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3.1. FIELD SURVEY

3. 1, 1. SURVEY OF GENERAL VEGETATION NEAR A FERTILIZER PLANT 

3.1.1.1. Response of vegetation at Q. 5 Km from source :

Oreful observations of the vegetation revealed various 

damaging symptoms in most of the plant species. Entire 

vegetation was clothed with whitish particulate matter, 

besides being subjected to regular exposure of toxic gases.

Barren branches due to heavy defoliation were observed 

in most of the trees and shrubs like Mangifera indica, 

Holoptelea integrifolia. Azadirechta Indica, Bougainvillaea 

spectabilis, etc. In Mangifera, bleaching effect was evident, 

leading to pale brown necrotic zones extending from margin to 

midrib. Trees like Acacia nilotica sub sps. indica. 

Azadirechta indica, Moringa pterygosperma. Pithecellobium 

dulce etc., were often defoliated completely due to acute 

pollution exposures. Canopy of Lawsonia inermis. Streblus 

asper, Zizyphus jujuba etc., was often distorted beyond 

recogni.zation. The pattern of damage to the branches indicate 

the extent and direction of pollution source. On the windward 

side leaves were completely absent due to premature leaf fall 

and only barren leafless branches observed, whereas on the 

leeward side often partially damaged foliage remained intact 

(Table 8).



Fig»3»3J. Air pollution damage on vegetation

A. A highly damaged Manqif era indica L. 
(mango) tree showing severe foliar 
necrosis

B* A closer view of Manqif era indica L. 
(mango) leaves showing further details 
of the symptom





Fig.3.3.2,Air pollution damage on vegetation

A. Manilkara hexandra Dubard. (rayan) 
leaves showing necrosis

B« Svzvaium cumini Skeels 4jamun) leaves
tip burning symptoms





Fig. 3.3.3,Air pollution damage on vegetation

A* Pitheeellobiuro dulce Bth. leaves 
showing necrotic symptoms

B. Kiraanelia reticulata Bail leaves
showing chlorotic and necrotic symptoms





Fi§#3.3*4. Air pollution damage on vegetation

A. Zizyphus iuiuha Lam, leaves showing 
severe necrosis

B. Eucalyptus leaves showing necrotic symptoms

C, Diospvros cordifolia Roxbf leaves showing 
interveinal chlorosis and necrotic tip
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All the herbaceous species recorded here also exhibited 

visible damaging symptoms. Reduction in leaf size was 

observed in Amaranthus viridisT A. spinosus. Sida grewioides., 

Cassia tora etc. Mostly all the plants showed stunted 

appearance and appeared whitish rather than greenish. Bleached 

white dots surrounded by tan coloured zones were common in 

the leaves of Raphanus sativus. Euphorbia hirta. Goraphrena 

celosioides etc. (Table 9).

3«1.1.2. Response of vegetation at 1.5 Km from source;

All the trees and shrubs here exhibited visible foliar 

symptoms like marginal burning, tip burning etc.. Tip burning 

was evident in most of the trees and shrubs like Azadirechta 

indica. Ficus reliqiosa. Svzyqium cuminir Lantana camara etc. • 

Tree species like Manqifera indica. Acacia nilotica sub sp. 

indica. Pithecelobium dulce. Morinqa pteryqosperma etc. 

exhibited severe damage . Chlorotic symptoms were observed 

in the leaves of Ficus benqhalens is. Manilkara hexandra. 

Tamarindus indica, Kirqanelia reticulata etc. (Table 8)•

Except some prostrate herbs like Evolvulus alsinoides. 

Gomphrena celosioides. Portulaca quadrifidaT Boerhayja 

diffusa etc., all other species exhibited foliar symptoms 

(Table 8 ). Tip burning was the common symptoms in herbs

like Achyranthes aspera. Amaranthus spin os us. Cor chorus 

capsularis. Cocculus villosus. Desmodium trifloruro. 

Gvnandropsis pentaphylla. Peristophe bicalyculata etc.

(Table 9) •
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3 .1 .1.3 • Response of vegetation at 2»5 Km from the source;
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The increasing distance from the source of pollution, 

reduced the damage to vegetation considerably. Among the 

trees and shrubs recorded,61 *3% exhibited foliar symptoms. 

Chlorotic symptoms were observed in Acacia nilotica sub sp. 

indica. Bauhinia ra cemosa. Diospyros cord if olia. Manilkara 

hexandra.- Pithecellobium dulce etc.. Mangifera indica was 

found to be severely damaged even at this distance, 

exhibiting marginal burning of leaves and defoliation. No 

characteristics symptoms were observed in Ter min alia catappa. 

Polyalthia long ifolia. Ficus benghalensis. Lantana camara 

etc. (Table 8).

The number of herbaceous species without visible 

symptoms as well as species diversity increased significantly 

at this distance. The plants like AbutiIon indicum. Amayanthus 

viridis. A. polygamus. Cassia occidentalism C* tora. 

Gynandropsis pentaphylla. Sida grewioides. Vernonia cinerea 

etc., exhibited foliar necrotic tips. No characteristic 

symptoms were noticed in Aeschynomene indica. Achyranthes 

aspera. An is omeles ovata. Boerhayja .diffusa. B. re panda. 

Calotropis procera. Desmodium triflorum. Eclipta prostrata. 

Indig of era enneaphvl'la. Mo Hugo oppos it if olia. M. hirta. 

Peristrophe bicalyculata etc.. (Table 9).
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3. 1. 2. STUDY ON TREES GROWING ALONG THE NATIONAL 

HIGHWAY NO. 8 : A GRADIENT ANALYSIS

Dalbergja sissoo Roxb. was recorded in all the seven 

sectors under investigation. Syzygium ouroini Skeels was 

growing only from sector 4 to 7 (Table 10).

3.1.2.1. Effect on height of the trees

3.1.2.1.1. D. sissoo : In sector 1 and 2 trees represented 

classes frcm B to G. The maximum percentage of trees (36) in 

sector 1 were representing the class G (above 10 mts) whereas 

in sector 2 maximum trees (42%) were under class E (8 to 9 mts). 

In sector 3» trees represented classes from A to E and maximum 

under class E (41%), followed by class B (24%), A (21%),

D (9%) and C (5%). In sector 4, all the trees were falling 

under class A (below 5 mts). In sector 5, maximum trees were 

recorded under class A (53%) followed by class B (26%) and 

C (19%). In sector 6, class D was represented by 49% of 

trees and class E by 45% of trees. In sector 7, maximum 

trees (47%) were under class E, followed by class F (27%)*

C (16%) and D (9%). (Table 11; Fig49.1.).

3.1.2.1.2. S. cumini : In sector 4, maximum percentage of 

trees (40%) were falling under class C, followed by class D 

(37%)» B (19%), and A (4%). In sector 5* class D was 

represented by 67% of trees, and remaining trees were 

falling under class C (23%) and class B (8%). In sector 6 and
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Table 12 • Svzyqiutn cumini Skeels

Number of trees recorded under class

Gradient study on trees growing along the National Highway No. 8 

Effect on height of the trees (Mts.)

Table 11. DaIberala sissoo Roxb.

SECTOR
Number of trees recorded under class
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7 trees showed fairly good growth. In sector 6, 63% of trees 

were registered under class F and 37% of trees under class E. 

In sector 7, maximum percentage of trees (91%) were repre

sented class F (above 10 mts) and remaining were class E. 

(Table 12; Fig.4.9.2.).

3. 1.2. 2. Effect on circumference of trunk at breast 

height (CBH)

3. 1.2.2.1. D. sissoo : In sector one, 40% of the trees were 

recorded under class F (above 90 cm) followed by 37% under E 

and 23% under class D. In sector 2, class E was represented 

by 44% of.tries, whereas class B and C were represented by 

14% and 23% of trees respectively. In sector 3, trees 

represented classes from A to E, maximum percentage of trees 

(3196) were recorded under class B. In sector four, 60% of 

trees were recorded under class B and remaining 40% trees 

under class C. In sector 5, class B was represented by 67% 

of trees followed by class A (22%) and class C (11%). 

Increasing pattern of Cffl was observed in sector 6 and 7.

In sector 6, trees rpresented classes from B to E. Maximum 

percentage of trees (43%) were observed under class B 

followed by class D (33%), E (17%) and C (7%). In sector 7, 

class D was represented by 40% of trees recorded and class E 

by 27%, ranaining trees were falling under class C (18%) 

and F (15%). (Table 13; Fig.4.9.2.).
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Effect on circumference at breast height of the trunk (Cms.)

Table 13. Dalberaia sissoo Roxb.

SECTOR
Number of trees recorded under class

A B C D E F
(Below

30)
(30 to 

45)
(45 to

6o)
(6o to 

75)
(75 to

90)
(Above 

90)

1 - - 30 48 52

2 - 15 27 - '' 47 18

3 11 34 26 23 17 -

4 3 2 - - - -

5 7 21 3 - - -

6 - 16 3 13 7 -
7 - - 6 12 8 5

______„ _ n ____ _______ __________ ___________ ___

Table 14. Syzyaium cumini Skeels

SECTOR Number of trees recorded under class

A B C D E F
(Below (100 to (120 to (140 to (l6o to (Above 

100) 120} 140) 160) 180) 180)

4 4 22 7 1

5 7 6 2 3

6 5 4 5

7 3 2 6 7
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3.1.2. 2.2. S. cumlni j la sector four, 64$ of trees were 

falling under class B (100 to 120 cm) and remaining trees 

were recorded under class C (21$), A (12$) and D (3$). In 

sector 5, maximum percentage of trees (39$) were recorded in 

class B, followed by class C (33$), E (17$) and D (11$). In 

sector six, class E and C were represented by 36$ and 35$ 

of trees respectively and remaining 29$ of trees were 

recorded under class D. In sector 7, maximum trees (38$) 

were falling under class F, followed by class E (33$),

C (17$) and D (11$). (Table 14; Fig.4.9.2.).

3.1.2.3. Effect on tree canopy cover

3.1.2.3. 1. D. sissoo : In sector 1, class G (above 50 m ) 

was represented by 52$ of tae trees recorded. The other 

classes represented in sector 1, are class C (19$), B (18$) 

and F (11$). In sector 2, maximum percentage of trees (31$) 

were falling under class F, followed by class D (23$),

B (21$), E (15$) and C (10$). In sector 3, trees represented 

classes from A to E, Maximum percentage (26) was recorded in 

class B and classes A, C and E were represented by 21$ each. 

In sector four, 60$ of trees recorded \?ere under class A 

and remaining 40$ under class B. In sector 5, also 42$ of 

trees were falling under class A followed by class B (29$),

C (21$) and D (8$). In sector 6, class E was represented by 

maximum number of trees (42$). In sector 7, class G was 

represented by 34$ of trees. The other classes represented in 

sector 7, were class F (29$), D (23$) and E (9$).(Table 15; 

Fig.4-9.1.).
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Table 16. Svzvq ium cumini Skeels

Number of trees recorded under class

Effect on tree canopy cover (m2)

Table 15* Dalberaia sissoo Roxb.

SECTOR
Number of trees recorded under class
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3.1.2.3.2. S. cumini : Canopy of Svzvgium was also highly 

affected in sector 4. Maximum number of trees were registered 

under class C (36%), followed by D (20$), A (17$), E (16%) 

and B (11$). In sector 5, 33$ of trees were falling under 

class E and classes F and G were represented by 18% and 10% 

of trees respectively. In sector 6, maximum trees (74%) were 

recorded under class G. In sector 7, class G was represented 

by 78% of trees and remaining trees were registered under 

class F (12%) and E (10%). (Table 16; Fig.4-9.2.). '

3.1.2.4. Effect on defoliation

The percentage leaflessness was very hi$i in both the 

species in sector 4. The mean percentage leaflessness of 

D. sissoo trees growing in sector 1, 2 and 3 was 24, 23 and 

36% respectively, whereas in sector 4 it was 65%. The 

percentage leaflessness declined sharply while moving away 

from sector 4, i.e. in sector 5, 6 and 7 it was 32 , 27 and 

21% respectively.

Syzygium also exhibited same trend of damage i.e. in 

sector 4, opposite to a fertilizer complex the leaflessness 

was 70%, whereas in sectors 5, 6 and 7 it was 35, 23 and 

29% respectively (Fig.3.4.1.).

3.1.2.5. Effect on density

The quadrate study on D. sissoo revealed the mean
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density value per quadrat. ( 30 x 8 nrts) decreased 

drastically in sector 4. In sectors 12 and 3, the density 

value was 34, 29*7 and 18.7 respectively. In sector 4, it was 

only 0*33 whereas in remaining sectors i.e. 5, 6 and 7 it was 

3*7, 20*3 and 25.7 respectively (Fig .3.4.1«) •

The percentage of trees surviving was calculated by 

comparing with the number of trees planted initially 

(obtained from the Forest Department). In sectors 1, 2 and 

3 it was 27.9%, 23 »0% and 28*196 was recorded. In s.ectors 4 

and 5 it was only 0.7% and 5.796 respectively. In sectors 6 

and 7 the percentage of trees surviving were 10.8% and 

7.6% respectively.

3.1.3. FIELD SURVEY OF FRUIT TREES

3*1»3.1. Effect of industrial air pollution on Man a if era 

indica L. (mango)

3»1»3.1.1. Effect on morphological parameters; (Table 17)

(i) Height of the tree? Tree height was highly affected 

at Angadh, where 37.3% reduction was recorded as compared 

to control. At other stations like *Bajwa,' Ranoli, Dhanora, 

Sankarda and Chhani 13 to 19% reduction was observed. The 

tree height recorded at Undera and Ankodia was 9% less 

than control trees . (Fig .4*10 *1*)

* Stations are arranged in decreasing order of damage 
henceforth in the descriptive part.
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(ii) Effect on tree canopy cover : Canopy was severely 

damaged at high pollution zones like Angadh, Bajwa and 

Ranoli (35 to 4290 as compared to control. At medium 

polluted stations like Koyali, Dumad, Ankodia, Undera,

Sankarda and Chhani the canopy cover decreased 10 to 34%.

At Ampad, it was recorded slightly higher than (6.290 

control (Fig.4<10.1.).

(iii) Effect on foliage (mean leaf area, and leaf area 

damaged) s Maximum reduction (38.490 in leaf area was recorded 

at Bajwa. Among the other stations, 25 to 3596 reduction in 

leaf area was observed at Angadh, Koyali, Ehanora and Ranoli. 

At Chhani, Sankarda and Undera 13 to 20% reduction in leaf 

area was registered, whereas at remaining stations it was 

more or less close to control. (Fig.4.10.2).

The photosynthetic leaf area was highly reduced by 

severe chlorosis and necrosis in the pollution zone. The 

percentage leaf area damaged was very high (35 to 4590 at 

highly polluted stations like Angadh, Ranoli, Bajwa and 

Ehanora. In medium polluted stations like Koyali, Sankarda, 

Ankodia, Undera, Chhani and Dumad 10 to 30% of leaf area -urn*) 

damaged. At Ampad, no visible foliar damage was observed. 

(Fig.4-10.2.).

(iv) Effect on defoliation ; Trees growing at Angadh

exhibited maximum defoliation (51.3%) and at other high



30
pollution zones i. e. Bajwa, Ranoli and Dhanora 44 to 49% 

leaflessness was recorded. Among the medium polluted stations, 

20 to 35% leaflessness was registered at Koyali, Sankarda, 

Chhani and Undera. At Ankodia and Ampad no significant 

defoliation was noticed. (Fig.4*10.2.).

3.1.3.1.2. Effect on fruit yield : Fruit production in mango 

received a major setback due to pollution stress in the area 

under investigation. In the pollution zone, the fruit yield 

was affected at different stages like flowering, fertiliza

tion and maturation of fruit. The common symptoms in mango 

was early senescence of flowers, young and immature fruits. 

During the course of study it was observed, villagers were 

removing significant number of unproductive trees in the 

high pollution zone due to drastic reduction in fruit yield.

Maximum reduction in flowetlng was observed at Bajwa 

(48%). At stations like Angadh, Ranoli, Dhanora and Koyali 

40 to 45% reduction in flowering was recorded. At all the 

rsnaining stations except Ampad, the reduction was 20 to 

30%. Flowering was least affected at Ampad. (Fig^.10.3.).

Fruit yield of mango trees was retarded severely (70%) 

at Angadh. Among the other stations 50 to 60% reduction in 

fruit yield was registered at Bajwa, Ifenoli, Ehanora and 

Koyali. At other stations except Ampad, the yield reduction 

was 30 to 40% than control. At Ampad, the fruit yield was 

more or less close to the control. (Fig.4.10.3.).
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3.1.3. 1.3. Effect on biochemical parameters : (Table 18).

(i) Effect on chlorophyll pigments : The chlorophyll 

pigments, which are primary site of photosynthesis were 

severely affected. Chlorophyll a pigment was recorded 48 to 

55$ less than control at Ranoli, Angadh and Bajwa. 33 to 41$ 

reduction in chlorophyll a was observed at Koyali, Ihanora 

and Sankarda. At all remaining stations except Ampad, 

chlorophyll a content decreased 14 to 29%, whereas at Ampad, 

the reduction was 10.1$. (Fig.4.10.4.).

Chlorophyll b pigment also exhibited more or less 

similar trend of damage pattern. 49 to 53% reduction was 

observed in trees growing at Angadh, Ranoli and Bajwa. At 

stations like Ihanora, Koyali, Sankarda, Dumad and Undera 

the percentage reduction in chlorophyll b pigment ranged 

from 27 to 39$. At remaining stations 7 to 17% reduction 

was noticed. (Fig.4-10.4.).

(ii) Effect on foliar -protein content ; Degradation of 

protein molecules by air pollutants resulted in its 

decreased concentration. The percentage reduction in 

protein content was maximum (42.2$) at Angadh, whereas at 

stations like Bajwa, Ranoli and Koyali it was 30 to 35$ 

less than control. The protein content reduced 14 to 26$

at all remaining stations except Ampad, where minimum 

reduction (7$) in protein level was recorded. (Fig.4.10.5.),
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(iii) Effect on foliar sulphur content ; Very high 

accumulation of sulphur in foliar tissues over control was 

noticed at Bajwa (5.66 times) and Angadh (5.29 times).

Among the other stations, at Dhanora, Dumad and Koyali 

sulphur content was 3.7 to 5.0 times over control. The 

sulphur accumulation at remaining stations except Ampad, 

ranged from 3.1 to 3.7 times over control. At Ampad the 

increase in sulphur content (1.12 times) was insignificant, 

(Fig.4.10.6.).

(iv) Effect on foliar chloride content ; Mango trees 

growing at Ranoli exhibited the highest chloride content 

(6.94 times) over control. Among the other stations at 

Angadh, 3.36 times increase in chloride level was recorded. 

At the remaining stations except Ampad, the accumulation of 

chloride ranged from 1.08 to 1.9 times over control. At 

Ampad, the foliar chloride level was very close to control. 

(Fig.4.10.6.).

(v) Effect on total soluble and reducing sugar content j 

It was observed in the present study, that in the foliar 

tissues of mango trees growing in pollution zone, the 

soluble sugar content declined whereas reducing sugar 

highly increased as compared to control.

At highly polluted stations like Bajwa, Angadh, Ranoli 

and Dhanora 33 to bk% reduction in total soluble sugar was
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registered. 20 to 29$ reduction was recorded at Sankarda, 

Koyali and Undera, whereas at remaining stations the 

percentage reduction ranged from 6 to 10$ as compared to 

control. (Fig.4.10.5.).

Accumulation of reducing sugars was observed maximum 

(93.4$) at Angadh. It was 55 to 75$ higher than control in 

the trees growing at Bajwa, Dhanora, Ranoli, Sankarda and 

Ankodia. In the remaining stations except Ampad, the level 

of reducing sugars was 22 to 4©$ higher than control. At 

Ampad, it was very close to control plants. (Fig.4.10.5.).

3. 1.3.2. Effect of industrial air pollution on Manilkara 

hexandra (Roxb.) Dubard. (rayan)

3. 1.3. 2.1. Effect on morphological parameters : (Table 19)

(!) Effect on tree height ; At high pollution zones 

like Bajwa,. Angadh, Dhanora, Ranoli and Chhani, tree height 

was 25 to 37$ less than control trees. Among the medium 

polluted stations at Sankarda and Koyali, significant 

reduction in height (22.7$ and 10.2$ respectively) was 

registered. At the remaining stations, tree height was more 

or less close to control. (Fig.4.10.1.).

(ii) Effect on tree canopy cover : Tree canopy was 

severely damaged at higher pollution zone. 40 to 57$ reduction 

in tree canopy was observed at Angadh, Bajwa, Dhanora and
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Ranoli. Among the medium polluted stations 8 to 20% 

reduction was registered at Undera, Sankarda* Chhani and 

Koyali. Tree canopy recorded at Ampad, Ankodia and Dumad 

were slightly (3 to 8%) higher than control trees. 

(Fig.4.10.1.5.

(iii) Effect on foliage (mean leaf area and leaf 

area damaged) : The mean leaf area of rayan trees was 

highly decreased at Angadh (37.3%) and Bajwa (33.3%). At 

stations like Dhanora, Undera and Ranoli 18 to 28% reduction 

was recorded as compared to control. At Sankarda and Chhani 

the percentage reduction was 10,3 and 8.6 respectively, 

whereas at Ankodia it was more or less close to the control. 

(Fig.4.10.2.).

Visible foliar damage in rayan was recorded mostly at 

higher pollution zones only. Maximum percentage of leaf 

damage (16.7%) was recorded at Angadh followed by Ranoli 

(13.8), Bajwa (11.2), Dhanora (11.0), Koyali (6.2) and 

Dumad (2.6). At all the remaining stations no visible 

foliar symptoms were observed. (Fig.4.10.2.).

(iv) Effect on defoliation ; At high pollution zone 

i.e. Bajwa, Angadh, Ranoli and Dhanora 25 to 35% leaflessness 

in rayan trees was registered. At medium polluted stations 

like Sankarda, Chhani, Koyali and Undera the defoliation was 

15 to 20%, whereas at the remaining stations there was no 

significant difference from control trees. (Fig.4.10.2.).
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3.1.3.2.2. Effect on fruit yield

The flowering of rayan was observed less affected even 

at high air pollution zones. Maximum reduction (20%) in 

flowering was noticed at Angadh and Bhanora. 10 to 1556 

reduction was noticed at Ranoli, Bajwa, Sankarda, Koyali 

and Dam ad. At the remaining stations insignificant effect 

on the flowering was noticed. (Fig.4.10.3.).

The fruit yield was highly affected at Angadh, Bajwa 

and E&noli, where 40 to 50% reduction was recorded. Among 

the other stations 25 to 35% reduction was registered at 

Bhanora, Koyali, Sankarda and Chhani. At stations like 

Undera, Ankodia and Dumad the fruit production was 10 to 

15% less than control whereas at Ampad it was least 

affected. (Fig.4.10.3.).

3.1.3.2.3. Effect on biochemical parameters ; (Table 20)

(i) Effect on chlorophyll pigments : Maximum damage to 

chlorophyll a pigment was recorded at Bajwa, where it 

decreased 31.6% as compared to control. 24 to 29% reduction 

in chlorophyll a was noticed at Angadh, Ranoli and Koyali. 

At Bhanora, Sankarda, Chhani and Dumad it was 9 to 17% less 

than control. At remaining stations chlorophyll a level was 

more or less close to control plants. (Fig.4.10.4.).

Chlorophyll b pigment also exhibited similar trend of
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damage.22 to 30% reduction was registered at Angadh, Bajwa, 

Ranoli and Koyali. 12 to 22% reduction was observed at 

Dhanora, Sankarda and Bumad. At renaining stations the 

pigment content was more or less close to the control 
observations. (Fig.4*10.4.).

(ii) Effect on foliar protein content : In rayan, 

maximum reduction (43.9%) was recorded at Angadh. At Koyali, 

Bajwa and Dhanora, the percentage of reduction in protein 

content ranged from 22 to 36%. At remaining stations except 

Ampad, 12 to 21% reduction was observed, whereas at Ampad 

it was only 9%. (Fig.4.10. 5.).

(iii) Effect on foliar sulphur content j Sulphur content 

increased over control in the foliar tissues at the pollution 

zone. Very high accumulation of sulphur over control was 

recorded at Baowa (5.76) and Angadh (5.14 times). At Koyali, 

Dhanora, Ranoli and Sankarda, it was 3 to 3.9 times over 

control. At all the remaining stations except Ampad, sulphur 

content ranged from 1.5 to 2.5 times over control. At Ampad, 

the foliar sulphur content was very close to control. 

(Fig.4.10.6.).

(iv) Effect on foliar chloride content { Maximum 

chloride content over control (2.59 times) in rayan leaves 

was registered at Ranoli. At Angadh it was 1.38 times over 

control, whereas at stations like Bagwa, Sankarda, Dhanora
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and Undera it ranged from 1.1 to 1.25 times over control. At 

all remaining stations the chloride level was more or less 

very close to control. (Fig.4.10.6.).

(v) Effect on foliar total soluble and reducing sugars : 

In the present study, soluble sugar content declined than 

control in foliar tissues at pollution zone, whereas 

reducing sugars exhibited increasing trend at pollution zone 

over control.

Soluble sugars reduced highly (44.950 at Angadh and at 

other highly polluted stations like Bagwa, Dhanora and Ranoli 

the reduction ranged from 23 to 3350 Among the medium polluted 

stations, at Sankarda, Koyali and Chhani the soluble sugars 

decreased 30.350 25.5% and 10.7% respectively as compared to 

control. At all remaining stations the soluble sugar content 

was close to control. (Fig.4.10.5s.).

The reducing sugars increased tremendously in the 

leaves of rayan growing at pollution zone. At highly polluted 

stations like Bajwa, Angadh and Dhanora 93 to 114$! increase 

was recorded. Among the medium polluted stations, at Koyali, 

Sankarda and Chhani 51 to 78% increase over control was 

registered. At all the remaining stations except Ampad, the 

percentage increase ranged from 30 to 50%. At Ampad, it 

was 11.456 higher than control. (Fig.4.10. 5.).
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3.1.3.3. Effect of Industrial air pollution on Syzygium 

cumini Skeels (Jamun) ,

3.1.3.3.1. Effect on morphological parameters : (Table 21)

(i) Effect on height of the trees : Ihe height of the 

trees recorded at Angadh, Ranoli and Bajwa -was 18 to 29% 

less than control trees. The tree height recorded at Chhani, 

Qianora, Sankarda was slightly less than control (4 to 8%), 

whereas it was slightly higher (3 to 8%) at Ampad, Undera, 

Dumad, Ankodia and Koyali. (Fig.4.10.1.).

(ii) Effect on tree canopy cover : The canopy of jamun 

trees was maximum affected at Ranoli, where it was 38% less 

than control. Among other stations, at Angadh, Bajwa and 

Chhani the percentage reduction was 33.6, 21.1 and 17.9 

respectively, whereas at Koyali, Dumad, Dhanora, Ankodia 

and Sankarda it was 5 to 10% less as compared to control.

The canopy cover recorded at Undera and Ampad was slightly 

higher than the control trees. (Fig.4.10.1.).

(iii) Effect on foliage (mean leaf area and leaf area 

damaged) : The mean leaf area of jamun was highly reduced 

at Ranoli (26.8%) and Angadh (16.9%) as compared to control. 

At Bajwa, Chhani, and Koyali 4 to 11% reduction was recorded, 

whereas at all the ranaining stations the mean leaf area

was more or less close to control. (Fig.4.10.2.).
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Yisible foliar damage was mostly recorded at highly 

polluted stations. The percentage leaf area damaged was 

maximum at Angadh (18.6) followed by Ranoli (16.5), Bajwa 

(6.3), Koyali (4.3) and Sankarda (3.6). At all the remaining
4 •

stations no significant foliar damage was observed. (Fig.^10.2.).

(iv) Effect on defoliation : Jamun trees exhibited 

leaflessness only at high pollution zones i.e. Ranoli,

Angadh and Bajwa, where the percentage of leaflessness 

ranged from 20 to 35%. At all other remaining stations,
4-

trees were not exhibiting significant defoliation. (Fig.^10. 2.).

3.1.3.3.2. Effect on fruit yield :

Flowering of jamun was more affected at high pollution 

zones. 10 to 30% reduction in flowering was registered at 

Bajwa, Angadh, Ranoli and Dhanora. At the remaining stations, 

flowering was less affected. (Fig.4.10,3.).

The fruit yield was maximum affected at Angadh, where 

the reduction was 50% as compared to control. 30 to 45% 

reduction in fruit production was recorded at Bajwa, Ranoli 

and Dhanora. Among the medium polluted stations, at Koyali, 

Sankarda and Chhani 15 to 25% reduction was noticed.At the 

remaining stations fruit production was close to control, 

(Fig.4.10. 3.).
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3.1.3.3.3. Effect on biochemical parameters j (Table 22)

(i) Effect on chlorophyll pigments : Chlorophyll a 
pigment was highly decreased at Angadh (45.0%) and Ranoli 
(36.2%) as compared to control. 15 to 30% reduction was 
registered at Bajwa, Koyali and Dhanora. At the remaining 
stations chlorophyll a level was more or less close to 
control. (Fig.4.10.4.).

Similar trend of damage was observed in chlorophyll b 
pigment content. High reduction was observed at Angadh 
(44.9%) and Ranoli (35.7%) as compared to control. At Bajwa, 
Koyali and Bhanora 14 to 30% reduction was recorded. At the 
remaining stations except Ampad, the chlorophyll b content 
was very close to control. At Ampad it was slightly higher 
than (7.1%) control. (Fig.4.10.4,),

(ii) --Effect on foliar protein content : It decreased 
in 3amun at polluted zones, as compared to control. 27 to 
44% reduction was registered at high pollution zones i. e. 
Angadh, Ranoli, Bajwa and Dhanora. At the medium polluted 
stations like Dumad, Koyali, Chhani, Ankodia, Undera and 
Sankarda, protein content was 11 to 21% less than control.
At Ampad minimum (7.6%) reduction in protein content was 
registered. (Fig.4.10.5.).

(iii) Effect on foliar sulphur content : Very high 
accumulation of sulphur over control was recorded at Angadh
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(3.01 times) followed by Begwa (2.93)* Koyali (2.2 times) 

and at other stations like IXimad, Dhanora, Chhani, Sankarda 

and Undera the sulphur accumulation ranged from 1.4 to 1.75 

times over control. At Ankodia and Ampad it was 1.2B and 

1.08 times over control respectively. (Fig.4,10.6,).

(iv) Effect on foliar chloride content ; In gamun, very 

high chloride content in foliar tissues was recorded at 

Ranoli (6.91 times) and Angadh (3.30 times) over control. At 

Dhanora, Dumad, Undera, Bajwa, Koyali and Chhani, the foliar 

chloride level was 1.3 to 1.8 times over control. At 

remaining stations it was close to control. (Fig.4.10.6.).

(v) Effect on foliar total soluble and reducing sugars : 

In jamun, soluble sugar content declined in the pollution 

zone as ccmpared to control whereas the reducing sugars 

accumulated higher in the foliar tissues over control.

Maximum reduction (40.790 in soluble sugar content was 

registered at Ranoli followed by Angadh (35.790 and 16 to 

2596 reduction was recorded at Bajwa, Koyali and Sankarda.

At remaining stations except Ampad, the reduction in soluble 

sugars varied frcm 5 to 13% whereas it was very close to 

control at Ampad. (Fig.4.10.5.).

Accumulation of reducing sugars was very high at Angadh 

(84.6%) and Bajwa (72.4%) than control. 37 to 50% increase 

over control was noticed at Ranoli, Chhani, Sankarda, Dhanora
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and Koyali. At Dumad, Ankodia and Ampad the reducing sugar 

content was slightly higher than (4 to 8%) control.

(KLg.4;10.5. ).

3.1.3.4. SOIL STUDY AT DIFFERENT OBSERVATION ZONES : (Table 23)

(i) Soil pH and Conductivity s The soil pH recorded at 

Angadh, and Dhanora was 5.85 and 6.96 respectively, mfaereas 

soil pH at control site was 7.60. At the remaining stations 

except Ranoli, soil pH ranged from 7.0 to 7.65, at Hanoii 

it was 7.92.

Electrical conductivity of soil was more at Ranoli 

(0.565 mS) followed by Chhani (0.416 mS), Bajwa (0.398 mS), 

Ankodia (0.397 mS), Dumad (0.365 mS), Koyali (0.356 mS) and 

at all other stations the soil conductivity varied from 

0.3 to 0.339 mS.

(ii) Organic matter : Soil organic content recorded at 

Angadh was 39% more than control, whereas at Bajwa, Dhanora, 

Dumad and Sankarda it was 10 to 24% higher than control. At 

stations like Chhani and Undera it was close to control, 

whereas at remaining stations, organic matter was 9 to 20% 

less than control.

(iii) Nitrogen content : The nitrogen content recorded 

at stations like Dumad, Ampad, Sankarda, Ankodia and Undera 

was 2 to 9% higher than control. At Angadh and Ranoli, the
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nitrogen level was 17.4% and 13.19% less than control 

respectively. At all remaining stations it was 3 to 11% 

less as compared to control.

(iv) Sulphur content • The soil sulphur recorded at 

Angadh was maximum (1.82 times over control). At stations 

like Bajwa, Dumad, Ankodia and Ampad it was 1.3 to 1.46 

times over control. Among other stations, sulphur content 

recorded at Ranoli, Ehanora and Chhani was slightly higher 

than control (1.14 to 1.26 times), whereas at Koyali, Undera 

and Sankarda it was slightly less than control.

(v) Chloride content : The chloride content in soil 

samples from Ranoli was very high (2.7 times over control). 

At stations like Dumad, Angadh and Ehanora it was 1.24 to 

1.34 times over control. At Ampad, Bajwa and Koyali it 

ranged from 1.09 to 1.16 times over control, whereas at 

Chhani and Undera least difference in soil chloride content 

was noticed. It was slightly less than control at Sankarda 

and Ankodia.

3. 1. 3. 5. LEAP ANATOMICAL STUDY

Significant variations were observed in epidermal 

characters between the leaf samples collected from polluted 

and least polluted region.



3. 1.3. 5.1. Impact of air pollution on foliar epidermal 

traits of Mangifera indica L. (mango) :

Stomatal frequency and stcmatal index decreased at 

polluted stations as compared to control. The percentage 

reduction in stomatal frequency was more at Ranoli (4.1.496) 

and other stations in decreasing order were Angadh (41,3%), 

Omkarpura (34.6%) and Bajwa (21.6%). Increase in epidermal 

cell frequency was observed at the polluted zones. There 

was no significant difference in size of guard cells, 

whereas the width of the stcmatal aperature reduced at 

Angadh, Ranoli and Omkarpura. Trichome frequency considerably 

increased at polluted zones. Maximum increase in trichome 

frequency was recorded at Angadh (5.4 times over control) 

followed by Omkarpura (4.8), Ranoli (3.7) and Bagwa (3.4 

times over control). (Table 24; Fig.3.5.1.).

3.1.3.5.2. Impact of air pollution on foliar epidermal

traits of Manilkara hexandra (Roxb. ) Dubard. (rayan);

At pollution zones the stomatal frequency and stomatal 

index were reduced in the leaves as compared to control. The 

reduction in stomatal frequency was maximum at Omkarpura 

(13.6%) and at remaining stations the percentage reduction 

ranged from 4 to 10. Notable increase in epidermal cell 

frequency was observed at all the polluted sites as compared
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to control. There was no significant change in length of 

the guard cells at pollution zones, but, slight reduction in 

width of the guard ceLls was noticed. The subsidiary cell 

complex exhibited least variations at polluted zones.

(Table 25; Fig.3.5. 1.).

3.1.3. 5.3. Impact of air pollution on foliar epidermal 

traits of Syzvgium cumini Skeels (.jamun) :

In this species also the stomatal frequency and stomatal 

index in trees growing in pollution zone was recorded less 

than control. Stomatal index in control leaves was 35.4% 

whereas at Ctakarpura, Angadh, Ranoli and Bajwa it was 17.8, 

18.3 , 20.57 and 26.77% respectively. In jamun no significant 

difference in size of guard cells was observed between 

control and polluted specimens. The abnormal structures like 

deformed stomata were noticed. The frequency of deformed 

stomata was very high at Ranoli (11.6 times over control) 

and the other stations in decreasing order were Omkarpura 

(9.27), Angadh (8.73) and Bajwa (5.73 times over control). 

(Table 26; Fig.3.5.1.)«

3.1.3. 5.4. Fluorescence study :

Fluorescence of chlorophyll was drastically reduced 

in mango leaves from pollution zone as compared to control 

(Fig.3.5. 2.). In rayan there was not much difference between
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polluted and. control specimens in chlorophyll fluorescence 

(Pig.3.5.3.), whereas a moderate reduction was observed in 

chlorophyll fluorescence of jamun due to pollution stress 

(Fig.3,5.4.). The thickness of foliar cuticle slightly 

increased than the control in all the three species in 

pollution zone. This was clearly observed by secondary 

fluorescence of cuticle. (Figs.3.5. 2. to35.4.).



Stomatal 
aperture (p)
i) Length

ii) Width

Triehome 
frequency/ 0•1 mm2

3*14 
+ 0*01

1 *03 
+ 0*01

8*15 
-+ 0 *04

nsTable 24* Impact of air pollution on epidermal 
traits of Manaifera indica L* (mango)

Parameter Bajwa Ranoli Omkarpura Angadh Universr
(Contro

St omatal 0 97*37' 67.72 81*14 72*9 124*13
frequency/0*l mm2 + 5*70 6.6o 5*80 4*30 9*25
Epidermal 344.40 380 *40 ■ 361.30 348 *50 323*60
cell frequ-v, + 12*80 12*10 13*40 10 *80 8*90ency/o*l mm2

Stomatal 22*04 15*11 18*37 17*30 27*72
index
Size of quard
cells (p)
i) Length 18*30 18*30 17*20 16*40 18*50

+ 0*80 0*62 0 *46 0*17 0«6o
ii) Width 8*94 9*25 9*80 8*47 10*35

+ 0*17 0*13 0*20 0*13 0*07

o
 co 

co o

O N
> 

!—'

O
 Sfr

in o
CO O HO 

CM O

H
 ,=t 

H
 O

o w O I—

CM O 
O
 O

O
 CO

in o« •
CO O

 
■H

ocoo
O
 CM

o\ o
CM O 

O
 O

H*
o 

o
• • H* N

3
H*
 O

•—
1 

O
 CM

i—
 to

 
o 

cn
G

\v
0 

0J
 -fs*

CO O 
O O 

O
N o

+ Standard deviation



Table 25• Impact of air pollution on foliar
epidermis' of Manilkara hexandra (Roxb.) 
Dubard- (rayan")

113

Parameter Bajwa Ranoli Omkarpura. Angadh University

Stomatal 
frequency/
0*1 mm^

+
42.57

1.93
41*82

1-59
38.75

1«60
40*4
0.71

44.87
1.50

Epidermal 
cell frequ-2 
ency/o-1 mrn

+
253.24

6.10
351.68

9*51
349*35

6.30
325.30 

4.80
214.40

5.11

St omatal index 14.30 10.60 9*90 11.10 17.30

Size of guard 
cell ( /j )

i) Length
+

24.72
0*03

24.29
0*08

23-40
0-07

24.15
0.1S

25.70
0*04

ii)Width
+

8.86
o.oi

10*30
0*05

9*22
0.01

8.49
0*04

11.60
0.02

Size of stomatal 
aperture ( ja )

i) Length
+

6.27
0*02

7.23
0.01

7-50 ■ 
0*02

6.86 
0*01

7.90
0.03

ii) Width
+

1.395
0.001

1*08
0*01

1 *50 
0-03

1.14
0.005

1.62
0*02

+ Standard deviation



Table 26. Impact 
traits

Parameter

Stomatal 
frequency/0»1 mm2

Epidermal 
cell frequ-2 
ency/0*l mnr

St omatal index
Size of guard 
cells (p)
i) Length

ii)Width

Size of stomatal 
aperture (p)
i) Length

ii) Width

% Deformed 
Stomata

of air pollution on foliar epidermal
of Svzvaium cumin i Skeels (jamun)

Bajwa Ranoli Omkarpura Angadh University 
_________(Control)

58.20 46.21 57.46 52.40 61.04
+ 3*40 3.02 1.40 2.75 2-30

136.30 178.48 265 .40 234.10 111.38
+ 3*56 6.00 8-80 6.10 3.70

26.77 20 *57 17.80 18 .30 35.40

26.00 23*90 22-50 24.6o 27 .63
+ 0*01 0.13 0-07 0*03 0 •02

9*10 9*30 9*70 9 *43 10 •80
+ 0 *02 0»06 0.01 0.01 0 •03

6.92 5 *80 4.90 5.64 7.63
0.02 0*05 0.07 0.01 0.03

1.20 0.71 0*875 O.69 1 *55
+ 0*01 0*01 0*003 0*007 0*01

6.30 12 *80 10*20 9.60 1 *10

+ Standard deviation



Fig;.'3*5»1* Leaf epidermal study

A & B s Epidermal structures of Mangif era indica L. 
leaf from (A) control and (B) pollution 
zone showing increased trichome density 
and decreased stomatal frequency in B.

C & D } Epidermal structures of Manilkara hexandra 
Dubard3 (rayan) - leaf from (C) control 
and (D) pollution zone showing reduced 
stomatal frequency in D.

G s A enlarged view of a deformed stomata 
of Syzyqium ciaaini Skeels

H s A enlarged view of a trichome of 
Manaifera indica L. leaf.

A x 220 ; B x 220 ; C x 910 ; D x 910 j

E x 910 j F x 910 ; G x1200 ; H x 512





Fig..<3.5.2* Fluorescence study on Man gif era indica L.

A & B * Autofluorescence (reddish) of chlorophyll 
pigments - leaf from (A) control and (B) 
pollution zone showing decrease in fluo
rescence of sample B.

C & D s Induced secondary yellowish fluorescence 
of cuticle (Cu) with neutral red - leaf 
from (C) control and (D) pollution 
zone showin9 slight increase in cuticular 
thickness in the sample D.

A x 1120 i B x 1120 • C x 448 ; D x 448
* r





FlgLi3*5.3. Fluorescence study on Manilkara h ex and r a Dubard.

A & B t Autofluorescence of chlorophyll pigments 
(reddish) - leaf fom (A) control and 
(B) pollution zone showing least 
difference in fluorescence.

C & D : Induced secondary yellowish fluores
cence of cuticle (Cu) with neutral red 
- leaf from (C) control and (D) pollu

tion zone showing slighst increase in 
cuticular thickness in the sample D.

A x 1120 j B x 1120 j C x 448 9 Dx 448)





Figji3.5.4. Fluorescence study on Svzvaium cumin! Skeels

A & B s Autofluorescence of (reddish) chloro
phyll pigments - leaf from (A) control 
and (B) pollution zone showing moderate 
reduction in fluorescence in the sample 
B ( Note the thick cuticle (Cu) of the 
specimen BL".

C & D % Induced secondary yellowish fluoresce
nce of cuticle (Cu) with neutral red - 
leaf from (C) control and (D) pollu
tion zone showing increase in cuticular 
thickness in the sample from pollution 
zone.

A x 1120 ; B x 1120 ; 6 x 448 j D x 448





121
3.2. FIELD EXPOSURE ' STUDY

The initial readings of different morphological 

growth parameters (shoot length, number of leaves/plant, 

total leaf area etc.) of the tree saplings were not 

constant, at different experimental stations (Tables 27.30 

and 33). The percentage increase or decrease in growth rate 

was considered for the impact analysis. The growth rate of 

different growth parameters in control plants was taken as 

standard for comparison. The difference in initial and 

final (mean) value of each season in different growth 

parameters (shoot length, No. of leaves/plant, total leaf 

area etc.) was compared with growth rate of control, to 

determine the percentage increase or decrease.

3.2.1. RESPONSE OF FRUIT TREE SAPLINGS TO AIR POLLUTION 

DURING MONSOON AT DIFFERENT ' EXPERIMENTAL ' STATIONS

During monsoon, wind direction was mostly from south 

or south-west with an average wind speed of if.3 Km./hr.

(Fig. 2;2.40. The average minimum and maximum temperature was 

22.4°C and 34.8°C respectively. The mean relative humidity 

was 71?6 (Table 2). The stations Omkarpura, Damapura, Ranoli,

Padamla, Eajalpur and Sankarda were on windward direction to
\

the pollution source during most part of the season, whereas

Angadh, Bajwa and Koyali were on leeward side.
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3.2.1.1. Mangifera indie a L. (mango)

3.2.1.1.1. Effect on morphological parameters : (Table 2B)

(i) Effect on shoot length : The growth rate of mango 

saplings growing at Damapura decreased by 74.696 as compared 

to control. 45 to 64% reduction was noticed at Angadh, 

Omkarpura, Eanoli, Padamla and Fajalpur. At remaining 

stations, the growth rate of shoot reduced 31 to 34% as 

compared to control. (Fig.4,11.1. ).

(il) Effect on foliage ; The rate of increase in number 

of leaves/plant was also affected at pollution zone. Very 

high reduction was registered at Ranoli (78.7%) and Omkarpura 

(71.3%). 44 to 64% reduction was recorded at Damapura,

Angadh, Padamla, FaJaipur and Sankarda. At Bajwa and Koyali 

the percentage reduction was 37.2 and 27.7 respectively 

(Fig.4.11.1.).

Total leaf area was drastically affected at pollution 

zone as compared to the control. Maximum reduction of leaf 

area (92.6%) was recorded at Damapura. At Ranoli, Omkarpura 

and Angadh 73 to 79% reduction was recorded. At the remaining 

stations, the percentage reduction ranged from 31 to 53% as 

compared to cont rol. ( Fig.4.1 J. 1. ).

* Stations representing % damage are arranged in decreasing' 
order henceforth in the descriptive part.
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Koyali

Orakarpura

Ranoli

Padamla

Sankarda

Faj alpur

Damapura

Angadh

University
(Control)

Table 27. Field exposure of Mangifera indica L- (Mango) saplings 
(Initial morphological observations)
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Koyali 

Omkarpura 

Ran oli

Padamla

Sankarda

Faj alpur

Damapura

Angadh

University
(Control)

Table 28. Response of Manaifera mdica L* (mango) saplings 
to air pollution
MONSOON - Morphological observations

STATION
Shoot
length

(Cms•)

No. of
leaves/
plant

Total 
leaf 
area (Cm2)

Injury
index Leaves

with
symptoms
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Baring monsoon, highest injury index was registered at 
Damapura (18.0%) and the other stations in decreasing order 

were Ranoli (10.6%), Omkarpura (8.5%), Angadh (7.6%),
Fajalpur (4.3%), Sankarda (3.8%), Padamla (3.5%) and Bajwa 

(1.7%). No visible foliar damage was observed at Koyali. 

(Fig.4-11.2.).

At Damapura and Angadh, all the leaves exhibited foliar 
symptoms, mostly of tip and margin burning. At Ranoli 77.6% 

of the leaves showed visible foliar symptoms, whereas at 
Omkarpura, Padamla, Fajalpur and Sankarda 37.5%, 18.3%, 16.9% 

and 12.1% of leaves exhibited visible damage respectively. 4% 
of the leaves exhibited symptoms at Bajwa. (Fig.4-11.2.).

3.2.1.1.2. Effect on biochemical parameters : (Table 29)

(i) Effect on photo synthetic pigments j During monsoon, 
very high reduction (52 to 62%) in chlorophyll pigments like 

chlorophyll a, b and total chlorophyll was recorded at 

Omkarpura and Ranoli.

Among the other stations, high reduction in chlorophyll 
a and b was noticed at Damapura (48.3% and 46.1% respectively) 
followed by Angadh (41.4% and 44.7%), Fajalpur (41.9% and 

32.2%), Padamla (40.4% and 32.2%), Bajwa (30.1% and 25.7%) 

and Koyali (21.2% and 19.1%’- respectively). Almost similar 

pattern was exhibited at respective stations for total 
chlor ophyll content. (Fig.4-11.3. ).
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Reduction in carotenoid pigments was 41$ at Damapura 

and 33.3$ at Angadh. The percentage reduction was between 

15 to 30 at the remaining stations. (Fig*4.11.3.);

(ii) Effect on ascorbic acid : At different stations in 

pollution zone, ascorbic acid content decreased in the 

foliar tissues as compared to control. High reduction was 

recorded at Ranoli (42.1$). 31 to 37$ reduction was noticed 

at Damapura, Qmkarpura, Angadh and Sankarda. The percentage 

reduction ranged from 18 to 29 at Padamla, Bajwa and Koyali. 

(Fig.4.11.4.).

(iii) Effect on protein and total free aminoacids ;

Very high reduction in protein content was recorded at 

Ranoli'(47.4$) followed by Damapura (38.9$), Omkarpura (33.7$) 

and Angadh (30.2$) as compared to control. At other stations 

the percentage reduction of protein varied from 9 to 25$ as 

compared to control. (Fig.4.11.4.).

Higher accumulation of free aminoacids in foliar tissues 

over control was recorded in the pollution zone. Maximum 

accumulation was - registered at Damapura (2.5 times over 

control), 1.9 to 2.2 times increase over control was 

observed at Omkarpura, Angadh, Ranoli and Bajwa, whereas in 

the remaining stations it ranged from 1.2 to 1.4 times over 

control. (Fig.4*11.4.).
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(iv) Effect on total soluble sugars : It decreased 21,1% 

at Damapura, whereas at Omkarpura, Raholi and Angadh the 

percentage reduction was between 15 to 20 as compared to the 

control. In the remaining stations except Koyali, reduction 

in sugar content was 4 to 10% only. At Koyali, sugar content 

in mango leaves was very close to control. (.Fig.4.11. 5.).

(v) Effect on sulphur content : Higher accumulation.of 

sulphur in foliar tissues over control was observed at 

Damapura (3.11 times) and the other stations in decreasing 

order were Omkarpura (2.9) , Angadh (2.7), Fajalpur (2.4), 

Sankarda and Ranoli (2.1), Padamla (1.87),. Bajwa (1.76) and 

Koyali (1.4 times over control), (Fig.4-11.5.).

3.2.1.2. Manilkara hexandra (Roxb.) Du bard, (rayan)

3. 2.1.2.1. Effect on morphological parameters : (Table 31)

(i) Effect on' shoot length ! During monsoon, the growth 

rate of shoot highly decreased at Omkarpura (46.0%) followed 

by Damapura (40.5%), Fajalpur (36.5%) and Ranoli (25.7%). 10 

to 20% reduction was recorded at all other stations except 

Koyali where the growth rate was 8.9% higher than control.

( Fig.4.12.1.).

(ii) Effect on foliage s The rate of increase in number 

of leaves/plant was highly affected at Omkarpura, where the 

reduction was 52.8% as compared to control. 33 to 45%
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No .of Total
leaves/ leaf area
plant (Cm2)

3*6 9*4
0*8 0*5

Shoot
lengthSTATION

Baj wa

Koyali

Omkarpura

Ranoli

Padamla

Sankarda

Faj alpur

Damapura

Angadh

University
(Control)

Table 30* Field exposure of Manilkara hexandra (Roxb.) 
Dubard • (ray an) saplings

(Initial morphological observations)
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Faj alpur
+

Damapura
+

Angadh
+

University 
(Control) +

Padamla

Sankarda

Omkarpura 10*9 6.5 41 *4
+ 1 *4 1.1 3-6

Ranoli 11.4 7-4 46.0
2-1 1.8 2.5
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Table 31 • Response of Man ilk a ra hexandra (Roxb.)
Dubard (rayan) saplings to air pollution
MONSOON - Morphological observations

Shoot No. of Total Inj ury % of
STATION length

(Cm)

leaves j 
plant

leaf
area
(Gm2)

index leaves
with
symptoms

+ Standrad deviation*
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reduction was recorded at Damapura, Angadh and Ranoli. 19 to 

28% reduction was registered at Fajalpur, Bajwa and Padamla, 

whereas the growth rate at Sankarda (4.2%) and Koyali (1.4%) 

was close to control (Fig.4.12.1.).

50 to 64% reduction in the leaf area was recorded at 

Damapura, Omkarpura, Fajalpur and Ranoli as compared to 

control. At Angadh, Bajwa, Padamla and Koyali the reduction 

ranged from 19 to 34%. (Fig.4.12.2.).

In rayan, visible symptoms were comparatively less.

At Damapura 23.8% of the leaves exhibited visible foliar 

damage and the injury index was 4.8%. At Angadh and 

Omkarpura 17.1% and 15.4% of the leaves exhibited the 

injury index of 1.7% and 2.5% respectively. In the remaining 

stations foliar symptoms were not visible during this season. 

(Fig.4.12. 2.).

3.2.1.2. 2. Effect on biochemical parameters : (Table 32)

(i) Effect on photosynthetic pigments : High percentage 

reduction in chlorophyll a of rayan was recorded at Damapura 

(51.8) and Omkarpura (44.2). At Angadh and Ranoli reduction 

was 34.5% and 25.8% respectively, whereas at remaining 

stations the reduction ranged from 7 to 15% as compared to 

control. (Fig.4.12.3.).

Maximum reduction in chlorophyll b and total chlorophyll
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content was recorded at Damapura (48.0% and 52.7%) followed 

by Omkarpura (40.2% and 44%), Angadh (32.7% and 40.1%),

Ranoli (23.0% and 30.4% respectively) and in the remaining 
stations reduction varied between,6 to 20%. (Fig.4.12.3.).

At Damapura, carotenoids content in the rayan leaves 

was 41.0% less than control, whereas at Gnkarpura and Angadh 

it was 36.1 and 28.3% respectively. The percentage reduction 

at all other stations was 4.to 19% as compared to control.

(ii) Effect on ascorbic acid j Foliar ascorbic acid 

content was mostly reduced in the plants growing at pollution 
zone. Maximum reduction was observed at Qmkarpura (35.8%) 

followed by Damapura (30.6%) and Angadh (21.8%). In the 

remaining stations except Koyali, the percentage reduction 
in ascorbic acid was 7 to 16% as compared to control. At 

Koyali slight increase (6%) in ascorbic acid than control 
was noticed, (Fig.4.12.4.).

(iii) Effect on protein and total free aminoacjds : 

Foliar protein content was 36.7% less than control at 

Omkarpura, whereas at Damapura, Angadh and Ranoli the 
reduction ranged between 22 to 31%. At all other stations 

except Koyali and Sankarda the percentage reduction was 14 
to 19%. At Koyali and Sankarda minimum reduction (6 to 8%) 

was noticed as compared to the control. (Fig.4.12.4.).

Very high accumulation of free aminoacids over control
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was recorded at Ctokarpura and Damapura (4.2 times) followed 

by Ranoli and Padamla (3.9 and 3.7 times respectively). Die 
other stations in the decreasing order were Angadh (2.9), 

Fajalpur (2.8), Sankarda (2.3), Bajwa (1.7) and Koyali (1.6 

times). (Fig,4-12.4.).

(iv) Effect on total soluble sugars : Maximum reduction 
in total soluble sugars was recorded at Damapura (29.550 

followed by Qmkarpura (26.390 and Ranoli (21.290. At the 

remaining stations except Koyali, the reduction was 8 to 19% 
whereas at Koyali soluble sugars slightly increased (7.5%) 

over control, (Fig.4.12.5. ).

(v) Effect on foliar sulphur : During monsoon, maximum 

sulphur accumulation in rayan leaves over control was 
recorded at Damapura (2.5 times) and the other stations in 

decreasing order were Qmkarpura (2.14), Fajalpur (2.02), S 

Sankarda (1.82), Ranoli (1.77), Angadh (1.5), Bajwa (1.36) 

and Koyali (1.1 times). (Fig.4-12.5.).

3.2.1.3. Svzygium cumini Skeels (jamun)

3. 2.1.3.1. Effect on morphological parameters : (Table 34).

(i) Effect on shoot length ; Maximum reduction in 
growth rate of shoot (68.7%) was recorded at Damapura 

followed by Ctokarpura (60.7%) and Ranoli (59.3%). 10 to 25% 

reduction was registered at Angadh, Fajalpur, Padamla and
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Sankarda. At Bajwa (5.3%) and Koyali (3.3%) it was slightly 

less than control. (Fig.4.13.1.).,

(ii) Effect on foliage : The rate of increase in the 

number of leaves/plant was also affected at pollution zone.

42 to 59% reduction was observed at Damapura, Angadh and 

Qmkarpura. At Padamla, FaJaipur, Ranoli and Bajwa 25 to 34% 

reduction was registered. At remaining stations the percen
tage reduction ranged from 13 to 19 as compared to control. 
(Fig.4.13.1.).

In Jamun, the leaf area was highly reduced at Ranoli 
(68.6%) and Damapura (66.0%) as compared to the control. 52 

to 57% reduction was noticed at Omkarpura, Angadh, Padamla 

and Fajalpur. At remaining stations the reduction ranged from 
18 to 23%. (Fig.4.13.2.).

During monsoon, injury index was observed maximum at 
Ranoli (10.5%) followed by Damapura (7.3%)» Omkarpura (5.6%), 
Padamla (4.2%), Angadh (1.8%) and Fajalpur (1.75%). In the 

remaining stations visible foliar symptoms were not 
observed. (Fig.4.13.2.).

At Damapura, 12.7% of the leaves exhibited visible 
damage whereas at Ranoli and Omkarpura it was 9.4% and 8.2% 

respectively. In the remaining stations like Padamla, Angadh 
and Fajalpur 3 to 6% of leaves showed symptoms. (Fig.4-13.2.).



Table 33• Field exposure of Svzyqium cumini Skeels 
(jamun) saplings
(Initial morphological observations)

STATION '
Shoot
length

(Cm)

No. of
leaves/
plant

Total
leaf
area0

(Cnr)

No. of 
branches/ 
plant

Ba j wa 29*6 10.9 183 1.1
- + 4.5 3*0 15 0.7

Koyali 33.4 8-9 161 2.2
+ 3-5 2.7 17 1.1

Omkarpura 35-1 9-7 233 1.8
+ 4.3 3.8 41 1*3

Ranoli 33.8 10*5 I69 2.5
+ 3.4 3.5 13 0.3

Padamla 28.9 8*6 174 1.3
+ 5.2 4*9 15’ 1-3

Sankarda 29*3 8.9 191 1.8
+ 5.8 5.2 25 1.5

Faj alpur 25.8 11.4 209 0*9
+ 6.6 4.4 28 0.3

Damapura 26.7 14.5 242 1-1
+ 2.5 3 -8 36 0.1

Angadh 31*4 9*9 188 0*6
± 5 .6 5 .2 27 0.1

Un iv e rs ity 30*1 10.3 221 1.1 '
(Control) + 6.3 4.1 30 0*8

± Standard deviation
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3.2.1.3.2. Effect on biochenical parameters s (Table 35)

(i) Effect on photosynthetic pigments : Chlorophyll a 

and b pigments decreased 50 to 54% at Ranoli and Qmkarpura 

as compared to control, whereas at Damapura it was 48.5% and 

53.2% respectively. Among the other stations, maximum 

percentage reduction in chlorophyll a and b was observed at 
Angadh (40.8 and 40.5) followed by Fajalpur (29.1 and 34.8), 

Padamla (25.7 and 25.3), Bajwa (21.6 and 19.2), Koyali (11.7 

and 10.3) and Sankarda (10.5 and 8.8 respectively) as 
compared to control. (Fig.4.13.3.).

Total chlorophyll content in jamun leaves at Qmkarpura, 
Ranoli and Damapura was 46 to 55% less than control. At 

Angadh and Fajalpur the percentage reduction was 37.8% and 

29.5% respectively, mhereas at the remaining stations 
reduction ranged from 11 to 23%. (Fig.4.13.3. ).

Maximum percentage reduction in carotenoids content was 
recorded at Ranoli (50) followed by Qmkarpura (43.4). 28 to 

38% reduction in carotenoids level was registered at 

Damapura, Angadh and Fajalpur, whereas at the remaining 
stations reduction ranged from 5 to 18% as compared to 
control. (Fig.4.13.3.).

(ii) Effect on foliar ascorbic acid s The jamun saplings 

growing at Damapura, Qmkarpura and Ranoli exhibited 27 to
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29% reduction in, ascorbic acid content as compared to control. 
The percentage reduction of ascorbic acid-in plants growing 
at remaining stations varied from 11 to 20%, (Fig.4.13.4.).

(iii) Effect on foliar protein and total free aminoacids : 

Maximum percentage reduction of protein in Jamun leaves was 
recorded at Bamapura (38.4) and other stations in decreasing 

order were Ranoli (36.7)» Qmkarpura (31.0), Padamla (24.9), 
Angadh (19.2), Sankarda (16.4), Koyali (14.9), Fajalpur (14.1) 
and Bajwa (12.6). (Fig.4.13.4.).

Total free aminoacids content increased at all the 
stations in the pollution zone. Maximum accumulation over 
control was recorded at Damapura (1.67 times). Among the other 
stations, significant increase in aminoacids content (1.3 to 

1.6 times over control) was recorded at Omkarpura, Ranoli, 
Angadh, Padamla and Sankarda. At other stations, the accumu
lation of free aminoacids in jamun leaves ranged from 1.2 to 
1.26 times over control. (Fig.4.13.4.).

r

(iv) Effect on total soluhie sugars s It decreased in 

the jamun plants growing at pollution zone as compared to 

control. Higher reduction in soluble sugars was noticed 
(21 to 29$) at Damapura, Ranoli, Omkarpura and Fa^alpur. At 

the remaining stations the percentage reduction ranged from 
12 to 18. (Fig.4.13.5.).
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(v) Effect on foliar sulphur ; Total sulphur content 

in the jamun leaves highly increased over control at 

Damapura (2.31 times) and the other stations in decreasing 

order were Omkarpura (1.85), Ranoli (1.64), Fajalpur (1.63), 

Angadh (1.53), Sankarda (1.33), Bajwa (1.32) and Koyali 

(1.19 times over control). (Flg.4.13.5.).

3. 2. 2. RESPONSE OF FRUIT TREE SAPLINGS TO AIR POLLUTION 

DURING WINTER AT DIFFERENT EXPERIMENTAL STATIONS

During this season, the wind direction was mostly from 

north or north-east, with an average speed of 3.8 Km./hr. 

(Fig.2.2.4.). The average atmospheric temperature ranged 

from 12.1°C to 3.1«8°C and the mean relative humidity was 

58$. During winter, the stations like Angadh, Bajwa and 

Koyali were in windward direction of the pollution source 

during most part of the season, whereas all other stations 

were on leeward side.

3.2. 2.1. Mangifera indie a L. (mango)

During winter, all the mango saplings were severely 

damaged and ultimately died at Angadh due to acute e:xposure 

to pollution.



3.2. 2.1.1. Effect on morphological parameters : (Table 36)

(i) Effect on shoot length : The growth rate of shoot 

decreased 86.8% at Bajwa and 74.6% at Koyali as compared to 

control.. 56. to 62% reduction was registered at Damapura, 

Ranoli and Omkarpura. At all other stations the reduction 

ranged from 21 to 39%. (Fig.4.11.1.).

(ii) Effect on foliage ; The rate of increase in'nuraber 

of leaves/plant decreased 62 to, 75% at Bajwa, Damapura and 

Koyali. At all other stations the growth rate was 37 to 53% 

less than the control. (Fig.4.11.1.).

In mango saplings leaf area was highly affected at 

Bajwa as compared to control. The percentage reduction was 

105% at Bajwa. At Koyali, Damapura and Omkarpura the 

reduction ranged from 63 to 75%. At the remaining stations, 

the percentage reduction was 44 to 50%. (Fig.4.11.1. )•

High injury index was recorded at Damapura (35.4%) and 

the other stations in decreasing order were Ranoli (17.5%), 

Bajwa (14.4%), Koyali and Omkarpura (12.8%), Fajalpur 

(9.0%),, Sankarda (8.5%) and Padamla (7.5%). (Fig.4.11.2.).

Jlango leaves of all the saplings growing at Damapura 

exhibited visible symptoms. At Ranoli, Omkarpura and Bajwa 

71%, 47% and 31.6% of leaves showed foliar damage 

respectively. The percentage of leaves with visible



Baj wa 

Koyali 

Omkarpura■ 

Ranoli 

Padamla

Sankarda

Faj alpur

Damapura

Angadh

University(Control)

Table 3b. Response of Manqifera indica L* (mango) saplings 
to air pollution

WINTER - Morphological observations

Shoot No.of Total Injury % ofSTATION length leaves/ leaf index leavesplant area with
o symptoms(Cms) (Cm2)
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symptoms varied from 9 to 22 at all the remaining stations. 
(Elg.4.11.2.).

3.2.2.1.2. Effect on biochemical parameters : (Table 37)

(i) Effect on photosynthetic pigments t Maximum 
reduction (53 to 60%) in chlorophyll a, b and total chloro
phyll pigments was recorded at Bajwa. The percentage 
reduction in carotenoid pigments was 48.3% at Bajwa as 
compared to control.

Among the other stations, high damage to chlorophyll a 
was recorded at Damapura (32,8%). 46 to 48% reduction was 
noticed at Koyali, Ranoli and Omkarpura, whereas 32 to 39% 
reduction was at Padamla, Fa Jaipur and Sankarda.

Reduction in chlorophyll b content was 49.1%, 44.4% and 
41.3% at Ranoli, Damapura and Koyali as compared to control. 
At the remaining stations the chlorophyll b was 25 to 36% 
less than control.

Higher reduction in carotenoid pigments was registered 
at Damapura (45.7%) as compared to control. 31 to 38% 
reduction recorded at Ranoli, Koyali and Omkarpura. At the 
remaining stations the percentage reduction ranged between 
18 to 24. (Elg.4.11.3.).

(ii) Effect on foliar ascorbic acid : Maximum reduction
in ascorbic acid content was recorded at Ranoli (4o.3%)
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followed by Damapura and Bajwa (35%), Omkarpura (33%),

Koyali (29.8%), Sankarda (21.5%), Fajalpur and Padamla 

(19.1%) as compared to control. (Fig.4.11.4.).

(iii) Effect on foliar protein and total free aminoacjds : 

Foliar protein content exhibited high reduction at Ranoli 

(32.6%). 28 to 30% reduction was recorded at Bajwa, Damapura 

and Omkarpura, whereas at stations like Koyali, Fajalpur and 

Padamla 17 to 19% reduction was noticed. Minimum reduction in
4-

protein leva! was at Sankarda (9.4%) during winter. (Fig.A11.4.).

Total free aminoacids exhibited increasing trend in the 

foliar tissues at pollution zone as compared to control. The 

accumulation over control was very high at Damapura (2.4 

times), Bajwa (2.0) and Ctakarpura (1.8 times). Among the 

other stations, significant increase was observed at Koyali 

and Ranoli (1.6 times) whereas at remaining stations it was 

1.2 to 1.3 times over control. (Fig.4.11.4.).

(iv) Effect on total soluble sugars : The mango saplings 

growing at Damapura exhibited maximum reduction in soluble 

sugars (28.8%) during winter as compared to control. 16 to 

22% reduction was registered at Bajwa, Ranoli and Omkarpura.

The plants growing at remaining stations showed 5 to 11% 

reduction in soluble sugars as compared to control.

(Fig.4.11. 5.).
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(v) Effect on foliar sulphur t Sulphur accumulation in 

mango leaves over control was recorded at Damapura (3.21 

times) and the other stations in decreasing order were 

Bajwa (3.1) * Omkarpura (2.63), Keyali (2.3), Fajalpur (2.04), 

Ranoli (1.81) and Padamla (1.42 times). (Fig.4-11.5.).

3. 2. 2. 2. Manilkara hexandra (Roxb.) Dullard, (rayan)

During winter, rayan saplings growing at Bajwa were 

severely damaged and ultimately died due to acute exposure 

to pollution.

3.2. 2.2.1. Effect on morphological parameters : (Table 38)

(i) Effect on shoot length j The growth rate of rayan 

shoot decreased maximum (70.6%) at Angadh as compared to the 

control. 35 to 55% reduction was registered at Omkarpura, 
Koyali and Damapura. At Ranoli, Fajalpur and Padamla the 

reduction ranged from 7 to 18%, whereas at Sankarda the 
growth rate was 11.8% higher than control. (Fig.4-12.1.).

(ii) Effect on foliage ; The rate of increase in number 

of leaves was also affected in the plants growing at pollution 
zone. 45 to 59% reduction was observed at Angadh, Omkarpura, 
Koyali and Damapura. At all the remaining stations the - 
percentage reduction was between 5 to 20% as compared to !'r> 

control. (Fig.4-12.1.).
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Shoot
length

(Cm)

No .of 
leaves / 
plant

Total
leaf
area(Cm2)

Injury-
index

% of 
leaves 
with 
symptoms

All plants ultimately died due to acute 
exposure to air pollution

STATION

Baj wa

Koyali
+

Omkarpura
+

Ran oli
+

Padamla
+

Sankarda
-J-

Faj alpur
+

Damapura
+

Angadh
+

University 
(Control) +

+ Standard deviation.

Table 38* Response of Man ilkara hexandra (Roxb.) Dubard. 
(rayan) saplings to air pollution

WINTER - Morphological observations
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In rayan leaf area was highly reduced (53.6%) at Angadh 

as compared to the control. 40 to 51% reduction was recorded 
at Omkarpura, Koyali and Damapura. At all other stations 

except Fadamla and Sankarda the reduction was 18 to 23%. At 

Sankarda and Fadamla the growth rate was mere or less close 
to control. (Fig.4-12. 2.).

Visible foliar symptoms were observed at Angadh, Damapura 
and Ranoli. At Angadh, 23% of leaves exhibited an injury 

index of 14.5%. At Damapura 12.4% of the leaves showed an 
injury index of 6,3%. (Fig.4.12.2. ).

3.2.2. 2.2. Effect on biocheaical parameters i (Table 39)

(i) Effect on photosynthetic pigments : Maximum reduction 

in chlorophyll pigments in rayan saplings was recorded at 
Angadh. Chlorophyll a pipient decreased maximum (48.7%) at 

Angadh followed by Damapura (32.2%), Omkarpura (26.1%),

Koyali (24.1%) and Ranoli (22.4%) as compared to control. At 

other experimental stations, the percentage ranged between 

3 to 11%.

Maximum reduction in chlorophyll b pigment was recorded 
at Angadh (45.9%), whereas at Koyali, Omkarpura, Ranoli and 

Damapura the reduction was 19 to 29% as compared to the 
control. At Padamla, Fajalpur and Sankarda chlorophyll b 
was close to control. ( Fig.4.12.3.).
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Total chlorophyll content reduced by 48.2% at Angadh and 

40.8% at Damapura as compared to control. At Omkarpura,

Ranoli and Koyali the reduction in total chlorophyll was 

between 29 to 31% whereas at the remaining stations it 

varied from 6 to 12%.

The carotenoid pigments reduction at Angadh was 35.7% 

as compared to control. 16 to 28% reduction in carotenoids 

was registered at Damapura, Koyali, Omkarpura and Ranoli, 

whereas it was 3 to 11% at the remaining stations. (Fig.4.12.3.).

(ii) Effect on foliar ascorbic acid : In rayan ascorbic 

acid level decreased by 42.1% at Angadh during winter. At 

the remaining stations except Sankarda, reduction was from 

15 to 26% as compared to control. At Sankarda, foliar
4-

ascorbic acid content was very close to control. (Fig.^12.4.).

(iii) Effect on foliar protein and total free aminoacjds j 

Maximum reduction in protein content was recorded at Angadh 

(35.2%) as compared to control. At Damapura, Omkarpura, and 

Koyali, the percentage reduction was between 18 to 23%, 

whereas at Ranoli, Fajalpur and Padamla it was frcm 8 to

11%. Foliar protein level was close to control at Sankarda 

during this season. (Fig.4.12.4.),

Accumulation of free aminoacids in the foliar tissues 

was observed in the plants growing at pollution zone. Total 

free aminoacids highly increased over control at Angadh
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(4.0 times) followed by Omkarpura (3.3), Damapura (3.2), 

Koyali (2.9), Fajalpur (2.5) and Ranoli (2.1 times). 

Accumulation of free amino-acids over control was from 1.4 

to 1.6 times at other exposure stations. (Fig.4-12.4,),

(iv) Effect on total soluble sugars : Foliar sugar 

content decreased maximum at Angadh (37.8%) as compared to 

control. The per cant age reduction in soluble sugars was 17 

to 25% at Koyali, Omkarpura and Damapura, whereas it was 3
4-

to 14% at Ranoli, Padamla, Fajalpur and Sahkarda. (Fig.^,12.5.).

(v) Effect on foliar sulphur : During winter, highest 

accumulation of sulphur over control in foliar tissues of 

rayan was recorded at Angadh (2.81 times). The other 

stations in decreasing order were Damapura (2.16), Fajalpur 

(1.64), Qnkarpura (1.6), Koyali (1.55), Sahkarda (1.38), 

Padamla (1.35) and Ranoli (1.21 times), (iig.4.12.5.).

3. 2. 2.3. Svzygium cumini Skeels (jamun)

3.2. 2.3.1. Effect on morphological parameters : (Table 40)

(i) Effect on shoot length : During winter, the growth 

rate of jamun shoot was highly decreased (48 to 64%) in the 

plants growing at Angadh, Bajwa, Koyali and Ranoli as 

' compared to the control. At Damapura and Omkarpura the 

reduction in growth rate was 29.4% and 13.7% respectively.

The growth rate was slightly less than control at Padamla
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(7.2%) and Fajalpur (3.3%), whereas it was 8.5% higher than 

control at Sankarda. (Fig.4,13.1.).

(ii) Effect on foliage : In Jamun, the growth rate 

with respect to number of leaves/plant was also highly- 

affected at pollution zone. The reduction was maximum 
(103.1%) at Angadh followed by Ranoli (70.0%), Bajwa (51.3%) 

and Damapura (43.1%). The percentage reduction was 10 to 29% 

at Koyali, Qnkarpura and Eh Jaipur. During winter, Jamun 
saplings at Padamla and Sankarda exhibited slightly higher 
rate of increase in number of leaves (5.6% and 6.9% 

respectively) than control plants. (Fig.4.13.1.).

The leaf area was drastically affected at Angadh as 
compared to the control. The percentage reduction was 114.7 

at Angadh, whereas 53 to 70% reduction was registered at 
Ranoli, Bajwa, Koyali and Qnkarpura, 9 to 28% reduction was 

recorded in plants growing at Omkarpura, Fajalpur and 

Sankarda. The rate of growth with respect to total leaf 

area of Jamun was very close to control at Padamla. 
(Fig.4.13.-2.).

The injury index was maximum at Angadh (36%) during 

winter and the other stations in decreasing order were 
Bajwa (17%), Damapura (13.4%), Ranoli (11.6%) and Koyali 

(6.4%). Visible foliar damage was not observed at remaining 
stations during this season. (Fig.4.13. 2.).
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At Angadh, 50% of the leaves exhibited visible 

symptoms, in jamun. At Damapura, Ba^jwa, Ranoli, Koyali and 
Omkarpura the foliar damage was exhibited by 20.6%, 18.6%, 

14.8%, 4.0% and 2.0% of leaves respectively. (Fig.4-13.2.).

3.2. 2.3.2. Effect on biochemical parameters i (Table 41)

(i) Effect on photosynthetic pigments : During this 

season, drastic reduction in chlorophyll pigments was 
observed at Angadh, Baowa, Damapura and Ranoli.
Chlorophyll a pigment decreased maximum (52.5%) at Angadh, 

whereas at Bajwa, Damapura and Ranoli it was 40 to 45% less 
than control. At the remaining stations except Sankarda, the 
percentage reduction was between 16 to 26%. Chlorophyll a 

content of Jamun leaves at Sankarda was very close to 

control. More or less similar pattern of damage in total
chlorophyll was noticed. (Fig.4.13.3.).

\

High reduction (43 to 49%) in chlorophyll b pigment 

was recorded at Angadh, Damapura and Bajwa. At Ranoli the 

percentage reduction in chlorophyll b was 32.2%, whereas 

at remaining stations it varied from 14 to 25% as compared 
to control^ (Fig.4.13.3.).

Maximum reduction (40.9%) in carotenoids level was 

observed at Angadh. Among the other stations, high reduction 
was observed at Bajwa, Damapura and Ranoli (32.6%, 31.2% and
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29% respectively). At the remaining stations, the percentage 

reduction was between 10 to 16%. (Fig.4.13.3.).

(ii) Effect on foliar ascorbic acid : Ascorbic acid in 

the foliar tissues of Jamun decreased by 41.9%, 39.4%, 37.9% 

and 20.6% at Angadh, Ranoli, Bajwa and Damapura respectively. 

The reduction was 10 to 18% at the remaining stations except 

at Sankarda where it was close to control. (Fig.4,13.4.).

(iii) Effect on foliar protein and total free 

aminoacids : Foliar protein content diminished maximum at 

Angadh (46.4%). The other stations in decreasing order were 

Bajwa (36.6%), Ranoli (23.6%), Damapura (26.7%), Koyali 

(21.8%) and at the remaining stations it was 12 to 20%, 

except Sankarda where protein level was slightly higher 

than control. (Fig.4.13.4.).

Total free aminoacids level increased over control in 

the plants growing at Angadh (1.67 times), Bajwa (1.56), 

Damapura (1.38), Ranoli (1.41), Koyali (1.38) and Fajalpur 

(1.27 times). At the ranaining stations the total free 

aminoacids level was close to control. (Fig.4.13.4.).
l

(iv) Effect on total soluble sugars : Maximum reduction 

in soluble sugar content was recorded at Angadh (32.3%) 

followed by Bajwa (28.3%), Ranoli (26.2%), Koyali (23.1%) 

and Damapura (18.6%). Among the other stations, 16.3%
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reduction was observed at Padamla whereas at the remaining 

stations reduction was from 8 to 14% as compared to 
control. (ELg.4.13.5.).

(v) Effect on foliar sulphur content : Very high 

sulphur accumulation over control in the jamun leaves was 
recorded at Angadh (2.82 times). The other stations in the 

decreasing order were Bajwa (2.67), Damapura (1.85),
Koyali (1.73), Padamla (1.42), Ranoli (1.37), Omkarpura 

(1.36), Fajalpur (1.26) and Sankarda (1.21 times over 

control). (Fig.4,13.5.).

3.2.3. RESPONSE OF FRUIT TREE SAPLINGS TO AIR POLLUTION 

DURING SUMMER AT DIFFERENT EXPERIMENTAL STATIONS

During this season, wind direction was south or south

west during most of the season with an average speed of 8.0 
Km./hr. (Fig.2,2,4.). The mean atmospheric tanperature ranged 
from 19.6°C to 38.1°C and the average relative humidity was 

52%. Similar to monsoon season, the stations like Omkarpura, 

Ranoli and Damapura were on windward direction of the source, 
whereas Bajwa,JKoyali and Angadh were on the leeward side.



3.2.3.1. Mangifera indica L. (mango)

3.2*3.1.1. Effect on morphological parameters % (Table 42)

(i) Effect on shoot length ; During summer, growth rate 

of mango shoots was drastically reduced at pollution zone

as compared to the control. 88 to 95% reduction was 

registered at Ranoli, Gnkarpura and Damapura. At Angadh, the 

shoot growth rate decreased by 75.2%, \i?hereas at Bajwa and 

Koyali the reduction was 52.9% and 43.1% as compared to the 

cont rol. (Fig.4.11. 1.).

(ii) Effect on foliage : In mango the rate of increase 

in number of leaves/plant was highly affected at pollution 

zone. The reduction was very high at Damapura (105.4%) and 

Omkarpura (101.4%) as compared to control. At all other 

stations except Koyali, the reduction ranged from 50 to 71%, 

whereas at Koyali it was 39.2% as compared to control. 

(Fig.4-11. 1.).

During summer, in mango saplings leaf area was observed 

75 to 95% less than control at Ranoli, Omkarpura, Damapura 

and Angadh. At Bajwa and Koyali the percentage reduction was 

52.9 and 43.1 respectively. (Fig.4-11.1.).

The- injury index was maximum at Damapura (34.1%) during 

this season and the other stations in the decreasing order
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•were Ranoli (29.5%), Angadh (26.3%), Omkarpura (22.9%),

Bajwa (16.5%) and Koyall (8.5%). (Fig.4.11.2. ),

In the mango saplings growing at Damapura, Ranoli, 

Omkarpura and Angadh, 72 to 87% of leaves exhibited visible 

foliar damage. At Bajwa and Koyali 36.6% and 17.2% of leaves 

showed damaging symptoms respectively. (Fig.4.11.2.).

3. 2. 3.1.2. Effect on biochemical parameters : (Table 43)

(i) Effect on photosynthetic pigments : Chlorophyll 

pigments and carotenoids in mango leaves were significantly 

damaged at all the exposure stations.

Chlorophyll a pigment reduced 50 to 56% at Omkarpura, 

Damapura and Ranoli as compared to control. At Angadh,

Bajwa and Koyali the percentage' reduction was 48.2.,- 43.1

and 21.7 respectively. (Fig.4.11.3.).

Reduction in chlorophyll b pigment was maximum at 

Damapura (52.3%). At all the remaining stations except 

Koyali, the percentage reduction ranged between 38 to 48%, 

whereas at Koyali it was 27.3%.

Very high reduction in total chlorophyll content was 

observed at Omkarpura (61.3%), Ranoli (56.1%) and Damapura 

(53.7%). In the remaining stations except Koyali (22%) 

reduction was about 44% as compared to control.
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Carotenoid pigments were recorded 35 to 46% less than 

control in mango growing at Damapura, Omkarpura, Ranoli 

and Angadh. At Bajwa and Koyali the reduction was 27.0%
’ 4-and 18.0% respectively as compared to control. (Fig.^11.3.).

(ii) Effect on foliar ascorbic acid : Ascorbic acid 

decreased in the foliar tissues of mango growing at 

pollution zone as compared to control. Maximum reduction was 

at Omkarpura (39.7%), whereas 34 to 38% reduction was 

registered at Ranoli, Damapura and Angadh. At Koyali and 

Bajwa, the foliar ascorbic acid content was 26.2% and 21.9% 

less than control respectively. (Fig.4.11.4.).

(iii) Effect on foliar protein and total free 

aminoacids : Maximum reduction in protein content was 

noticed at Omkarpura (32.1%) followed by Damapura (30.9%), 

Ranoli (25.2%), Angadh (23.8%) and Bajwa (16.1%) as compared 

to control. At Koyali foliar protein level was very close to 

control (Fig.4.11.4.).

Total free aminoacids level increased significantly 

over control at all the stations in the pollution zone. It 

was very high at Damapura (2.6 times) and Omkarpura (2.4 

times over control). At stations like Bajwa, Ranoli and 

Angadh the accumulation was 2.1 to 2.2 times over control, 

whereas at Koyali it was only 1.5 times over control.

(Fig.4.11.4. ).
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(iv) Effect on total soluble sugars : High reduction 

(31.1%) in soluble sugar content was recorded at Damapura.

21 to 24% reduction in foliar sugar content was recorded at 

Ranoli, Qnkarpura and Angadh. At Bajwa and Koyali the 

percentage reduction was 12.3% and 9.4% respectively as 

compared to control. (Fig.4.11.5.).

(v) Effect, on foliar sulphur : Maximum sulphur accumu

lation over control in mango leaves was recorded at Damapura 

(3.11 times). The other stations in decreasing order were 

Omkarpura (2.98), Angadh (2.86), Bajwa (2.72), Koyali (2.71) 

and Ranoli (1.94 times). (Fig.4-11.5.).

3.2. 3. 2. Manilkara hexandra (Roxb.) Dubard. (rayan)

3. 2.3. 2.1. Effect on morphological parameters : (Table 44)

(i) Effect on shoot length : During summer, the growth 

rate of rayan shoots decreased by 46 to 56% at Omkarpura, 

Damapura and Bajwa as compared to control. At Angadh and 

Ranoli the reduction was 38.4% and 35.2% whereas at Koyali 

it was 13.8% respectively (Fig.4.12.1.).

(ii) Effect on foliage : The rate of increase in number 

of leaves/plant was maximum affected at Damapura followed by 

Omkarpura, where it was reduced by 53.7% and 51.2% as 

compared to control respectively. 34 to 44% reduction was 

recorded at Angadh, Bajwa and Ranoli. At Koyali, the
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percentage reduction in growth rate was 24.4 as compared to 
control. (Fig.4-12.1.).

The total leaf area in the saplings was observed less 

than control in the plants growing at pollution zone. 
Maximum reduction (78.8%) was recorded at Damapura. 61 to 

67% reduction was noticed at Ranoli, Omkarpura and Bajwa.

At Angadh and Koyali, the reduction in growth rate was 
47.6% and 21.4% as compared to the control. (Fig.4.12.2.).

During summer, the visible foliar damage was mostly- 
observed at all the stations (except Koyali) under 

investigation in the pollution zone. Injury index was 
maximum (11.3%) at Damapura followed by Omkarpura (8.4%), 

whereas at other stations injury index was from 1.6 to 5%. 

(Fig.4.12. 2.).

In rayan, saplings growing at Damapura, Omkarpura and 
Angadh 23 to 28% of the total leaves exhibited visible 

foliar symptoms. At Bajwa and Ranoli 12.8% and 11.5% of 

the leaves showed visible damaging symptoms respectively. 
(Fig.4.12.2.).

3. 2, 3. 2.2. Effect on biochemical parameters ; (Table 45)

(i) Effect on photosynthetic -pigments : During summer 

severe damage to chlorophyll pigments was noticed in rayan 

at Damapura and Omkarpura. Chlorophyll a pigment was



reduced 48.9% and 45.6% respectively at these stations as 

compared to control. At the remaining stations except 

Koyali, the chlorophyll a content -was 23 to 30% less than 

control. At Koyali the percentage reduction -was 11.4. More 

or less similar pattern of damage was observed in total 

chlorophyll content.

Maximum reduction in chlorophyll b pigment was 

registered at Damapura (46.3%). Among the other stations, 

at Gmkarpura and Angadh 44.3% and 30.1% reduction was noticed 

whereas at the remaining stations chlorophyll b level was 

8 to 22% less than control.

Carotenoid pigments decreased by 45.2% at Damapura,

37.6% at ©mkarpura and 21.2% at Angadh. Among the other 

stations, only at Koyali the percentage reduction was 7, 

whereas at the remaining stations it was 15 to 20, as 

compared to control. (Fig.4.12.3.).

(ii) Effect on foliar ascorbic acid ; Maximum reduction 

in ascorbic acid content was recorded at Damapura (34.8%).

The other stations in decreasing order were Omkarpura (29.4%) 

Angadh (24.1%), Bajwa (19.1%) and Ranoli (18.4%). At Koyali 

it was 8.9% hi#xer than control. (Pig.4.12.4. ).

(iii) Effect on foliar protein and total free 

aminoacids : During summer, foliar protein content decreased 

at all the stations under investigation. Maximum reduction
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was recorded at Omkarpura (39.3%) followed by Damapura 

(35.5%). At the remaining stations except Koyali (9.7%) 

the percentage reduction was between 20 to 30% as compared 

t o cont rol. ( Fig.4.12.4.).

Very high accumulation of free aminoaeids over control 

was recorded in the plants growing at pollution zone. At 

Omkarpura, Damapura and Ranoli the aminoaeids content varied 

from 4.1 to 4.9 times over control. At the remaining 

stations, increase in free aminoaeids level was 2.2 to 2.7 

times over control. (Fig.4-12.4.).

(iv) Effect on total soluble sugars i Soluble sugar 

content decreased at all the stations except Koyali as 

compared to control. Maximum reduction registered at 

Damapura was 34.8%',. The percentage reduction ranged from 

14 to 30% at all the remaining stations except Koyali where 

it was close to control. '(Fig.4.12.5.).

(v) Effect on foliar sulphur : During summer, maximum 

accumulation of sulphur in the foliar tissues of rayan 

saplings was recorded at Damapura (3.1 times over control). 

The other stations in the decreasing order were Angadh 

(2.71), Omkarpura (2.64), Ranoli (1.81), Bajwa (1.79) and 

Koyali (1.38 times over control). (Fig.4.12.5.).
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3.2.3.3. Syzygium cumini Skeels (jamun)

3. 2. 3.3.1. Effect on morphological parameters : (TahLe 46)

(i) Effect on shoot length ; During summer, the growth 

rate of jamun shoot of plants growing at Omkarpura was highly 

decreased (75.9$) as compared to the control. At Ranoli and 

Damapura the percentage reduction was 65.5 and 60.2 

respectively. At all other stations the reduction varied 

from 32 to 40$ as compared to the control. (Fig.4,13.1.).

(ii) Effect on foliage : The rate of increase in 

number of leaves/plant was also reduced in the plants 

growing at pollution zone as compared to control. Maximum 

reduction (50.5$) was registered at Damapura followed by 

Omkarpura (49.3$). At Bajwa, Angadh and Ranoli the reduction 

ranged from 14 to 29$, whereas at Koyali growth rate
' 4-

slightly decreased (6.0$) as compared to, control. (Fig.A13.1.).

During summer, in jamun saplings leaf area was 68.6$ 

and 62.8$ less than control at Ranoli and Omkarpura. At all 

other stations except Koyali, the reduction ranged from 35 

to 55$. At Koyali, total leaf area was slightly higher 

(7.2$) than control plants. (Pig.4-13.2. ).

Injury index was recorded maximum in jamun saplings 

growing at Damapura (38.4$) followed by Angadh (29.1$), 

Omkarpura (18.7$), Ranoli (15.3$), Bajwa'--.' (9.3$) and 

Koyali (2.6$). (Fig.4.13.2.).
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The saplings exposed at Damapura and Ranoli exhibited 
visible foliar synptoms in 58.7% and 46.1% of the leaves 
respectively. At Angadh and Omkarpura 32.4% and 29.1% of 

the total leaves showed foliar damage. Comparatively lesser 
number of leaves exhibited visible damage at Bajwa (11.3%) 

and Koyali (4.1%). (Fig.4<13. 2.).

3.2. 3.3. 2. Effect on biochemical parameters : (Table 47)

(i) Effect on photosvnthetic pigments ; The chlorophyll a 

content of jamun saplings exposed at Damapura exhibited 
maximum damage i.e. it was 50.6% less than the control plants. 

40 to 47% reduction was recorded at Angadh, Ranoli and. 

Damapura. At Bajwa and Koyali the percentage reduction was 
26.5 and 15.7 respectively. More or less similar pattern of 

damage in total chlorophyll content was noticed at the above 

exposure stations.

Maximum reduction in chlorophyll b pigment was recorded 
at Damapura (54.9%)» at Ranoli, Angadh and Omkarpura it 

decreased from 39 to 47% as compared to the control. At 

Bajwa and Koyali, the percentage reduction in chlorophyll b 
was 23.3 and 10.9 respectively.

Carotenoid pigments decreased 34 to 44% at Damapura, 

Ranoli, Angadh and Omkarpura as compared to control. At 
Bajwa and Koyali carotenoids level was 17.5%-and 8.2% less 
than control respectively. (Fig.4.13.3.).
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(ii) Effect on foliar ascorbic acid : Daring summer, 

the foliar ascorbic acid in jamun plants exposed at Damapura 

was 34.9% less than the control. The reduction at other 

stations in decreasing order was 32.2% at Omkarpura, 30,9% 

at Ranoli, 28.6% at Angadh and 18.0% at Bajwa. .At Koyali
4.

ascorbic acid content was very close to control. (Fig.,13.4.).

(iii) Effect on foliar protein and total free 

aminoaclds : The foliar protein content at Damapura was

44.1% less than control. Among other stations, reduction was 

29 to 37% at Omkarpura, Angadh and Ranoli whereas at Bajwa 

it was 16.7% as compared to control. At Koyali it was very 

close to control. (Fig.4.13.4.),

Significant accumulation (1.4 to 1.8 times) of free 

aminoacids over control was noted at all the stations, 

except Bajwa and Koyali where it was 1.2 and 1.1 times over 

control. (Fig.4.13.4.).

(iv) Effect on total soluble sugars : Soluble sugar 

content was 36.8% less in jamun plants growing at Damapura 

as compared to control. At Ranoli, Angadh and Omkarpura it 

decreased from 25 to 30%. Biere was comparatively less 

(7.5%) reduction in sugar content at Koyali. (Fig.4.13.5.).

(v) Effect on foliar sulphur ; Sulphur accumulation in 

foliar tissues was recorded maximum at Damapura (2.6 times 

over control). The other stations in decreasing order were 

Angadh (2.01), Omkarpura (1.96), Ranoli (1.61), Bajwa (1.47) 

and Koyali (1.34 times over control). (Fig.4.13.5.).
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3.3. ARTIFICIAL FUMIGATION STUDY

To determine the effect of S02 on three tree species 

under investigation, unexposed, ascorbic acid untreated 

plants (C,) were compared with SO., exposed and ascorbic acid 

untreated (C^) plants.

The SOp effect on ascorbic acid treated plants (T1 and Tp)
* €mm

■was also determined by comparing with C,j.

The amelioration of SO^ effect by ascorbic acid was 

determined by comparing T^ and T,, plants with Cg.

3.3. 1. MANGIFERA INDICA L. (MANGO)

3. 3. 1.1. Effect of sulphur dioxide

(i) Effect on foliage : Visible foliar tip turning 

symptoms were observed in C2 plants at 90 days in 17.39% of 

the leaves. At 120 days, 33.85% of the leaves exhibited an 

injury index of 6.49%. At 150 days, 56.7% of the leaves showed 

visible foliar damage and the injury index was 25.6%. At 180 

days, the injury index was 33.9% and the leaves with symptoms 

were 88.9%.

In the T^ plants visible symptoms were recorded at 150 

days in 16.5% leaves and,the injury index was 1.14%. At
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180 days, 20.38% of the leaves exhibited symptoms and the 

injury index was 5.49%.

In T^ plants, foliar symptoms were recorded at 90 days 

in 6.45% of the leaves. At 120 days, 15.9% of the leaves 

exhibited injury index of 5.71%. At 150 days, the injury index 

was 16.3% in 33.0% of leaves. At 180 days, 66.2% of leaves 

showed visible damage and the injury index was 30.3^.

(ii) Effect on chlorophyll a : Gradual reduction in 

chlorophyll a pigment was observed in C2 plants with increasing 

exposures of SOg. At 60 and 120 days chlorophyll a content in C 

plants was 11.96% and 26.0% less than respectively. At 180 

days, i.e. exposure of 60 ppmh accumulative dose of S02, 

chlorophyll a reduced 43.5% in C2 plants as compared to C1#

In T<j plants, at 30 days chlorophyll a was close to 

At 60 and 120 days it decreased 5.02% and 13.4% respectively.

At 180 days reduction was 15.6?% as compared to C^,

In T2 plants at 30 days, chlorophyll a leveL was close 

(1.95% higher) to C^, but in subsequent exposures it 

decreased gradually. At 120 and 180 days, the reduction was 

20.4% and 39.8% as compared to C^. (Fig.3.6.1.).

(iii) Effect on chlorophyll b : In C2 plants it was 7.1%
_ 1less than after exposing to 10 ppmh accumulative S02 

dose, The degradation of ohiLorcphyll b increased with number of



Fig#3.6.1« Effect of S02 fumigation on photos'ynthetic 
pigments of Manqifera indica L. (mango)

i Neither exposed to S02 nor treated with 
ascorbic acid (AA)

C2 s Exposed to S02 but not treated with AA

Xj : Exposed to S02 anfl treated with 
10 janoles of AA.

T2 i Exposed to S02 and treated with 
100 jjmoles of AA.
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S02 exposures. At 120 and 180 days, it was 24.1$ and 46.1$ 

less in C2 plants than in 0, respectively.

In T^ plants, at 30 days chlorophyll b level was close to 

C^, but in subsequent exposures it decreased rapidly. At 60 

and 120 days, it was 3.73 and 12.38$ less than C,j. At 180 days 

reduction was 15.98$ as compared to C^,
In T,, also at 30 days chlorophyll b was least affected.

At 60 and 120 days the reduction was 10.76$ and 21.5$ 

respectively. At 180 days, the percentage reduction was 35.9 

as compared to (Fig.3,6. 1.).

(iv) Effect on carotenoids : The carotenoid pigments 

content in tC2 plants diminished with increasing number of SO,, 

exposures. At 60, 120 and 180 days carotenoid pigments content 

in C2 plants was 10.97$, 3D.07$ and 38.57$ less than C1 

respectively.

_ -j
In T^ even after exposing to 20 ppmh accumulative SO^ 

dose carotenoids were least affected. At 90 and 150 days it 

was 5.1$ and 12.8$ less than respectively. The reduction 

was 10.6$ at 180 days as compared to C,j.

In T2 plants, at 30 days carotenoids content was slightly 

higher than C.J, but with subsequent exposures it decreased 

rapidly. At 60, 120 and 180 days the carotenoids level was 

6.0$, 18.4$ and 37.1$ less than C^. (Fig.3.6.1.).
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(v) Effect on ascorbic acid : Not much change in ascorbic
*» 1acid content of C2 was observed upto 10 ppmh SO,, exposure.

In subsequent S02 exposures it decreased sharply. At 6o, 120 

and 180 days foliar ascorbic acid content in C2 plants 

decreased by 6.4$, 19.696 and 29.76% as compared to C1 

respectively.

In T1 plants slight increase (2.3%) over C,j was observed 

at 30 days, but at 60, 120 and 180 days it was 4.4%, 14.5% and 

11.6% less thhn respectively.

In T2 plants also at 30 days slight increase (4.5%) over 

C1 was observed, but it decreased sharply with further 

exposures. At 120 and 180 days ascorbic acid content in T2 

was 18.1% aid 26.03% less than C1 respectively. (Fig.3.6.2.).

(vi) Effect on foliar protein ; In C2 plants protein 

content declined due to S02 exposures. At 60 and 120 days it 

decreased 6.86% and 18.9% as compared to C1# At 180 days sharp 

reduction (34.5%) was noticed in C2 plants.

At 30 days in plants, the foliar protein content was 

slightly higher (2.4%) than C^, but at 60 days it was 5.3% 

less than C^. Maximum reduction in plants (18.6%) was 

recorded at 180 days.

Initial increase in protein content (5.9%) was noticed in 

T2 plants at 30 days, but in subsequent exposures it exhibited
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Fig.3.6*2. Effect of S02 fumigation on foliar ascorbic 
acid content of Manqifera indica L#

t Neither exposed to S02 nor treated 
with ascorbic acid (AA)

C2 s Exposed to S02 but not treated with AA

Tj s Exposed to S02 and treated with 
10 jiimoles of AA

T2 j Exposed to S02 and treated with 
100 jumoles of AA

(Vertical bars represent standard 
deviation )
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Fig.3.6.3 • Effect of SO2 furtigation on (A) foliar
protein and (B) total free aminoacid content 
of Man gif era' indica j- •

Cj s Neither exposed to SO2 nor treated 
with ascorbic acid (AA)

C2 t Exposed to S02 but not treated with AA

i Exposed to S02 and treated with 
10 pmoles of AA

T2 t Exposed to S02 and treated with 
100 pmoles of AA

(Vertical bars represent standard 
deviation )
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decreasing trend. At 60, 120 and 180 days reduction was 4.3%, 

18.3% and 32.5% as compared to respective!y. (Fig.3-6.3A.).

(vii) Effect on total free aminoacids : SO^ exposures 

increased the total free aminoacid content in the foliar 

tissues of plants. At 60, 120 and 180 days in C2 plants, 

it was 12,6%, 30.5% and 58.8% higher than respectively.

In T, plants also SO., exposure Inoreased the free amino- 

acids. At 60 and 120 days it was 13.6% and 25.7% higher than 

respectively. Maximum percentage of accumulation (39.5%) 

was recorded at 150 days. At 180 days it was 35.4% higher than

cr

In'Tg plants, free aminoacid content always showed 

increasing trend. At 60, 120 and 180 days, it was 10.1%, 31.5% 

and 54. 5% higher than C1 respectively. (Fig.3-6.3B.).

(viii) Effect on total soluble sugars. : At 30 days, the 

soluble sugar content in C2 plants was close to C^. At 60, 120 

and 180 days 4.6%, 16.0% and 31.6% reduction was recorded as 

compared to

Initial increase (5.5%) in soluble sugars was observed in 

plants at 30 days, but with further exposures it decreased. 

Maximum reduction (20.1%) was recorded at 150 days. At 180 

days, it was 18.6% less than C^.



188

In T2 plants, 6.7# Increase over was recorded at 30 , 

days. At 60 days sugar content was close to C^, but in 

subsequent exposures it was reduced in plants. At 120 and 

180 days soluble sugar content in ?2 was 18.5# and 28.1# 

less than (Fig.3.6.4.A,).

(ix) Effect on sulphur content : Gradual Increase in 

foliar sulphur content was recorded corresponding with the 

increasing S02 exposures. In C2 plants, foliar sulphur content 

was 13.5#, 28.7# and 46.5# higher than C^, at 90, 120 and 180 

days respectively.

plants also exhibited increasing trend in sulphur 

accumulation. At 6o, 120 and 180 days it was 6.0#, 21.3# 

and 30.4# higher than C^.

S02 exposure increased the foliar sulphur in T2 plants. 

26.5# and 45.6# increase over C1 was recorded at 120 and 180 

days. (Fig.3.6.4.B,).

3.5.1.2. Amelioration of S02 effect by ascorbic acid 

treatments :

In mango, among the two concentrations of ascorbic acid 

employed, 10 ^amoles treatment (T^) mitigated the S02 effect 

more than 100 jmoles treatment (T2).



Fig.3.6.4. Effect of SO2 fumigation on (A) foliar 
total soluble sugars and (B) sulphur 
content of Man gif era indica L»

Cj 8 Neither exposed to S02 nor treated 
with as corbie acid (AA §

C2 * Exposed to S02 but not treated 
with ascorbic acid

s Exposed to S02 and treated with 
10 jumoles of AA

T2 t Exposed to S02 and treated with 
100 jumoles of AA.

(Vertical bars represent standard 
deviation)
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(i) Effect on chlorophyll a : Chlorophyll a pigment was 

always higher than C2 plants in the ascorbic acid treated 

plants (T1 and T^). In at 60, 120 and 180 days the 

amelioration effect was well reflected by 6.86%, 17.0% and 

49.3% increase over C2 respectively.

In T2, at 30 days 8.45% increase over C2 was recorded.

At 120 and 180 days the chlorophyll a level in T2 was 7.6% 

end 6.6% higher than C2 respectively. (Fig.3.6.1.).

(ii) Effect on chlorophyll b : In ^ plants chlorophyll b 

pigment was 11.6%, 15.4% and 55.9% higher than C2 at 60, 120 

and 180 days.

In T2 plants, at 30 days chlorophyll b was 9.33% higher 

than C2, whereas at 120 and 180 days the percentage increase 

was 3.3% and 18.9% over C2 respectively. (Fig.3.6,1. ).

(iii) Effect on carotenoids : In this pigment also 

exhibited increasing trend over C2< At 60, 120 and 180 days 

it was 11.1%, 8.1% and 45.9% higher than C2 respectively.

In plants, at 30 days carotenoids level was 8.75% 

higher than C2. The carotenoids content in T2 plants was more 

or less close to C2 at 120 and 180 days. (Fig.3-6.1.).

(iv) Effect on ascorbic acid : In T^ at 30 days it was 

slightly higher (3.69%) than C2 plants. At 1.20, 150 and 180 

days it was 6. 33%, 16. 1% and 25.8% higher than C2 respectively.
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In T2 plants foliar ascorbic acid content showed slight 

increase over C2 at 30 and 60 days (5.91 and 3.62% respectively). 

At 120 days it was close to C2, hut at 180 days ascorbic acid 

content was 5.3% higher than C2. (Fig.3.6. 2.).

(v) Effect on foliar protein : In plants, at 30 days 

protein cent ait was 5.96% higher than C2, At 120 and 180 days 

the percentage increase was 6.4 and 25.0 respectively.

In T2 plants also at 30 days, protein content increased 

significantly (9.58%) over C2. The protein content in T2 

plants was very close to C2 plants at 120 and 150 days. At 

180 days it was slightly (4.1%) higher than C2, (Fig.3.6.3. A.).

(vi) Effect on total free aminoacids : In T^, the free' 

aminoacid content was very close to C2 plants upto 90 days.

The mitigating effect was reflected by reducing the accumulation 

of free aminoacids in . It was 3.68%, 4.59% and 14.7% less 

than C2 plants at 120, 150 and 180 days respectively.

In T2 plants free aminoacids level was close to C2 upto 

120 days. At 150 and 180 days it was slightly (2.3 and 2.8% 

respectively) less than C2. (Fig.3.6. 3. B.).

(vii) Effect on total soluble sugars ; In T1 soluble sugar 

content was observed always higher than C2< At 60, 120 and 180 

days it was 3.77%, 5.72% and 18.5% higher than C2 respectively.
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In T2, at 30 and 60 days it was 5. 33$ and 5.98% higher 

than C2. At 120 and 150 days sugar content was close to C^.
At 180 days, it -was 4.8% higher than C2* (Fig.3.6.4.A).

(viii) Effect on foliar sulphur : The sulphur content in 

T^ was close to C2 at 30 and 60 days. It decreased by 5.98% 

and 11.0% at 120 and 180 days respectively as compared to C2#

In T2 plants foliar sulphur content was observed close 

to C2 plants. At 180 days it was slightly (4.1%) less than 

C2 plants. (Fig.3.6.4B).

' o ^.

3. 3. 2. ' MANILKARA HEXANPRA (ROXB.) EUBARD. (RAYAN)

3.3.2. 1. Effect of sulphur dioxide

(i) Effect on foliage : In rayan, no visible symptoms were 

observed in the leaves of S02 exposed plants, upto 6o ppmh 

accumulative S02 exposure.

(ii) Effect on chlorophyll a : In C2 plants, at 30 days 

it was slightly (2.6%) less than C^. At 120 and 180 days 

chlorophyll a content decreased by 15.8% and 26.5% as 

compared to C1 respectively.

In T1 plants, the chlorophyll a content was less affected
M 1

after exposing to 10 ppmh accumulative S02 dose, but with
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subsequent exposures it gradually decreased. It was 14.6% and 

23.5% less than at 120 and 180 days respectively.

In T2 plants initial increase (4.1%) recorded at 30 days, 

but at 60 days chlorophyll a was slightly less than C,j. At 

120 and 180 days it was 13.8% and 27.3% less than C1 

respectively. (Fig.3.7.1.).

(iii) Effect on chlorophyll b : In C2 saplings, the content 

of chlorophyll b pigment also declined gradually with increa

sing SOg exposures. At 60, 120 and 180 days# it was reduced by 

4.2%, 13.8% and 27.3% as compared to respectively.

In plants, chlorophyll b level was more or less close 

to C1 at 30 and 6o days. At 1-20 and 180 days it was 14.1% and 

24.5% less than C1 respectively.

At 30 days, slight increase in chlorophyll b content 
(3.8%) over was observed in T^, but it decreased with 

subsequent exposures. At 120 and 180 days, it was 12.4% and 
12. S% less-than respectively. (Fig.3.7.1.).

(iv) Effect on carotenoids : In C2 plants it decreased 

by 9.4%, 18.4% and 29.0% at 60, 120 and 180 days as compared 

to respectively.

In Tj, carotenoid pigments were less affected even after 
exposing to 20 ppmh“1 accumulative S02 dose. At 120 and 180 

days it was 11.4% and 21.4% less than respectively.



® Effect of SO^ fumigation on photo synthetic 
pigments of Manilkara hexandra Dubard. (rayan)

C1 : Neither exposed to S02 nor treated 
with ascorbic acid (AA)

a, : Exposed to SO, but not treated with AA

T.j s Exposed to S02 and treated with 
10 jumol es of AA

T2 i Exposed to S02 and treated with 
100 paoles of AA
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In T^, at 30 days the carotenoids content was slightly 

higher (3.1$) than and at 6o days it was very close to 

Cy At 120 and 180 days it was 9.3% and 11.3% reduced as 
compared to respectively. (Fig.3.7.1.)*

(v) Effect on ascorbic acid : Reduction in foliar 

ascorbic acid was observed in C2 plants due to S02 exposure.

At 90 and 180 days, ascorbic acid recorded in C2 was 12.8% 

and 29.0% less than C^.

' In T.j plants, ascorbic acid content exhibited decreasing 

trend with increasing S02 exposures. At 60, 120 and 180 days 

the percentage reduction was 8.1%, 19.3% and 26.1% as compared 

to C,j respectively.

In T2, ascorbic acid content was close to C1 at 30 days, 

but in subsequent exposures it showed decreasing trend. At 120 

and 180 days, the percentage reduction was 12.1 and 16.3 

as compared to Oj respectively. (Fig.3.7.2.).

(vi) Effect on foliar protein : In C , protein content2 _ -t
decreased 5.1% than &j aft®: exposing to 10 ppmh accumulative 

S02 dose. At 120 and 180 days it was 13.9% and 24.5% less 

than C.j respectively.

In T,j plants at 60 days protein content was reduced by 

7.4%, Maximum percentage reduction (17.3%) was recorded at 

150 days, whereas at 180 days it was 16.9% as compared to C^.



Fig. 0.7.2. Effect of S02 fumigation on foliar ascorbic 
acid content of Manilkara hexandra Dubard. 
(rayan)

C.j : Neither exposed to S02 nor treated 
with ascorbic acid (AA)

C2 i Exposed to S02 but not treated with AA

T.j ; Exposed to S02 and treated with 
10 jumoles of AA

T2 $ Exposed to S02 and treated with 
100 jumoles of AA.

(Vertical bars represent standard 
deviation)
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Fi£ji.'3*7*3* Effect of SC>2 fumigation on (A) foliar
protein and (B) total free aminoacid content 
of Man&lkara hexandra Dubard, (rayan)

0, ! Neither exposed to S02 nor treated 
with ascorbic acid (AA)

C2 t Exposed to SO2 but not treated with AA

Ij s Exposed to S02 and treated with 
10 /jmoles of AA

T2 : Exposed to SO and treated with 
100 jumoles of AA

(Vertical bars represent standard 
deviation)
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In T2 plants, the foliar protein content was less affected 
with 10 ppmh""1 SO,, exposure. At 60, 120 and 180 days protein 

content was 6.5%, 11.3% and 10.3% dess than respectively.

(Fig.3.7.3. A.).

(vii) Effect on total free aminoacids ; S02 exposure 

increased the total free aminoacids in the foliar tissues of 

C2 plants. At 60, 120 and 180 days it was 8.3%, 28.5% and 

52. 5% higher than resp ectively.

In also, the total free aminoacids showed increasing 

trend with increasing S©2 exposures. The percentage increase 

was 9.1, 23.5 and 45.2 as compared to C1 at 60, 120 and 180 

days respectively.

In T2, it was very close to at 30 days, but it 

accumulated more than with further exposures. At 120 and 

180 days free aminoacid content was 18.1% and 33.1% higher 

than Cr (Fig.3.7.3B).

(viii) Effect on total soluble sugars : In C2 plants it 

reduced sharply with increasing S02 exposures. At 60, 120 and 

180 days the percentage reduction was 5.6, 14.5 and 27.4 as 

compared to respectively.

In T^ plants, soluble sugars were reduced by 4.3%, 13.5% 

and 26.8% at 60, 120 and 180 days respectively when compared 

to Cr
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In Tg, at 30 days slight increase over was recorded 

in soluble sugar content. In subsequent exposures it reduced 

significantly. At 120, 150 and 180 days the percentage 

reduction was 10.5, 14.4 and 12.1 as compared to 

respectively. (Fig.3,7.4A.).

(ix) Effect on foliar sulphur : Increase in foliar sulphur 

content in S02 exposed plants was proportionate to the 

increasing number of exposures. In C2 plants, it increased by 

6.5%, 21.9% and 39.2% over C1 at 60, 120 and 180 days 

respectively.

In T1 plants, at 6'0, 120 and 180 days the foliar sulphur 

content was 7.2%, 19.4% and 35.7% higher than C^ respectively.

In Tg plants, the percentage increase in sulphur 

accumulation was 5.9 ., 15.1 and 20.6 respectively at 6o, 120 

and 180 days. (Fig.3.7.4B.).

3.3. 2. 2. Amelioration of S02 effect by ascorbic acid 

treatments :

In rayan, 100 paoles ascorbic acid treatment (T2) showed 

significant mitigating effect than 10 pnoles ascorbic acid 
treatment (T^).

(i) Effect on chlorophyll a : In T1 plants chlorophyll a 

content was slightly higher (2.42%, 4.6% and 4.1%) at 6o, 120 

and 180 days than C2 plants.



Fig«3,7*4. Effect of S02 fumigation on (A) total soluble 
sugars and (B) sulphur content of Manilkara 
hexandra Dubard. (rayan)

C, i Neither exposed to S02 nor treated 
with ascorbic acid (AA)

C2 i Exposed to S02 but not treated with AA

T,j i Exposed to S02 and treated with 
10 jumoles of AA

T2 s Exposed to S02 and treated with 
100 jumoles of AA.

(Vertical bars represent standard 
deviation)
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In T2, 7.39% increase over C2 was observed at 30 days.

At 150 and 180 days, chlorophyll a content was 14.4% and 19.2% 

higher than C2 respectively, (Fig.3.7.1. )♦

(ii) Effect on chlorophyll b : In at 30 days slight 

increase (3.69%) over C2 was noticed, but at 120 and 150 days 

chlorophyll b level was very close to C2. At 180 days it was 

slightly higher (3.9%) than C2.

In Tg plants, 6.24% increase over C2 was observed at 

30 days. At 150 and 180 days chlorophyll b content was 

significantly higher (14.5% and 20.8% respectively) than 

C2 plants.. (Fig.3.7.1.).

(iii) Effect on carotenoid pigments : At 30 days, it was 

4.4% higher than C2 in plants, but it was close to C2 at 

120 days. At 180 days carotenoids content was slightly higher 

(3.8%) than

In T2, the carotenoids content recorded at 6o, 120 and 180 

days was 5.46%, 4.05% and 17.2% higher than C2 respectively. 

(Fig.3.7.1.).

(iv) Effect on foliar ascorbic acid ; In plants ascorbic 

acid content was observed more or less close to C2 plants. At 

180 days, it was 4.1% higher than C2 plants.

In T2, ascorbic acid content was always recorded higher
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than C2. At 60, 120 and 180 days, it was 7.84%, 7.72% and 

17.9% higher than c2 ^respectively. (Fig.3.7.2,).

(v) Effect on foliar protein : In protein content

was close to C2 up to 90 days. Amelioration effect was
/

significantly reflected at 180 days, i. e. it was 10.1# higher 

than C2 in plants.

In T2, protein content was recorded higher than C2. At 

30 days it was 6.75% higher than C2> At 120 and 180 days the 

percentage increase was 11.04 and 18.8 respectively.

(Fig .3.7.3A.).

(vi) Effect on total free aminoacids : In T,j plants total 

free aminoacid content was close to C2 upto 60 days. The 

accumulation of free aminoacids slightly decreased (3.89% and 

4.8% respectively) at 120 and 180 days as compared to C2#

In T2, the accumulation of free aminoacids decreased by 

3.79%, 7.78% and 12.7% at 60, 120 and 180 days as compared to 

C2 respectively. (Fig.3.7.3B.).

(vii) Effect on total soluble sugars : In plants, the 

soluble sugar content was recorded always close to C2 plants.

In T2, soluble sugar content was higher than Ch,. At 90, 

150 and 180 days, the percentage increase over C2 was 5.02, 

9.88 and 21.1 respectively. (Fig.3.7.4A.).
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(viii) Effect on foliar sulphur : In plants the

sulphur accumulation was very close to C2 upto 90 days. At 

120 and 180 days it was slightly less than Cg.

In Tg plants, sulphur accumulation was reduced by 4.63%, 

8.28$ and 13.36$ at 90, 150 and 180 days as compared to C2 

respectively. (Fig.3.7.4B»).

3.3.3. SYZYGIUM CUMINI SKEELS (JAMUN)

3.3.3.1. Effect of sulphur dioxide

(i) Effect on foliage : In jamun, no visible symptoms were
— 1observed upto 60 ppmh” of accumulative SO^ exposure.

(ii) Effect on chlorophyll a : The chlorophyll a pigment 

gradually decreased in the C2 plants with increasing number of 

S02 exposures. At 60, ,120 and 180 days, it was reduced by 6.6$, 

13.3$ and 23.7$ as compared to C1 respectively.

In T1 plants, reduction in chlorophyll a was 7.1$, 12.4$ 

and 23.7$ at 60, 120 and 180 days as compared to respectively.

In T2 plants, initial increase in chlorophyll a content 

(3.3$) was noticed at 30 days, but in subsequent exposures it 

decreased, as compared to C^. At 120 and 180 days, the reduction 

was 8.26$ and 11.4$ respectively. (Fig.3.8.1.).



Fig..<3*8*1* Effect of S02 fumigation on photosynthetic 
pigments of Syzyqium cumini SkeeXs (jamun)

: Neither exposed to S02 nor treated 
with ascorbic acid (AA)

C2 : Exposed to S02 but not treated with AA

s’ Exposed to S02 and treated with 
10 jumoles of AA

T2 : Exposed to S02 and treated with 
100 jumoles of AA
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(iii) Effect on chlorophyll b ; At 60, 120 and. 180 days, 

chlorophyll b content in C2 plants was 5.1 %, 13.9% and 30.9% 

less than C^.

In T^ plants, chlorophyll b content was reduced by 6.6%, 

11.4% and 20.7% as compared to C,j at 60, 120 and 180 days 

respectively.

In T2, slight increase (3.7%) over was recorded at 30 

days, but it declined with further exposures. Maximum reduction 

(11.5%) recorded at 180 days. (Fig3.8.1.).

(iv) Effect on carotenoids : This pigment was comparatively

less affected by S02 exposures in C2 plants. After, exposure of 
120 ppmh accumulative S02 dose, it decreased 3. 1% in C2 

plants as compared to C^. At 120 and 180 days it was 12.1% 

and 18.04% less than C1 respectively. (Fig.3.8.1.).

In T1 plants, percentage reduction in carotenoids was 

3.0, 9.4 and 16.1 at 60, 120 and 180 days as compared to 

respectively.

In T2 plants, at 30 days, 4.8% increase over was 

recorded and at 6o days it was close to The carotenoids 

level declined by 6.1% and 9.1% at 120 and 180 days 

respectively. (Fig.3.8.1.).

(v) Effect on ascorbic acid : S02 exposures decreased 

the ascorbic acid level in C2 plants. It decreased 7.2$, 17.7%



Fig.3.8i*2* Effect of S02 fumigation on foliar ascorbic
acid content of L'Svzyqium cumini Sfceels (jamun)

t

s Neither exposed to S02 nor treated 
with ascorbic acid (AA)

C2 $ Exposed to S02 but toot treated with AA

Tj i Exposed to S02 and treated with 
10 fJimoles of AA

T2 : Exposed to S02 and treated with 
100 jumoles ©f AA

(Vertical bars represent standard 
deviation)
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and 29.3% in plants, after exposing to 20 , 40 and 60 ppmh“ 

accumulative SO^-dose respectively.

Increase in ascorbic acid was (4.0%) recorded at 30 days 

in plants, but it sharply decreased with subsequent 

exposures. At 60, 120 and 180 days it was 6.9%, 15.0% and 

26,6% less than respectively.

In T2, at 30 days 5. 2% increase over C1 was recorded 

and at 6o days ascorbic acid content was close to C.j. At 

12) and 180 days, the reduction was 9.37% and 13.1% as 

compared to respectively. (Fig.3.8.2.).

(vi) Effect on foliar protein : Foliar protein content 

decreased sharply with increasing S02 exposures in Cg plants. 

At 60, 120 and 180 days the percentage reduction was 8.0, 

20.16 and 27.6 respectively.

In T, also degradation of protein due to SO., exposure 

was evident. The percentage reduction was 7.9%, 21.3 and ,

22.9 at 6o, 120 and 180 days respectively.

In T2, slight increase in foliar protein (3.0%) was 

noticed at 30 days, but due to the increase in S02 exposures 

it-decreased gradually. Maximum percentage reduction (13.7%) 

was recorded at 150 days, whereas at 180 days it was 12.76% 

as compared to (Fig.3.8.3.A.).



(vii) Effect on total free aminoacids : Significant 

increase in free aminoacid content was recorded in C2 due to 

S02 exposures. At 60, 120 and 180 days the accumulation was 

11.0%, 23.4% and 42. 5% higher than C,j plants respectively.

In T,j plants, the total free aminoacids increased 10.7%, 

26.2% and 38.9% over at 6o, 120 and 180 days respectively.

In T2> the percentage increase in free aminoacid content 

at 60, 120 and 180 days was 7.5, 18.4 and 24.2 respectively. 

(Fig.3.8.3B.).

(viii) Effect on total soluble sugars : At 30 days, 

there was not much change in soluble sugar content in C2 

plants as compared to C^, but it decreased with further SO,,- 

exposures. 11.3% and 22. 17% reduction was recorded in C2 at 

120 and 180 days respectively.

In T1 plants, at 30 days soluble sugars slightly 

increased over C^, but it showed decreasing trend due to 

further exposures. At 90, 150 and 180 days it was 8.5%, 16.5% 

and 18.8% less than C1 respectively.

In T2, shLuble sugar content was less affected upto 60 

days. At 120 and 180 days it was 8.7% and 7.4% less than 

respectively. (Fig3.8.4A.).



Frg.*3*8»3* Effect of S02 fumigation on (A) foliar
protein and (B) total free aminoacid content 
of Svzvaium cumini Skeels (jamun)

/

C,j i Neither exposed to S02 nor treated 
with ascorbic acid (M)

C2 : Exposed to S02 but not treated with AA

T.j : Exposed to S02 and treated with 
10 jumoles of AA

T2 s Exposed to S02 and treated with 
100 jumoles af AA.

(Vertical bars represaat standard 
deviation)
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Ftg«3*8*4. Effect of S02 fumigation on (A) toial solubl 
sugars and (B) sulphur content of Svzyqium 
cumini Skeels (jamun)

C| : Neither exposed to SC>2 nor treated 
with ascorbic acid (AA)

C2 i Exposed to S02 but not treated withAA

: Exposed to S02 and treated with 
10 jimoles of AA

T2 * Exposed to S02 and treated with 
100 jumoles of AA,

(Vertical bars represent standard 
deviation)



m
g /

g.
d.

w
t. 

m
g/

g.
d.

w
t.

Fig. 3.8.4.

DAYS



202

(ix) Effect on sulphur content ; Foliar sulphur content 

increased, in C2 plants with increasing number of S02 

exposures. At 120 and 180 days, sulphur content in C2 was 

19.0% and 34. 5% higher than C.j respectively.

In T^j, it was close to at 30 days. The sulphur 

accumulation increased by 11.1%, 23.9% and 30.3% over at 

90, 150 and 180 days respectively.

In T? plants, foliar sulphur content was 7.6%, 14.5% and
3-

18.7% over at 90, 150 and 180 days respectively. (Fig.8.4.B.).

3.3.3. 2. Amelioration of SO^ effect by ascorbic acid 

treatments :

In jamun, SO^ effect was mitigated more by 100 pmoles 

ascorbic acid concentration (T2) than 10 ^umoles treatment (T^).

(i) Effect on chlorophyll a :In plants chlorophyll a 

content was recorded more or less close to C2 upto 90 days.

At 150 and 180 days it was slightly higher (2.6% and 3.4% 

respectively) than C2#

In T2, chlorophyll a content recorded was always higher 

than C2 at all the ages. At 6o, 120 and 180 days it was 4.9%, 

5.8% and 16.0% more than C2 respectively. (Fig.3.8.1.).
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(ii) Effect on chlorophyll b : In T^, this pignent also 

exhibited similar trend as chlorophyll a. At 120 and 180 days. 

it showed slight increase (2.9% and 2.4% respectively) over C2.

In T2, it increased by 3.2%, 8.8% and 11.8% over C2 at 

60, 120 and 180 days respectively. (Fig.3,8.1.).

(iii) Effect on carotenoids : In plants, it was very 

close to C2 plants upto So days. At 120 and 180 days the 

carotenoids content were recorded slightly higher than 

(3.6%, 2.4% respectively) C2 plants.

In plants it was 7.3% higher than C2 at 30 days, 

whereas at 120 and 180 days the percentage increase was 

6.8 and 10.9 respectively. (Fig«3.8.1.).

(iv) Effect on ascorbic acid : In plants, 7.9% 

increase over C2 was noticed at 30 days, whereas at 120 and 

180 days it was 3.2% and 3.8% respectively.

In T2, ascorbic acid content recorded was always higher 

than C2. At 60, 120 and 180 days the percentage increase over 

C2 was 6.4, 10.2 and 22.9 respectively. (Fig.3.8.2.).

(v) Effect on protein : In T1 plants protein content 

recorded was more or less close to C2 plants upto 120 days.

At 150 and 180 days it was 3.0%, and 6.5% higher than C2 

respectively.
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In Tg plants, foliar protein content increased by 5.6$, 

10.5% and 21.1% over C2 at 6o',‘ 120 and 180 days respectively. 

(Fig.3.8.3A.).

(vi) Effect on total free amlnoacjds ; In plants, the 

accumulation of free aminoacids was observed close to C2 

plants. At 120 and 180 days it was slightly less (2.9% and

2. 5% respectively) than C2#

In T2 plants, mitigating effect was reflected by 

decreased accumulation of free aminoacids. At 120, 150 and 

180 days the percentage reduction in free amino acid content 

was 4.1, 6.0 and 12.8 respectively than C2. ( Fig.3.8.35.).

(vii) Effect on total soluble sugars : In T^, soluble sugar 

content increased by 5.2% and 4,3% at 30 and 6o days 

respectively, but at 120 days it was close to C2. At 180 days, 

it was 4. 24% higher than C2.

In T2, at 30 days it increased by 5.0% over C2. At 90,

150 and 180 days, the percentage increase was 3.4, 11.5 and 

18.9 respectively. (Fig.3.8.4A.).

(viii) Effect on sulphur : In plants foliar sulphur 

content recorded was more or less close to the C2 plants upto 

120 days. It decreased slightly (2.3% and 3.1% respectively), 

at 150 and 180 days as compared to C2.
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In plants, accumulation of sulphur was close to 

upto 60 days. At 120 and 180 days it decraused by 7.5% and 

11.8% respectively. (FigJ.8.4B.).


