applied 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 significant 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 significantly 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 in 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 weight of shoot was increased in all the polluted plants 

except 50% water stressed cv TKM 9.

3.1.1.2 c 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

i
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Table : 14 Mean square values from the analysis of variance of rice response 

variables, on the yield attributes.

Source df Panicle
length

Number of 
panicles

Number of
spikelets/
panicle

Replication 4 17.16** 7.75*

1

C
D cn C
O X

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

C x N x E 1 2.14 23.88** 1.07

C X N x W 1 1.66 0.70 1.14

C x E x W 1 1.12 26.07** 1.67

N x E x W 1 2.60 26.46** 0.97

C x N x W X E 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 df ' Number of 
filled grains
x 10"3

' Sterility 
index
x 10-2

100 grains 
weight

Replication 4 8.2** 1.7 0.04
CuLtivar (C) 2 116.8** 76.9** 5.54**
Nitrogen (N) 1 2.3 57.1** 0.01
Water (W) 1 95.3** 61.7** 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
C x 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 N x E 1 24.4** 14.1** 0.35*
C x N x W 1 2.3 1.8 0.12
C x E x W 1 24.9** 12.4** 0.47*

N x E x W 1 1.2 2.2 0.06

C x N x W x E 1 57.0** 32.6** 1.01**

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 variance of rice response 
variables, on the yield attributes.

Source df Biological
yield

Economic
yield

Harvest
index

. n3 x 10

Replication 4 20.80** 1.53 3.0
Cultivar (CD 2 47.85** 13.66** 605.0** „
Nitrogen (N) 1 0.91' 0.85 15.0*
Water (W) 1 29.51** 4.51** 1.0
Environment (E) 1 124.01** 0.21 410.0**

C x N 1 0.07 0.03 0.2
C x E 1 5.96 2.16* 29.0**
C x W 1 0.35 0.03 1.0
W x N 1 0.26 0.01 ' 0.5
W x E 1 0.16 0.06 • 48.7**
E x N 1 0.01 0.01 2.0

C x N X E 1 12.65* 4.59** 152.0**
C X N x W 1 2.16 0.64 10.0
C x E x W 13.34* 4.58** 61.0**
N x E x W 1 0.38 0.25 5.0

C X N x W x E 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 (**).



..70..

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 cultivar (E x C) or cultivar and nitrogen 

(C x N) or cultivar 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 index. 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 cultivar, 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 

yield was insignificant along with cultivar effect. On the other hand, the economic 

yield and number of filled grains showed no independent effect due to environment 

alone but the interaction was significant along with cultivar. The interaction

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 fold over the control. The Diants 

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 9 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 CO 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 brought a sharp reduction in the economic yield 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 CO 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 HN application showed a significant increase in the harvest 

index of plants grown near the factory.

(iii) Interaction due to Cultivar, Water 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 reduction 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 normal watered conditions. It was also evident that there was 

no benefit by the water stress to the cvs CO 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 economic yield, in the plants grown 

near the factory. The cv TKM 9 showed a significant reduction in its economic 

yield and harvest index under 50% water stress, in the polluted condition. The 

interaction of the cv GR 3 with water and environment rendered in the production 

of a high amount of economic and biological yields under both water levels in 

the polluted environment. Nevertheless, there was no corresponding increase 

in the harvest index.

3.1.2.0 Physiological and Biochemical Studies

3.1.2.1 Pigments

A higher amount of Chi 'a' , Chi 'b' and total Chi content was evident 

in all the cultivars under the polluted environment than the control at the age 

of 47 days (Table 19). The percentage of increase in the Chi 'a' content was 

greater in the cv TKM 9 followed by GR 3 and CO 43 than the controls under

both N levels. WN-HN regimed 87 day old plants of cv GR 3 also showed an

enhanced Chi 'a' content in the polluted conditions. However, there were reductions 

in cv CO 43 in 87 days. The amount of Chi 'b' was found to be more by 47 and

73% in cvs GR 3 and TKM 9 under WN-NN .and it was 19, 79 and 48% under

WN-HN regime of cvs CO 43, GR 3 and TKM 9 respectively, than the control at
!
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47 days. However, at the age of 87 days, only cv GR 3 showed a consistently 

increased Chi 'b'--at--the polluted - environment; whereas . in-cvs . CO 43 and TKM 9 

the leaf Chi 'b' was sharply reduced by 60; and 20% respectively, under NN. 

The cv GR 3 showed a marginal increase in the amount of Chi 1 b1 under WN-HN 

regime in the test site. The content of total Chlorophyll also had a corresponding 

increase with the Chi 'a' and Chi 'b' in the polluted site, on 47 days. However, 

at the age of 87 days there were reductions in the total Chi 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 CO 43 was reduced 

by 17% when compared to the control. The ratios of ChL 'a'/Chi 'b1 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 Chi 'a', Chi '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 Chi 'a' content in the polluted conditions, 

while other two cultivars experienced a modest reduction in the content. The

content of Chi ' b' was increased by 61, 57 and 45% in water stressed NN regime 

and 38, 11 and 68% under WS-HN regime of cvs CO 43, GR 3 and TKM 9 respect­

ively. The cv GR 3 showed a marginal increase in the amount of Chi '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 Chi was higher in the NN regime than the HN regime 

of all the 3 cultivars. At the age of 87 days cv TKM 9 under NN arid cv CO 43

under HN regimes showed decreased total Chi content while cv GR 3 showed
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an Increased content under NN, in the polluted condition. There was not much 

disparity between the control and test site plants, in their Chi 'a'/Chi 'b' ratio.

3.1.2. la Ascorbic 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 reduced by 13% in the cv TKM 9. 

On the other hand WS-HN showed high level of ascorbic acid content in all 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 jCO 43. also, showed same pattern 

of increase except WS-HN, where a 15% reduction was recorded.

3.1.2.1 b Free Amino acids

Air pollution exposure to rice cultivar 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 reduction over the control under normal watered conditions and were able
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to maintain high levels of free amino acids at 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. The percentage of increase was 

found to be high in CO 43 by 33 to 80. Under WS-HN, cv CD 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, it; experienced a reduction of lesser 

magnitude at 90 days. The, cv TKM 9 showed, more or less the same pattern 

of accumulation as observed in cv GR 3.
i

3.1.2.1 c Free Proline

At all the stages of growth under normal watered conditions, cv GR 3

was able to maintain a high amount of free, proline in the leaves at both N

regimes at the test site (Table 23). Interestingly, at 90 days, the increase 

'was 2.8 fold under NN and 5.7 fold under HN over the control, whereas in 

cv CO 43 the endogenous levels of proline in the leaves registered a drastic 

reduction under both NN and HN regimes. Further, it was interesting to note
I

that at early stages the per cent change over the control was high in the cv
m

CO 43 under normal watering and it decreased in the later stages of growth

under the polluted environment (Fig. 11). It was viGe versa in the case of
i

TKM 9 cultivar. Under water stress the percentage nf increase over the control 

was much higher in HN regimed plants than in 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 environment 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 total protein content over the control 

was 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 enormously 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 protein to the pollution exposure. However, 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 the cultivars at

45 days in the polluted environment (Table 25). The increase in the total protein 

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

The content of the insoluble 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 extent. 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 70 and 85 days of growth at both 

N levels, when compared to the control. Under water stressed condition also 

more or less same pattern was observed in all the cultivars.

3.1.2.1 g Total QAC

The water soluble quaternary ammonium compounds (QAC) were found 

to be increased in all the cultivars in the' polluted 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 cv 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 Plants at the Dolluted 

site particularly at later growth stage. The high endogenous level that was 

prevalent in the plants of cvs GR 3 and TKM 9 did 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

The1 rice cv CO 43 experienced a marginal reduction in the total nitrogen 

content in its shoot portions at three different growth stages studied, while

cv GR 3 mostly showed a marginal increase and cv TKM 9 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 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 increment 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 while cv TKM 9 

experienced a reduction at the polluted environment. On 70 and 85 days the 

cv GR 3 alone was showing an increase. Under 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 the water stressed 

cultivars. ’

3.1.2.2 Activities erf Enymes

i

The air pollution had promoted the 1 activity 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 poEuted environment under NN as well as high 

N regimes, when compared to the controls. The activity of polyphenol oxidase 

was appeared to be significantly promoted in cvs CO 43 and TKM 9 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 cv 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, regardless 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 polluted environment

when compared to the control.

The activity of enzymes-amylase, invertase and phosphorylase from 

the leaves of 55 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 inhibition in the enzyme activity. Under WS-NN cv 

GR 3 suffered a reduction in its amylase activity, whereas 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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NORMAL WATERING

FIG-12: ACTIVITY OF NITRATE REDUCTASE IN RICE CULTIVARS 
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 cv 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 polluted 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 control 

(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 

till 80 days. Under WN-HN, the increase was consistently observed in the cv



NORMAL WATERED

\CQ 43/ \j3R 3y \tKM 9 C P C P§,
GR3/ \TKM 9/

NORMAL NITROGEN
J L

HIGH NITROGEN



Ta
bl

e : 
32

 The 
ch

an
ge

s in
 the

 amo
un

t of 
to

ta
l su

lp
hu

r co
nt

en
t (m

g/
g dr

y w
ei

gh
t) of

 ric
e cv

s CO
 43

, GR 
3 an

d T
K

M
 

9 un
de

r tw
o N

 and
 wa

te
r le

ve
ls w

he
n gr

ow
n n

ea
r to

 (P)
, and

 dis
ta

nt
 fro

m
 (C)

, a f
er

til
iz

er
 pla

nt
.

y—N r-s
Cl,

ID CSJ o css O 03 in o o m o

O)
CD rH o CO CSJ CSJ rH ca CO CO

CNJ O CO o CO o CSJ o 03 O ro O
2 w w N—' v—' <w* wS

^-NH o to o in O rf o rH o LO O rH
O

o o CO rH C- rH •r rH 00 rH ca
CSI o CSJ o N O CSJ o ca o ca o

V-*. w w w W

y—. y—s y—“k
LO !> o CO O <M in 03 in ca o l>
rH tH CO o CSJ rH o ca CO CD rH

Oh • * * • • * • • • • • •
z CSJ o CSJ o co O csj o CO o ca o

CO w-» v_ V—» V—r

1

jC & s >—s /—s y-^S y—NCD o LO o CD O t> o CD o ©
a a

rH T-I rH O CO rH CD o ca in rH

CO O CM o (M O ca O co o ca O
s—/ w w w

,__, /—s y—»o O !> O m LO O 03 m ca
Oh

CO o in o 03 o CJ o o ca to rH

CO CM o CSJ o <n o , CSJ o o ca o
'w' w' w w

8
/—* -

O in o CSJ O C" o CO o © o o

o
rH o rH rH <<* o CSJ o CO o 'D* rH

CSJ o CSJ o CSI O ca o ca o ca o
w' -' ' w w

/—s y—S y—s
o CsJ LO CD o ^ m oo in in o t>

V CO rH CD o 03 rH CD o co o CO O
Oh 5 © > • ■ • •

- cr> o CSI o CSJ o 05 o CO*
«

CSJ o ca o ca o
1 ’W •w w w»

2 ©
u5 ,-N y—•"t r-s r-sH o o o o o W to o 03 o CO

CJ ■a o O co rH in csj U
rH CO O ca o

B CSI o CSJ o 05 O i
as-

CSJ o ca o ca oS-t Sm* s—' w/ '—y1

o in o in O !> o rH m CO in ca35 Oh
rH rH LO rH O tH CO CSJ oo ca 03 rH

• • • 9 • « • • « « • •1 CJ o ca o ro O CSJ o o ca o
■a CO w
S w S-Ok I”—* <"“"N y"">u o CD o CSJ O ro © rH o O) o CO
o O o O co in rH CO o CD rH
z CSI o rH o OJ O ca o ca o ca o

, '—' 'w' w w w w

y—s ' *-**s s y—\o t> O O 03 o o o rH o o■"=}< o CM rH 03 O CSI ca ca rH rH
Oh * • • •

CO CSI o CO O rsi o CO o co o ca o
'—' w w -w-

■ y—\ r,_,^ y—S y—NO o o o in O 03 o co o CD o O)
o rH CO rH CO O CO o CD rH o oo CSI o ca O CSJ o rH o ca O ca O

w

CO

~

>>caT3
to O m in o in•S LO co in co

CD
00< ' <

Fi
gu

re
s in

 pa
re

nt
he

se
s re

pr
es

en
t SE

 of 
th

re
e re

pl
ic

at
es

.



Fi
gu

re
s in

 pa
re

nt
he

se
s re

pr
es

en
t SE

 of 
th

re
e re

pl
ic

at
es

.

TK
M

 9 cu

22
(2

)

23
(2

)

25
(2

)

21
(1

)

25
(2

}

28
(2

)

o 14
(1

)

15
(1

)

16
(2

)

r-i
CO
rH 21

(2
}

18
(1

)

2
!

CO

a, 21
(1

)

25
(2

)

23
(1

)

23
(2

)

25
(2

)

, 27
(2

)

H
ig

h e

o 14
(1

)

21
(2

)

17
(1

)

17
(1

}

16
(1

}

19
(2

)

co
Pm

20
(1

)

25
(1

)
c-3
CD

csi 26
(2

)

29
(2

)

31
(2

)

8

a 13
(1

)

16
(2

)

21
(2

}

14
(1

}

tH
LOrH

\
r-i

tH05

TK
M

 9 cu

iSB

22
(2

)

21
(2

)

23
(2

)

W
at

er
 str

es
se

d

20
(2

}

22
(1

)

24
(2

)

u 73
s
0ss

14
(1

)

19
(2

)

18
(2

)

14
(1

)

17
(2

)

13
(1

)

N
or

m
al

 - 
N

CO

Pm

23
 (3

)

22
(2

)

24
(2

}

23
(1

)

25
(2

)

22
(1

)

8
o 17

(2
)

16
(1

)

18
(2

)

17
(1

)

20
(1

}

18
(1

)

CO
cu 28

(2
)

24
(2

)

20
(2

)

24
(1

}

23
(2

)

23
(2

)

8

u 20
(2

)

19
(2

)

14
(1

)

20
(2

}

18
(1

)

15
(1

)

A
ge

 in 
da

ys
.

LDin o in
CO toin O in

CO

Ta
bl

e : 
33

 The 
ch

an
ge

s in 
th

e am
ou

nt
 of 

flu
or

id
e co

nt
en

t (pg/g
 dry

 wei
gh

t) of 
ric

e cv
s CD

 43,
 GR 

3 an
d TK

M
 

9 un
de

r tw
o N

 and
 wa

te
r le

ve
ls

 wh
en

 gro
w

n n
ea

r to
 (P)

, an
d d

is
ta

nt
 fro

m
 (C)

, a 
fe

rti
liz

er
 pla

nt
.



\

..82..

CO 43 and GR 3 upto the age of 90 days as a response to the polluted environ­

ment. Under water stressed conditions the percentage of increase was higher 

than the normal watered plants. The per cent increase over the control was 

higher in cv CO 43 under WS-NN in 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 to 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 to the nnn-nolluted site rilants (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
I

WN-HN the per cent increase over the control was found to be decreased in 

cvs CO 43 and GR 3 but was increased in cv 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-HN 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 polluted environment when compared 

to the control.

3.1.2.3 c 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
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26-43, 33-38 and 11-57 In cvs CO 43, GR 3 and TKM 9 respectively over the 

control at different stages of growth. The increase was 24-56 , 19-50 and

53-57 % accordingly 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 stressed conditions cv TKM 9 showed the same pattern 

as observed in “the cv GR 3. “There were either reduction or no difference under 

WS-HN of cv CO 43 in poEuted environment when compared to the control.

3.1.2.4 a Total Soluble Sugars 1

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

in cv GR 3 in 55 day old plants in aU the regimes of poEuted site plants, when



Ta
bl
e 

: 3
5 T

he
 c

ha
ng
es
 in

 th
e a

mo
un
t 

of
 to

ta
l s

ol
ub
le
 s

ug
ar
s (

mg
/g
 d

ry
 w

ei
gh
t)
 of

 r
ic
e 

cv
s 

CO
 4
3,
 GR

 3
 a

nd
 T

KM

TK
M 

9 Cu in
03CO (3

.4
)

21
.9 03

rH 25
.6 <y>

rH 35
.0

(2
.7
)

28
.8

(1
.4
)

26
.5 CO

03

a

34
.4 CSS

CO
in
0303

CO
rH 23

.1 ■"STrH 33
.8 03

CO 24
.8 rH

03
w* 26

.9 CD
rH

2
CO 31

.3

*"•>*an

CS) 26
.3 rH

03 25
.0

(2
.0
)

23
.1 03

rH 28
.1 VCO

rH 30
.0

03

Hi
gh
 • g a

32
.5

(2
.3
)

20
.6

(1
.4
)

16
.3

(0
.9
)

35
.0 o

03
CD
O03 rH 18

.1
(0
.9
)

CO
CL

21
.9 C<1

rH 20
.6 CT3

rH 21
.9 O

03 37
.5 CO

rH
CD
OCO (2

.8
)

23
.8

(2
.2
)

oa
a 19

.4 COo 21
.9 O*

rH 17
.5

rH 34
.4

<■—N03
rH 20

.6 O-
rH 18

.8

•H

TK
M 

9 cl
■8
uSCD
S*

38
.8

(3
.4
)

26
.9

03 21
.9 CO

rH

Wa
te
r 

st
re
ss
ed

33
.8

(2
.2
)

26
.3

(2
.1
)

i

29
.4

(2
.2
)

CJ ■aE
uo2

27
.5 CD

rH 20
.6

(2
.1
)

20
.0 CD

rH

1 2
7.
5 rs0D

rH 23
.8

(2
.4
)

25
.0 03

rH

No
rm
al
 -
 N

CO
CL

21
.9 O

tH 22
.5 o-

rH 20
.6

rH 26
.9

(1
.1

)

30
.6

(1
.9
)

26
.9

r-\CD
rH

6
o

28
.1 CSS

rH 24
.4

(2
.3
)

17
.5

(1
.1
)

24
.4

rH 23
.1 03

rH

6*91

r-vrH
rH

CO
EL

28
.8 CO

03 23
.1
'

(1
-7
)

30
.0

03 32
.5 CD

rH 23
.8

(1
.9
) CO

CO
-H

r
rH

ou
a 23
.1 css

rH 20
.6

(0
.9
)

18
.8 COo 31
.3 OrH 23
.1

(2
.1
)

22
.5 rH

03

Ag
e 

in
 d

ay
s

min o inCO LOin
!

oo* inCO

9 
un
de
r 
tw
o 
N 
an
d 
wa
te
r 
le
ve
ls
 w

he
n 
gr
ow
n 
ne
ar
 t
o (

P)
, a

nd
 d
is
ta
nt
 f
ro
m (

C)
, a

 f
er
ti
li
ze
r 
pl
an
t.

Va
lu
es
 i
n 
pa
re
nt
he
se
s 
re
pr
es
en
t 
SE
 o
f 
th
re
e 
re
pl
ic
at
es
.



Ta
bl

e : 
36

 The 
ch

an
ge

s in 
th

e am
ou

nt
 of 

st
ar

ch
 con

te
nt

 (mg
/g

 dry
 wei

gh
t) of 

ric
e cv

s CO
 43,

 GR 
3 and

 
un

de
r tw

o N
 and

 wa
te

r le
ve

ls
 wh

en
 gro

w
n n

ea
r to

 (P)
, an

d d
is

ta
nt

 fro
m

 (C)
, a 

fe
rti

liz
er

 pla
nt

. TK
M

 9
C

 
P

13
.1

(0
.8

)
24

.5
(1

.2
)

11
.9

(0
.4

)

15
.0

(1
.1

)
18

.0
(1

.6
)

11
.7

(0
.6

)

8.
8

(0
.6

)
14

.6
(0

.6
)

10
.3

(0
.5

)

8.
6

(0
.4

)
16

.7
(1

.3
)

9.
9

(0
.7

)

2:

i

CL.

ro

13
.5

(0
.9

)
17

.6
(1

.4
)

9.
0

(0
.3

)

9.
5

(0
.4

)
18

.9
(1

.1
)

12
.1

(0
.7

)

H
ig

h • G
R

c 9.
5

(0
.6

)
14

.2
(0

.7
)

11
.4

(0
.4

)

8.
6

(0
.4

)
14

.5
(0

.9
)

8.
6

(0
.6

)

Ou
CO 11

.5
(0

.9
)

16
.4

(1
.2

)
27

.5
(1

.5
)

14
.0

(1
.1

)
14

.9
(0

.9
)

05 05

CO f
CO W

O
U

o 7.
4

(0
.6

)
14

.2
(0

.6
)

14
.1

(0
.7

)

8.
6

(0
.5

)
14

.0
(0

.8
)

13
.4

(0
.4

)

TK
M

 9
C

 
P ■8

a«
5

15
.8

(1
.3

)
18

.3
(1

.8
)

17
.9

(2
.1

)

W
at

er
 str

es
se

d

11
.7

(1
.1

)
24

.2
(1

.4
)

15
.5

(1
.1

)
73
s

fto55

8.
8

(0
.5

)
14

.4
(1

.1
)

16
.2

(0
.9

)

7.
7

(0
.6

)
16

.2
(1

.9
)

17
.1

(1
.5

)

N
or

m
al

 - N CO 10
.4

(0
.4

)
14

.6
(1

.2
)

8.
8

(0
.7

)

11
.5

(0
.6

)
18

.9
(1

.3
)

9.
0

(0
.4

)

G
R

C 8.
1

(0
.5

)
13

.7
(1

.3
)

oi co

a> a 8.
5

(0
.5

)
14

.9
(0

.9
)

9.
5

(0
.5

)

ex.
ro 13

.5
(1

.1
)

17
.1

(1
.3

)
25

.5
(2

.4
)

9.
9

(0
.6

)
14

.9
(0

.8
)

29
.5

(2
.5

)

O

a
u 8.

6
(0

.7
)

14
.2

(1
.2

)
15

.8
(1

.1
)

8.
1

(0
.3

)
13

.5
(0

.5
)

CO CO

O* tH 
tH '

A
ge

 in 
da

ys

inm o in
CO - in

LO o inco

TK
M

 9

V
al

ue
s in

 pa
re

nt
he

se
s re

pr
es

en
t SE

 of 
th

re
e re

pl
ic

at
es

.



.84. .

compared to the controls (Table 35). However, there was high amount of total 

soluble sugars at later stages in the polluted site plants of cv GR 3. Under

both N levels of normal watered condition the cv CO 43 showed 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 increase in the amount 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 cultivars 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 than the controls, regardless 

of the imposed 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 depleted in Fig. 14 and 15. The plants raised from the seeds obtained from 

the Rice Research' 'Station, Navagam, Gujarat (hereaftermentioned as normal 

,plants), when grown under the poEuted environment produced always increased 

number of tiHers per plant (Fig. 14 a). The increase was 2.5 fold at the final 

harvest. However, the progeny plants (seeds harvested from the previous crop) 

did not shown any significant effect over the1 control. The height of the plants 

was invariably affected by air poEution. At aE the time of growth the reduction 

was significant by 25 to 43 % in the poEuted 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 poEuted site 

plants. However, after 45 days fresh weight and dry weight of culm were 

reduced in the progeny plants when compared to their respective controls. 

Remarkably, PFYPC plants exhibited a maximum increase in both fresh as weE 

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

The number of leaves, leaf area, fresh and dry weight of leaves are 

shown in Fig. 15. The number of Leaves in1 the plants from the poEuted site 

seemed to be significantly high at aE the time of growth. However, in 75 day 

old plants there appeared to be a sharp dectine in the poEuted 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 Chi 1 a1, Chi ' b1 and total Chi 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 plants. 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). The pigment carotenoids was also
i

high as compared to control upto 45 days in the polluted environment. However, 

progeny plants at the test site started showing reduction after 30 days. At the 

age of 55 and 70 days the content was dramatically reduced. On the other hand, 

among the controls, the progeny of the previous year control plants showed 

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

There was an increase in the content of phaeophytin 'b1 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 controls 

of normal and progeny ones (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 to 

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

Normal Progeny
Control Polluted PPYCC 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) (1.6) - (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 v 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 i;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 - 40l 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 days both the set of plants showed only reduction

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

(d) Free Proline

There was an enormous increase in the free proline content of polluted 

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 respectively in the polluted environment at the age of 55 davB.

(e) Ascorbic 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). The increase 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 total nitrogen, sulphur and fluoride 
contents in their shoot grown near to, 10 km distant from, fertilizer 
plant.

Parameter Age in 
days

Normal Progeny
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 24.67 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) (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 2.60 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) (1.0) (2.0)

Fluoride 50 15.0 22.0 17.0 14.0 23.0
(fig/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)

\

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 portions 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 poEuted 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 Protectants

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 polluted environment in all the cultivars and the chemical treat­

ments provided no significant effect on the plant height under poEuted 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 treatments. Only high N applied plants
\

showed slight improvement (not " 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 plants. 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 plants 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 poEuted and nonpoUuted site are shown in the Fig. 19. Hie 

fresh weight of leaves was found to be reduced by. 20 | in 60 day old plants 

and 53 % at the age of 75 davs in the Dohuted environment. 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 

aE the chemical treatments. In the poEuted site-normal plants no significant 

difference was evident in the dry matter of leaves when compared to the control. 

However, there were significant reductions under high N appEcation and putrescine, 

spermidine, spermine and kinetin spray treatments when the plants were at 

the age of 60 days. Interestingly, ascorbic acid 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 

poEuted environment. Spermidine spray also rendered in an increased dry matter 

whereas other treatments showed no increase.

Air poEution had affected the fresh and dry weight of rice culms to 

varying extent (Fig.20). The plants grown without treatment in. the poEuted 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 

poEuted plants. The fotiar appEcation 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 Mnetin sprayed plants showed only reduction in 60 

day old plants. The dry matter accumulation of the culm was found to be reduced 

in the poEuted site plants but were not significant. It was interesting to note 

that HN regimed and ascorbic acid sprayed plants showed a high amount ot ary 

matter accumulation among the poEuted site plants, over their respective control. 

In 75 day old plants an increase was also observed in putrescine and spermidine 

sprayed ones whEe rest of the treatments experienced only reduction.

3.2.2.2 Yield and Yield Attributes

The air poEution of the fertflizer factory had affected the yield and 

yield attributes of cv GR 3 to varying extent, inspite of the treatments with 

various chemical protectants (Table 40). The length of the pancEes and number 

of spikelets per panicle were significantly reduced in aE 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 treated plants. It was interesting to note 

that under the polluted environment the high N regimed 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 biolo­

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

* r

(a) Pigments

The changes in the concentration of pigments-Chl 'a', Chi * b*, total 

Chi and carotenoids were depleted in the Fig. 21 and 22. Fifty five day-old 

plants experienced a reduction in the Chi '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 ranging from 21 to 46 %. Ascorbic 

acid treated plants showed no difference to the control.
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The Chi 'b' content also seemed to be 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 Chi '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 to control.,

The amount of total Chi appeared to be reduced by 16 and 48 % at 

55 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 other 

treatments the reduction ranged from 2 to 38 % at both the periods. Interestingly, 

there was an increase in the total Chi 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 the 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 treatments experienced 

only reduction in the polluted 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, spermidine increased the insoluble protein 

content by 43 % and minimised the reduction in 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 different 

proteins (Table 41).

(d) Free Praline

It was interesting to note that under the polluted environment the 55 

day old plants under all treatments showed an enormous increase in free proline 

content when compared to their control (Table 41). The increase was 2.88 

fold, 2.05 fold and 2.03 fold in the spermine, kinetin 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.
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(e) Ascorbic acM

The endogenous level of ascorbic acid appeared 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 poEuted 

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 poEuted site plants when compared to the control 

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 poEuted environment showed higher amount of total

N content in their shoots under aE the treatments (Table 42). The increase 

was between 8 and 55s % over the controls. However, at the age of bu aays

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

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.
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3.3.0 FUMIGATION 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 

in 31 day-old plants {Table 44). To the individual fumigation of SO2 and NH^ the 

shoot length of cv CO 43 was significantly inhibited. However, a highly significant 

increase was observed in the cv GR 3 to NH^ 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 NHg and SOg. Conversely, the shoot length of cv GR 3 was found to 

be increased to NHg fumigation. The S02 fumigation showed an adverse effect 

as shown by reduced shoot length in cvs GR 3 and TKM 9 under high N, while 

NHg fumigation effected only reduction in cv TKM 9. Interestingly, all the three 

cultivars fumigated with NOg 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 S02and NH^ appeared to be adverse to cv 

CO 43 and favourable to cv GR 3 as depicted by their shoot length, under NN. 

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

nted by the reduction in shoot length. The mixture of SO2, NH^ and NO2 produced 

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 S02 + N02 mixture. The mixture of S02< NHg and N02 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 S02 and NH3 inhibited the shoot length of 

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

of S02 + N02. The mixture of all the three pollutants significantly increased' 

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

the cv GR 3 when compared to control.

3.3.1.2 Root Length

The individual fumigation of S02 brought about a significant reduction in 

the root length of all the cultivars under NN (Table 45). The inhibition was

also significant to NHL fumigation in cvs CO 43 and TKM 9. NO„ produced nov ■ d , *

significant effect. Under low N regime no considerable variation was occurred 

in the root length of the cultivars. Under high N a sharp reduction was evident 

in the cv TKM 9 to the individual fumigation of S02 and N02. NHg 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 S02 + NH^ to cv GR 3 and S02 + N02 mixture to 

cv CO 43 were reduced the root length significantly.

3.3.1.3 Shoot Dry Matter

To the individual fumigation of S02 and NH3 the cvs CO 43 and TKM 9 

experienced a significant reduction under NN, while cv GR 3 showed a significantly 

increased shoot dry matter production (Table 46). N02 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, S02 decreased the dry matter 

in the cv GR 3 and increased in the cv TKM 9. NHg fumigation sharply decreased the 

accumulation in the cvs CO 43 and TKM 9 while it increased in cv GR 3. Under 

high N cultivars GR 3 and TKM 9 were sharply affected by S02 fumigation and cvs 

CO 43 and TKM 9 were affected by NH^ fumigation. N02 increased the shoot 

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

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

The mixture of S02 and NHg brought about a ' significant increase in . 

the cv GR 3 in their shoot dry weight. The mixture of S02 and N02 reduced the 

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

when exposed to the mixture of S02 + NHg and S02 + NH3 + N02 and the cv

TKM 9 to the mixture of S02 + N02 showed a significant increase in their shoot

dry matter. Under HN, S02 + NH^ rendered a significantly high dry matter 

accumulation in the cv GR 3, however, it was reduced in plants exposed to

the S02 + N02 mixture, Nevertheless, cv TKM 9 showed significant increase in 

the presence of S02 + N02. To the mixture of the three pollutants, cv CO 43

experienced a significant increase while others showed no effect.

3.3.1.4 Root Dry Matter

Individual fumigation of S02 and NHg significantly increased the root dry 

matter accumulation in the cv TKM 9 (Table 47). Under deficient N S02 and NH^ 

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 SC^ and NC^ the root dry weight was sharply reduced 

in the cv GR 3. However,1 it was increased as a response to the fumigation 

mixture of SC^ + NH^ + NO^. Low N regime brought about considerable increase 

in the root dry weight of cvs GR 3 and TKM 9 towards SC^ and NO^ mixture. The 

cv CO 43 increased its root dry matter under SO2 + NH^ + NO2 fumigation, under 

HN, S09 + NIL mixture produced tremedous increase in the cv GR 3 while it was
Ct u

decreased towards SO2 + 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). NHg 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 NOg. Under deficient N the TLA of cv TKM 9 was sharply reduced 

to SO2 and NHg fumigations whereas in cv GR 3 it was increased under NH^ fumi­

gation. The same pattern of effects were evident under high N regimed plants. 

Besides that NO2 fumigation also increased the TLA of cvs GR 3 and TKM 9.

The fumigation mixture of SO2 and NH^ effected an increase in the TLA of 

the cv GR 3 under NN. But, the mixture of S02 + N02 produced 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 

SO2, NHg 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 to the mixture of SO2 + NIL 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 S02 and N02 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 older leaves of rice plants to

S02 alone and its combinations with the other poEutants, 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 S02 fumigation, while it was significantly increased in

the cvs GR 3 and TKM 9 (Table 49). NH^ fumigation brought about a highly signi-
t

ficant increase in leaves dry matter 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 S02 fumigation but was signi­

ficantly increased under NH^ fumigation. A significant decrease was also evident in

the cv CO 43 to NHg and in the cv TKM 9 to N02 fumigation. High N regimed

plants of GR 3 cultivar showed a significant reduction to S02 and an increment 

to NHg fumigation, as observed in the LN regime. Nevertheless, the cvTKM9 

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

significantly increased the same under high N to N02 fumigation.

The fumigation mixture of S02 and NH^ brought about a highly significant 

increase in the dry 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
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cultivars experienced a reduction towards the fumigation mixture of S02 and N02 . 

The- mixture of all the three pollutants produced a significant reduction in the 

leaves dry matter accumulation in the cvs CO 43 and TKM 9, 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 S02 and 

t®2 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 cv GR 3 produced significantly high amount of

leaves dry matter to S02 and NH^ mixture. The cv TKM 9 showed significant

increase towards S02 + N02 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 NH^ 

fumigation and it was increased to N02 fumigation (Table 50). The low N regimed 

plants of cv CO 43 showed a sharp reduction in the SLA to S02 and increment to 

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

TKM 9 towards S02 fumigation. The mixture of S02 and NH^ produced an inhibition 

in the SLA of the cv CO 43. On the other hand S02 and N02 mixture had signifi­

cantly increased the SLA of the cv GR 3. Low N regimed plants of cv CO 43 

showed increased SLA to S02 and NH^ mixture but reduced to S02 and N02 mixture. 

Under high N also cv CO 43 showed same pattern of reduction to S02 and N02 

mixture but increased to the mixture of all the three pollutants. The cv GR 3 

increased the SLA to the fumigation of SO„ and NH„ mixture, however, the SLA was

reduced in the cv TKM 9.



03©

<t-iO M
ea

n

S*rH
00CD

O
00
CO 60

4
60

5
64

1

r-fCO 59
1

61
7

63
7

<**-•»
JC00•l-i
©3s

G
R

 3 
TK

M
 9

70
6

&ft
<J!OCD 69

9
67

1 ocoCO 70
1 *oCOto 72
0 LZL 65
9

>i
TJ
00

o
'w'

H
ig

h N

67
9

72
0

64
5 989 68
4

67
5 to

tot> 72
0

66
5

71
3

le
af

 ar
ea

C
O

 43

75
0

77
3

79
5

74
3

77
0

73
8 to

CO

to
to
LO

CO

to
*CO
CO
OD 71

8

oa
umQ.©
|

o
CNIoz

TK
M

 9
49

3
43

9
43

4
54

7

47
3

49
0

43
4

49
4

46
3

46
3

Lo
w

 N
C

O
 43

 
G

R
 3

In
di

vi
du

al
 fum

ig
at

io
ns 49
2

53
6

49
7

54
1

52
5 to

roco
IS

i

•I
CO.06
l

49
2

50
2

51
0

49
2

50
1

to

05CO
V
cm - 63

0 to
CO
*o

to
o>
05

co 65
5

64
0 o\»

to 62
5 to

csj
r~t

to
to
CO

61
7

60
1 11

6P
CO

CM
O
CD

“8

B
u
CD

S3
©

un
de

r th
re

e N
 reg

im
es

.

N
or

m
al

 N
G

R
 3 

TK
M

 9

60
7 

54
7

60
1 

54
2

to
to

CD
CO
tn

to
to
CD
LO
CO

O)
00to 59

1 
54

7

ro
ccd

«■

to
CO
co

M

dP

tH

|

61
0 

54
7

56
5 

57
4

t>
LO

to
to
O
tH 64

9 
63

5

64
1 

59
4

to
T3
C
CO

to"

to

l>
05

II

r-I

T5
©
1

s
O
o

C
O

 43

65
5

64
6

65
0

68
1

65
9

CO

P
2

64
8

*
&

LO 70
7 CO

CD 64
4

4-»CO
Q
CO
■J

Ta
bl

e : 
50

 Indiv
id

ua
l an

d
ric

e cu
lti

va
rs

.

C
on

tro
l,

e
O
CD

3 0-
S

&

M
ea

n of
 tre

at
m

en
ts

C
on

tro
l

TIN 
+ 

O
S

’sf

+q
O
CO

s

+
3 CO

+q Cn)

oCO M
ea

n o
f tr

ea
tm

en
ts



..103..

3.3.2.0 Physiological and Biochemical Responses

3.3.2.1 (a) Chlorophyll 'a'

The content of Chi 'a' appeared to be invariably affected in the cultivars 

of rice under the fumigation of gaseous air poEutants (Table 51). A marginal 

reduction was evident in the cv GR 3 under NN and LN regimes to S02 fumigation. 

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

reduction in CM 'a' resembling the cv CO 43 whereunder the level was decreased^ 

Interestingly, cv GR 3 increased the amount of CM 'a' to NH^ fumigation under NN 

and LN regimes. The level of CM 'a1 was found to be reduced in cv CO 43 

under NN. The fumigation of NO2 rendered a reduction in the CM 'a' of cv 

GR 3 but the content was enhanced under LN of the cv TKM 9 . The content of 

CM 'a' seemed to be Mgh to the mixture of SO^ and NH^ in the cv GR 3 in 

general. TypicaEy the mixture of S02 and NO,-, was found to be MgMy sensitive in 

aE the regimes of rice cultivars showing mostly inhibition under NN. The mixture 

of aE the three poEutants 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) CMorophyE 'b'

The content of CM 'b' was found to be reduced under NN in cv TKM 9 

and there was no significant effect in others as a response to S02 fumigation

(Table 52). S02 had reduced the amount of CM 'b* under LN in cvs CO 43 

and TKM 9 and under HN in cvs CO 43 and GR 3. NH^ fumigation brought about an 

inMbition in the cv CO 43 by 12 % under NN. The cv GR 3 had a marginal
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enhancement in the Chi 'b' content to NHg fumigation under HN and there was no 

marked effect in others. To NO^ fumigation cv TKM 9 showed an increase in 

the Chi '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 N02 fumigation in the same cultivar.

The mixed fumigation of S02 and NH3 reduced the amount of Chi ’ b' in

the cv TKM 9. The cv CO 43 showed not much difference under all the N regimes,

while in cv (21 3 HN resulted in a 12 % increase. Inhibition of 18 and 19 %

were evident in NN regime of cv CO 43 and GR 3 to the mixture of S02 and N02. 

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 inhibition 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 die cv CO 43 showed no disparity between the control 

and the individual fumigation of S02 and "MX, "under" NN but" "showed a marginal 

reduction in the total Chi 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 S02 and N02. On the other hand, cv TKM 9 showed no significant 

effect to S02, NHg and N02 individually. Under LN there was a marginal reduction 

in cvs CO 43 and TKM 9 to S02 fumigation and under HN regime the reduction

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

the mixture of SOg and NH^ but was reduced by 19 and 20 % to SO2 + NOg and 

SOg + NHg + NOg mixtures. On the other hand cv GR 3 showed a marginal increase 

in total Chi to the fumigation of SO2 + NH^ and S02 + NH^ + N02 mixtures, but was 

reduced to SO2 + JiQg-*- The cv TKM 9 depicted no., significant, effect to the .mixed 

fumigations under NN. Though the mixture of SO2 and NH^ under LN brought about 

a reduction in the total Chi of cv CO 43 and an increase in cv GR 3, they were 

insignificant. To the mixture of S02 and NOg under HN regime, cv CO 43 responded 

with a reduction in the total Chi. To the fumigation of S02, NFLj and N02 mixture 

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 S02 and N02 produced a lesser chlorophyll 

stability indices in cv CO 43 and TKM 9 under NN than the controls {Table 54). 

The cv GR 3 experienced a higher value to N02. The NH^ fumigation decreased the 

CTSI in cv GR 3 and increased in cv TKM 9. Under LN the CTSI was found to 

be less in cvs CO 43 and TKM 9 to S02 and high in cv GR 3. To NH^ fumigation 

cv TKM 9 showed reduced value under LN. To N02 cv GR 3 dramatically increasecl 

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

cv CO 43 increased the CTSI to NHg and decreased to NOg. A lesser values 

were evident in cv GR 3 to NHg and TKM 9 to S02 fumigation under HN than 

the controls.

Fumigation of SO2 + NH^ decreased the stability index in cvs GR 3 and 

TKM 9 while SO„ + NO„ increased it in all the cuLtivars, Mixture of three pofiutants
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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 to SO2 + NH^ 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 S02 and NH^, HN regimed plants tremendously 

increased the stability index while it was decreased in cv GR 3. However, to 

the mixture of S02 and N02 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 S02 brought about a 13 % increase in the
carotenoids content in cvs GR 3 and TKM 9 under NN f(Table 55). The cvs CO 43

and TKM 9 under HN experienced a 13 % decrease in their carotenoids content

to S02. , The cv TKM 9 seemed to be sensitive to NHg fumigation by showing

21 % reduction under NN. However, the level of carotenoids was marginally

increased in all the regimes of cv GR 3. HN regimed plants reduced the carotenoids 

content to NH^ fumigation by 25 % in cv TKM 9. NO2 fumigation brought about a 

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 NO2 fumigation.

The mixture of S02 and NH^ rendered a modest increase in the cvs 

CO 43 and GR 3 and a decrease in TKM 9 under NN. HN regimed plants showed a 

marginal increase in the carotenoids content in cv GR 3 to S02 + NH^ 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 S02, NH^ and N02 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 CD 43 while in cv TKM 9 a reduction was evident under LN.

3.3.2.3 Free Praline

The individual fumigation of S02, NH^ and N02 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 N02 stress was evident under NN in all -the cultivars. In response to 

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 in the total nitrogen content in the shoot of rice cultivars 

as affected by the fumigation of air pollutants are presented in Table 58. The 

cv GR 3 showed a reduction by 9 % to S02 fumigation under NN, but. increased 

under LN. However, under HN only cvs CO 43 and TKM 9 could accumulate a , 

marginally high amount of total N. On the other hand, to NH^ 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-N02--rendered the- cv 

TKM 9 to increase the total nitrogen by 21 % under LN, and the cv CO 43 decrease 

marginally under HN.
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To the mixed fumigation of S02 and NH^ there was a reduction by 13 % in 

cv CO 43 whereas with no change in others. The mixture of S02 and N02 brought 

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

20 and 28 % respectively. However, to the mixture of S02, NH^ and N02 there was 

no significant effect in all the cultivars ' under NN". 'Under LN there was a marked 

increase of 22 % in cv GR 3 to S02 + NH^. The mixture of S02 and N02 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 S02, NH^ and N02 a 9 % increase in cv TKM 9 was 

evident. Under HN cv GR 3 showed a 16 % increase to S02 + NH^, however, it 

showed ,a reduction to S02 + N02. To the mixture of S02, NH^ and N02 a slight 

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

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 S02 fumigation, when compared to their respective control. 

The magnitude of inhibition was of same to NHg and N02 fumigations. Under LN the 

cvs GR 3 and TKM 9 showed only a marginal reduction to S02 and NHg fumigation 

however, it was modestly reduced in cv CO 43. N02 fumigation resulted in 20 %

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 SO„, whereas the activity got reduced

in cvs GR 3 and CO 43. As a result of NH^ exposure there was an inhibition in

the enzyme activity in (31 3 and TKM 9 and it was high in cv CO 43. However, 

N02 fumigated plants showed a high reduction in all the cultivars.
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All the mixtures of pollutants inhibited the NR activity in the leaves 

of all the cultivars, when compared tn 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 S02 + NH^ and S02 + N02 mixtures. The mix­

ture of S02, NHg and NC>2 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 

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 S02, NHg and N02 in all the cultivars. 

The inhibition was 31, 22 and 28 % to S02 under NN, in CO 43, GR 3 and 

TKM 9 cultivars respectively. The inhibition was marginal to NH^ 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 reduction of 32 % to N02 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 NH^ fumigation. Other treat­

ments exhibited a highly reduced activity of GS towards the individual fumigation

of S0o, NH„ and N0o.2 3 2

To the fumigation of S02 and NHg mixture, the cv GR 3 showed a maximum 

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

The inhibition was 23 to 48 % to S02 and N02 mixture in all the cultivars. Never­

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 S02, NHg and N02. There was lesser reduction in 

the activity of GS to SC>2 + NHg in the cv GR 3 under LN and in cv TKM 9 under 

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

of S02 and N02 .in all the cultivars. To. the mixture of all the three pollutants 

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). S02 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 S02 under HN while other cultivars showed no significant effect 

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

and increased in cvs CO 43 and TKM 9 under NN. The content was reduced in 

cvs CO 43 and TKM 9 under LN and the reduction was evident only in cv TKM 9 

under HN regimed plants. The N02 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 S02 and NH^ 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 S02 and

NHg mixture. To S02 and N02 mixture there was an increase in the amount of

SH compounds under NN in cvs CO 43 and TKM 9. The HN plants of cv CO 43

also experienced modest increase. To the mixture of S02, NH^ and NO, 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 regiraed 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 

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 to the fumigation of SO^. Under LN cvs CO 43 and TKM 9 accumulated 

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 SOg and NH^ the cv CO 43 brought about 32 % increase, while cv TKM 9 

showed 13 % reduction under NN. SOg + NOg mixture had resulted in tremendous 

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

the mixture of SO2, NH^ and NO2 increase of 56 and 46 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 S02 and N02 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 S02, NH^ and N02 cvs GR 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 regime.
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3.3.2.9 Buffering Capacity (p)

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

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

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

The fumigation of NHg brought about a marginally Increased 'p' in the cv GR 3 

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

and TKM 9. The effect of N02 on 'p' was found to be the same as that of S02for 

H ions. To the mixed fumigation of S02 and NH^ the 'p1 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 S02 and 

N02> However, only in cv CO 43 the 'p' appeared to be reduced for OH ions. 

To the mixture of S02, NHg and N02 the 'p1 of the cv CO 43 was severely

reduced while cv GR 3 and TKM 9 were marginally increased for H ions in

the leaves. In relation to OH ions cv CO 43 appeared to reduce the 'p' marignally.

3.3.2.10Leaf Absorption Spectra

Variations were observed in the absorption spectra of leaf of rice 

cultivars exposed to the mixture of S02, NH^ and N02, 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, the absorption was found-to be different-at all 

wavelengths. The absorption peak at 667 nm has been chosen for evaluating 

the effects of the air pollution 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 peak than the other cultivars under control 

was reduced by the fumigation. The reduction was 41.16 % under INN, 54.27 % 

under LN and 7.93 % under HN.


