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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 0.5 Km from source :

Careful 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 pterygospema, giﬁheceliobium

dulée etc., were often defoliated completely due to acute

pollution exposures. Canopy of Lawsonia inermis, Streblus

asper, Zizyphus jﬁjdbé etc., was often distorted beyond

recognization, 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),



Fige3.3.1 Air pollution damage on vegetation

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

Bse A closer view of Mangifera indica L.
(mango) leaves showing further details
of the symptom







Fige3.3.2,Air pollution damage on vegetation
A. Manilkara hexandra Dubard. (rayan)

leaves showing necrosis

Bs Syzygium cumini Skeels {jamun) leaves
tip buriviig symptoms






Fige 343:3.Air pollution damage on vegetation

~

A. Pithecellobium dulce Bthe leaves
showing mecrotic symptoms

Be Kirganelia reticulata Bail leaves
showing chlorotic and necrotic symptoms

i






'Fige3,3,4, Alx pollution damage on vegetation

A, Zizyphus jujuns Lam. leaves showing
sévere necrosis

Bs Eucalyptus leaves showing necrotic symptoms

C. Diospyros_coxdifolia Roxb, 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 viridis, A. spinosus, Sida grewigcides,

Cassia tora etcs. 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, Gomphrena

celosioides etc. (Table 9).

3e¢lele2. 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 religiosa, Syzygium cumini, Lantana camara etc..

Tree species like Mangifera indica, Acacia nilotica sub sp.

indica, Pithecelobium dulce, Moringa pterygosperma etcs
exhibited severe damage « Chlorotic symptoms were observed

in the leaves of Ficus benghalensis, Manilkara hexandra,

Tamarindus indica, Kirganelia reticulata etc. (Table 8).

Except some prostrate herbs like Evelvulus alsingides,

Gomphrena celosidides, Portulaca guadrifida, Boerhavia

diffusa etc., all other species exhibited foliar symptoms
(Table 8 ). Tip burning was the ¢ ommon symptoms in herbs

like Achyranthes aspera, Amaranthus spinosus, Corchorus

capsularis, Cocculus villosus, Desmodium triflorum,

Gvnandropsis pentaphylla, Peristophe bicalyculata etce

(Table 9).
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3+ls1.3+ Response of vegetation at 2.5 Km from the éource;

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 racemosa, Diospyros cordifoclia, Manilkara

hexandra, Pithecellobium dulce etc.. Mangifera indica was

found to be severely damaged even at this distance,
exhibiting marginal burning of leaves and defosliation. No

characteristics symptoms were observed in Terminalia catappa,

Polyalthia longifolia, Ficus benghalensis, Lantana camara

etc. (Table 8).

The number of herbaceous species without visible
symptoms as well as specles diversity increased significantly

at this distance. The plants like Abutileon indicum, Amaranthus

viridis, A. polygamus, Cassia occidentalis, C. tora,

Gynandropsis pentaphylla, Sida grewiocides, Vernonia cinerea

etc., exhibited foliar necrotic tips. No characteristic

symptoms were noticed in Aeschynomene indica, Achyranthes

aspera, Anisomeles ovata, Boerhavia diffusa, Be repanda,

Calotropis procera, Desmodium triflorum, Eclipta prostrata,

Indigofera enneaphylla, Mollugo gppositifelia, M. hirta,

Peristrophe bicalyculata etc.. (Table 9).




3,1.2, STUDY ON TREES GROWING ALONG THE NATIONAL
HIGHWAY NO., 8 : A GRADIENT ANALYSIS

Dal bergia sissoo Roxb, was recorded in all the seven
sectors under investigation. Syzygium curﬁini’ 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 fran B to G, The maximum percentage of trees (36) in
sector 1 were representing the class G (above 10 mts) whereas
in sectof 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 failing
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; Fig..9.1.).

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 (28%) and class B‘(B%). In sector 6 and
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Gradient study on trees growing along the National Highway No. 8

Effect on height of the trees (Mts.)

Table 11. Dalbergia sissco Roxbe

TR 4 4 O S S WY S ) S G U 0 B B e e ) B s o YO S e WY W G o R e S e S R S G G W R S S (T B S U B G o 900 (B A e P e et

Number of trees recorded under class

SECTOR

A B c D E F G

(Below ( 5 to (6 to ( 7 to (8 te ( 9to (Above

5) 6) 7) 3) 9) 10) 10)
1 - 20 27 14 17 5 47
2 - 8 19 6 45 S 10
3 22 27 6 10 46 - -
4 5 Lod L - b Lad L
5 17 8 6 - - - -
6 - 2 - 19 18 - -
7 - - 5 2 15 8 -

- - - - " {——_-_. 2]~ " o o o {4 Y A 1" T S D U M P s - s - A B QD S B P B Y G St S et P G G M W W e o 404 e e

U T - " - W 1o T o > " o ]~ ] -~ - " A o 3. - - - [ ho> Yo - - - - o - ;- - - ——"_—- - W - - - -

Number of trees recorded under class

SECTCR
A B C D E F
(Below 6) ( 6 to 7) (7 to 8) (8 to 9)(9 to lO)(AboXe
10
4 2 6 13 12 - -
S - 1 5 12 - -
6 - - - - 5 9
7 - - - - 2 16

" (e ] o QS U - g S " W S . D o R I ot SO S B G BTSN AR N SN Y S e S G e W0 TS O B e VS WS WY S G RN S U S G M B S T S S0 P T e Buot e e
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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.l.9.2.).

3.1.2.2. Effect on circumference of trunk at breast

height (CBH

3.142,2,1. 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 trées, whereas class B and C were represented by
14% and 25% of trees respectively, In sector 3, trees
represented classes from A to E, maximum percentage of trees
(31%) 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 féllowed by class A (22%) and class C (11%).
Increasing pattem of CBH was observed in sector 6 and 7.

In sector 6, trees represented 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%, remaining trees were falling under class C (18%)

and F (15%). (Table 13; Fig.k.9.2.).
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Effect on circumference at breast height of the trunk (Cms.)

Table 13. Dalbergia sissco Roexb.

—
I S s i s G T B G S B et et R W B B T B G W W b S G o P o e o YR M O R B G s SRV W T P S W W S S et S S S . B e

Number of trees recorded under class

SECTOR

A B cC D E F

(Below (30 to (45 to (60 to (75 te (Above

30) 45) 60) 75) 20} 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
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SECTOR Number of trees recorded under class

A B Cc 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,- 8, cumini : In 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 élass E (33%),

C (17%) and D (11%). (Table 14; Fig.49.2.).

3.1.2.3., Effect on tree canopy cover

3.1.2.3. 1. D. sissoo : In sector 1, class G (above 50 m2)
was represented by 5é% of the 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 were under class A

and reméining 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 (28%) and E (9%).(Table 15;
Fig.9.1.).



Effect on tree canopy cever (m?)

Table 15+ Dalbergia sissoo Roxb-
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Number of trees recorded under class

SECTOR

A B Cc D " E F G

(Below (15 te (20 to (25 to (30 to (35 to (Above

15) 20) 25) °  30) 35) 50) 50)
1 - 23 25 - - 14 68
2 - 23 1l 25 16 32 -
3 23 29 23 13 23 - -
4 3 2 - - - - -
5 12 9 7 3 - - -
6 - 6 3 14 16 - -
7 - - - 8 3 9 11
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Number of trees recorded under class

SECTOR
0 A B C D E F G
(Below (30 to (75 to (100 to (125 to (150 to (Above
50) 75) 100) 125) 150) 175) 175)
4 6 4 12 7 5 - -
5 - - 6 2 6 3 2
7 - - - - 2 2 14
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3.1.2.3. 2. 8. cumini : Canopy of Syzygium 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.L9.2.).

3. 1.2. 4, Effect on defdliation

The percentage leaflessness was very high 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, 28 and

29% respectively (Fig.3.4.1.).

3.1.2.5. Effect on density

The quadrate study on Q. sisééo revealed the mean
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density value per quadrat. ( 30 x 8 mts) decreased
drastically in sector 4. In sectors 1, 2 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

37, 20-3 and 25.7 respectively (Fig.34.l.).

The percentage of trees surviving was calculated by
comparing with the number of trees planted initially
(ebtained from the Forest Department). In secters 1, 2 and
3 it was 27 +9%, 23 .0% and 28.1% was recorded. In sectors 4
and 5 it was only 0.7% and 5o7% 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+1.3.1e Effect of industrial air pollution on Mangifera

indica L. (mango)

3e¢le3.1.1¢ Effect on morphological parameters: (Table 17)

(i) Height of the trees Tree height was highly affected

at Angadh, where 37.3% reduction was recorded as compared
to controle At other stations like *Bajwa, Ranocli, Dhanora,
Sankarda and Chhani 13 to 19% reduction was observed. The
tree height recorded at Undera and Ankodia was 9% less

than control trees. (Fige4lOele)

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

damaged at high pollution zones like Angadh, Bajwa and
Ranoli (35 to 42%) 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 (6.2%)
control (Fig.4.10.1.).

(iii) Effect on fol_._fgé_gé (mean leaf area, and leaf area
damageci) : Maximum reduction (38.4%) in leaf area was recorded
at Bajwa. Among the other stations, 25 to 35% reduction in
leaf area was observed at Angadh, Koyali, Dhanora and Ranoli.
At Chhani, Senkarda and Undera 13 to 20% reduction in leaf
area was registered, whereas at remaining stations it was

more or less close to comtrol. (Fig.}.10.2).

The photosynthetic leaf area was highly reduced by
severe chlorosis and necrosis in the pollution zone., The
percentage leaf area damage: was very high (35 to 45%) at
highly polluted stations like Angadh, Ranoli, Bajwa and
Dhanora, In medium polluted stations like Koyali, Sankarda,
Ankodia, Undera, Chhani and Dumad 10 to 30% of leaf area was
damaged, At Ampad, no visible foliar damage was observed.

(Fig.10.2.).

(iv) Effect on defoliation : Trees growing at Angadh
exhibited maximum defoliation (51.3%) and at other high
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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.).

3,103,142, Effect on fruit vield ¢ 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 f}owering, 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 flowering was observed at Bajwa
(48%). At stations like Angadh, Ranoli, Dhanora and Koyali
40 to 45% reduction in flowering was recorded. At all the
remaining stations except Ampad, the reduction was 20 to

30%. Flowering was least affected at Ampad. ('Fig.4.10.3.).

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, Ranoli, Lhanora 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..10.3.).
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3.1.3.1.3. Effect on biochemical parameters : (Table 18).

(1) 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, Dhanora
and Sankarda. At all remaining stations except ampad,
chlorophyll a content decreased 14 to 29%, whereas at Ampad,
the reduction was 10, 1%. (Fig.,.10.4.).

Chlorophyll b pigment also exhibited more or less
similar trend of damage pattem., 49 to 53% reduction was
observed in trees growing at Angadh, Ranoli and Bajwa. At
stations like Dhanora, 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.).

(i1) Effect on foliar protein content : Degradation of

protein molecules by air pollutants resulted in its
decreased concentration, The pe}centage 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 sui’gﬁﬁur content : Very high
accumulation of sulphur in foliar tissues over controcl 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, Af 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 remaihing 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.10.6.).

(v) Effect on total soluble and rédu‘ci)ng‘ sug’az; content :
It was observed in the present study, that in the foliar

tissues of mango trees growing in pollution zone, the
solubtle sugar content declined whereas reducing sugar

highly increased as compared to control,

At highly polluted stations like Bajwa, Angadh, Ranoli

and Dhanora 33 to 44% reduction in total soluble sugar was



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

Contml. (Fig0401o. 50).

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 stationg except Ampad, the level
of reducing sugars was 22 to 40% higher than control, At
Ampad, it was very close to control plants, (Fig..10.5.).

Be1e3e2, Effecf of industrial air Eoilutiori on ManiAlkar;a'
hexandra (Roxb, ) Dubard, (Mraz-an)

3,13, 2. 1. Effect on morphological parameters : (Table 19)

(1) Effect on tree he'i‘g'ht ¢ At high pollution zones
like Bajwa, Angadh, Dhanora, Ranoli aﬁd 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‘heigh‘t was more

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

(ii) Effect on tree ‘ca‘n'opAz cover : Tree canopy was

severely damaged at higher pollution zone., 40 to 57% reduction

in tree canopy was observed at Angadh, Bajwa, Dhanora and



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.£.10.1.).

(iii) Bffect 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 1ike 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.,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 Dhanora. 10 to 15%
reduction was noticgd at Ranoli, Bajwa, Sankarda, Koyali
and Dumad. At the remaining stations insignificant effect

on the flowering was noticed. (Fig./.10.3.).

The fruit yield was highly affected at Angadh, Bajwa
and Ranoli, where 40 to 50% reduction was recorded, Among
the other stations 25 to 35% reduction was regist{ered at
Dhanora, 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)

chlorophyll a pigment was recorded at Bajwa, where it
decreased 31.6% as compared to control. 24 to 20% reduction
in chlorophyll a was noticed at Angadh, Ranoli and Koyali.
At Dhanora, 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.5.10.4.).

Chlorophyll b pigment also exhibited similar trend of
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damage, 22 to 30% reduction was registered at Angadh, Bajm;a,
Ranoli and Koyali. 12 to 22% reduction was observed at
Dhanora, Sankarda and Dumad, At remaining 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
fmpad, 12 to 21% reduction was observed, whereas at Ampad

it was only 9%. (Fig.4.10.5.).

(iii) Effect on foliar sulghuf content : Sulphur content
increased over control in the foliar tissues at the pollution

zone, Very high accumu:l:ation d:f sulphur over control was
recorded at Bajwa (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, whereaé at stations like Bajwa, Sankarda, L[hanora
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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..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 sugarsexhibited increasing trend at pollution zone

over control,

Soluble sugars reduced highly (44.9%) at Angadh and at
other highly polluted stations like Bajwa, Dha&nora and Ranoli
the reduction ranged from 28 to 33%. Among the medium polluted
stations, at Sankarda, Koyali and Chhani the soiuble sugars
decreased 30,3%, 25.5% and 10.7% respectively as compared to
control., At all remaining stations the soluble sugar content

was close to control. (Fig.4.10.5 ).

The reducing sugars increased tremendously in the
leaves of rayan growing at poilu'bion 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 11.4% higher than control. (Fig.4.10.5.).
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3.1. 3.3, Effect of industriel 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 : The height of the

trees recorded at Angadh, Ranoli and Bajwa was 18 to 29%
less than control trees. The tree height recorded at Chhani,
Dhanora, 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 Jjamun

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. (Figs.10.1.).

(iii) Effect on foliage (mean leaf area and leaf area
demaged) : The mean leaf area of jamx;m 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 remaining stations {:he mean leaf area

was more or less close to control. (Fig..10.2.).
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Visible 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

stations no significant foliar damage was observed. (Fig.éo.z.).

(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,
trees were not exhibiting significant defoliation.(Figﬁio.z.).

3.1.3.3.2, Effect on fruit vield :

Flowering of jamun was more affected at high pollution
zones. 10 to 30%¥ reducticn 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 pelluted stations, at Koyali,
Sankarda and Chhani 15 to 25% reduction was noticed.At the
remaining stations fruit production was close to contrel,

(Fig.l10.3. ).
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3.1.3.3.3., Effect on biochemical parameters : (Table 22)

(i) Effect on 'chloﬂr@h‘z‘l‘l' ;g(iggeﬂnfs : 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 remaininé
stations chlorophyll a level was more or less close to

control., (Fig..10,4,),

Similar trend of damage was observed in chlorophyll b
plgment content. High reduction was observed at Angadh
(44.9%) and Ranoli (35.7%) as compdared to control. At Bajwa,
Koyali and Dhangra 14 to 30% reduction was recorded. At the
remaining stations except Ampad, the chlorophyll b content
was very close to control, At smpad it was slightly higher
than (7.1%) control. (Fig.,.10.4.,).

(i) _E_:;‘fect on_foliar protein content : It decreased

in jamun at polluted zones, as compared to centrol. 27 to
L4% 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.,.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 Bajwa (2.93), Koyali (2.2 times)
and at other stations like Dumad, Dhanora, Chhani, Sankarda
and Undera the sulphur accumulation ranged from 1,4 to 1.75
times over control., At Ankodia and Ampad it was 1.28 and

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

(iv) Effect on foliar chloride content : In jamun, 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¢430.6;).

(v) ggfeot on foliar total soluble and reddcing_gugafg :

In jamun, soluble sugar content declined in the pollution
zone as compared to control whereas the reducing sugars

accumulated higher in the foliar tissues over control,

Maximum reduction (40.7%) in soluble sugar content was
registered at Ranoli followed by Angadh (35.7%) and 16 to
25% reduction was recorded at Bajwa, Koyali and Sankarda,

At remaining stations except Ampad, the reduction in soluble
sugars varied from 5 to 13% whereas it was very close to

contrcl at Ampad. (Fig.}.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,
(Fig.4.10.5.).

3. 1.3, 4, SOIL STUDY AT DIFFERENT OBSERVATION ZONES : (Table 23)

(1) Soil EH and Conductivi:bx ¢ The soil pH recorded at

Angadh, and Dhanora was 5.85 and 6.96 respecj:ively, vhereas
" soil pH at control site was 7.60, At the remaining stations
except Ranoli, soil pH ranged fr;axri 7.0 to 7.65, at Ranoli
it was 7.92,

Electrical conductivity of .soil was more at Ranoli
(0. 565 mS) followed by Chhani (0,416 mS), Bajwa (0.398 m3),
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.

(1i) 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 statior}s 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 éontent
recorded at Ranoli, Dhanora 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 Dhanora 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, LEAF ANATOMICAL SIUDY

Significant variations were observed in epidemmal
characters between the leaf samples collected from polluted

and least polluted region.
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3.1.3.5.1. Impact of air pollution on foliar epidemal

traits of Mangifera indica L. (mango)

Stomatal frequency and stomatal index decreased at
polluted stations as compared to control, The percentage
reduction in stomatal frequency was more at Ranoli (41.4%)
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 stanatal 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 Bajwa (3.4
times over control), (Table 24; Fig.35.1.).

3.1.3.5.2, Impact of air pellution 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, tut. slight reduction in
width of the guard cells was noticed. The subsidiary cell
complex exhibited least variationé at polluted zones,

(Table 25; Fig.3.5.1.).

3.1.3.5.3. Impact of air pollution on foliar epidermal
traits of Sizzgium 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 Omkarpura, 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
contrel and poiluted 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 con’ﬁml).
(Table 26; Fig;i5.1.)e

3.1.3.5. 4, Fiﬁdreéc ence ‘s'tud.x :

Fluorescence of chlorophyll was drastically reduced
in mango leaves from pollution zone as compared to control

(Fig.15.2.5; In rayan there was not much difference between



117

polluted and control sﬁecimens in chlorophyll fluorescence
(Fig.35.3.), whereas a moderate reduction was observed in
chlorophyll fluorescence of jamun due to pollution stress
(Fig.3.5.4.). The thic'kness 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.).
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Table 24. Impact of air pollution on epidermal
traits of Mangifera indica L. (mango)

Y B i H P 3 e N G G0 G B HE BT I T G e S TS BT Y QY A e i TR 0SS (P 67T 3 W TV W G G T B G AT B B M P T K P e @ ek W B0 B e 6 BoY e MDY B B G S G e e S

Parameter Bajwa Ranoli  Omkarpura Angadh Universit
(Control

Stomatal o 9737 67472 8l.1l4 72 Q 12413

frequency /0.1 mm” + 5.70 6.+60 580 4.30 9425

Epidermal 344.40 38040 - 361.30 348.50 323.60

cell frequ-2 T 12.80 1210 13.40 1080 8+C0

ency /0.l mm

Stomatal 22.+C4 15.11 18.37 1730 27.72

index

Size of guard

cells (p?

i) length 18430 18430 17.20 16.40 18450
+ 080 0.62 0.46 0.17 0+60

ii) Width 8.04 9.25 9.80 847 10.35
+ 0.17 013 020 0.13 0.07

Stomatal

aperture (pu)

i)} Length 3.14 3.0 2 .40 2.11 3.30
+ 0.0l 0.21 0.03 0.04 0.03

ii) Width 1.C3 054 020 034 l.24
j_‘ 0.0l 003 002 0«CO1 0.0l

Trichome 8415 9.29 1020 13.50 2450

frequegcy/ + 0.04 0.16 0.11 0+08 004

0.1 mm

. T o P W - W O g s Y BT e 0 S B WO G e e M G e e G TR o B S GO T A At B AT G T MU B W R G U T BT B W s S £t B T S e B 2 s

F Standard deviation.
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Table 25. Impact of air pollution on foliar
epidermis of Manilkara hexandra (Roxb.)
Dubard. (rayan)

O s W g G e e X s i W St et T Y Dt G R S UL A e e B T S50 T T G Bk e B e M M e G e S e e W Y I e B g 9 N e W S0 I Mt WO AR e R Y B Y W Y b e A

Parameter Bajwa Ranoli Omkarphra. Angadh University

Stomatal 42.57 41482 38475 40-4 44487

frequency/ + 1.03 1.59 1.60 0.71 1.50

0.1 mm? : .

Epidermal 253.24 351.68  349.35  325.30 214.40

cell frequ-, + 6.10 9.51 - 6.30 4.80 5.11

ency /0.1 mm ’

Stomatal index 14.30 1060 9-90 11.10 17.30

Size of guard

cell { p )

i) Length 24472 24429 23 .40 24.15  25.70

' + 003 0-08 0+07 0.18  0.04

ii)width 8486 10.30 922 8449 1160
+ 0.0l 005 0.Cl 0G4 002

Size of stomatal

aperture ( u )

i) Length 6.27 7.03 750+ 6486 7490
+ 002 0.0l 0.02 0.0l 003

ii) width 1.295 1.08 1.50 1.14 1.62
+ 0001 0.01 003 0005 0.02

- ——— - o S o o " B e (o S W D e N 4R T D GO T e (B AT R A S G 7P T Qe T QR it G ST GO A WY G G B T G A T O Y S B et R [ O G Y e B e e

+ Standard deviation.
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Table 26. Impact of alr pollution on foliar epidermal
traits of Syzygium cumini Skeels (jamun)

Bl G S 30 T TS B e B i e G Sk B R ol AP S e S o R S U R T e S B Y AR B G e S S WD MRS B S U e AR R Sk PV WS 100 VR e PR fat W e Bk W TR B e AW N T W T

Parameter Bajwa Ranoli  Omkarpura Angadh Universit

e e e et e o e e e e e B e e e B e e e e 2 e (Controlg

Stomatal 58 «20 46.21 - 57446 52.40 61.04

freQueacy/ * 340 302 1.40 275 230

O+l mm ‘

Epidermal 136.30 178.48 265 «40 234.10 111.38

cell frequ-, + 356 - 6.+.00 8.80 6.10 3+70

ency /0.1 mm -

Stomatal index 26477 2057 17.80 18+30 35.40

Size of guard

cells (n)

i) Length 2600 23490 22 .50 24.60  27.63
+ 0.0l 0.13 0«07 0-03 0 .02

ii)width 9.10 930 9.70 9+43 1080
T 002 0.06 0.0l 0.01 0+03

Size of stomatal

aperture (u)

i) Length 6.92 5 .80 4.90 5.64  7.63
-+ 002 005 0«07 0«01 0G3

ii)width 1420 0.71 0.875 0469 1455
oy 0.0l 0.0l 0+C03 0007 001

% Deformed

Stomata 6430 12.80 1020 9460 1.10

At o7 " G o (o P G Grun G U S N s P BT e B Ghi e e 20D S WS U T ke e St G A W i Yo e B H B B e Gt e e s K O M D B WY SR G G G S B ot B W Y S B S e

+ Standard deviation.



Figi3s5.1, Leaf

A&B:

C&D

L L

o
(13

b
[ 23

A x 220
E x 910

epidermal study

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

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

A enlarged view of a deformed stomata
of Syzygiun cumini Skeels

A enlarged view of a trichome of
Mangifera indica L. leaf.

L]

Bx 2203 C x 910 ; Dx 910 3

-e

“e

Fx910 3 G x1200 ; H x 512






Fig.3¢5.2+ Fluorescence study on Mangifera indica L.

A &B:

C&D:

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

Induced secondary yellowish fluorescence

- of cuticle (Cu) with neutral red - leaf

from (C). control and (D) pollution

zone shewilng slight increase in cuticular
thickness in the sample D.

Ax 1120 3 B x 1120 3 Cx 448 3 D x 448






Figi3+.5.3. Fluorescence study on Manilkara hexandra Dubard.

A & B s Autofluorescence of chlorophyll pigments
(reddish) - leaf fom (A) control and
(B) pollution zone showing least
differemce 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 slighzt increase in
cuticular thickness in the sample D.

A x 1120 ; B x 1120 ;3 C x 448 ; Dx 448) .






Figy.3.5.4. Fluorescence study on Syzygium cumini Skeels

A & B 3 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 B,

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 3 B x 1120 3 € x 448 3 D x 448






320 FIELD EXPOSURE STUDY

~ The initial readings of different morphological
growth parameters (shoot length, humber 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 impa;ct 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, éotal 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

Duaring monsoon,A winci direction was mostly from south
or south-west with an average wind speed of 2.3 Km./hr,
(Fig.2:2.4.), The average minimum and maximum temperature was
22,4°C and 34.,8°C respectively., The mean relative humidity
was 71% (Table 2), The stations Omkarpura, Damapura, Ranoli,
Padamla, Fajalpur and Sankarda were on windward direction to
the polfution source during most part of the season, whereas

Angadh, Bajwa and Koyali were on leeward side.
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3.2, 1.1, 'Marigifera indica L. (mango)
3.2.1.1.1. Effect on morphological parameters : (Table 28)

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

saplings growing at Damapura decreased by 74.6% as compared
to control.* 45 to 64% reduction was noticed at Angadh,
Omkarpura, Ranoli, Padamla and Fajalpur. At remaining
stations, the gro;v'th rate of shoot reduced 31 to 34% as
compared to control., (Fig..11.1.).

(ii) Effect on foliage : The rate of increase in number
of leaves/plant was also affected at poliution zone, Very
high reduction was registere& at Ranoli (78,7%) and Omkarpura
(71.3%). 44 to 64% reduction was recorded at Damapura,
Angadh, Padamla, Fajalpur and Sankarda. At Bajwa and Koyali-
the percentage reduction was 37.2 and 27.7 respectively
(Fig.411.1.).

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 f;om 31 to 53% as

compared to control. (Fig.4.41.1.).

* Stations representing % damage are arranged ‘in decreasing-
order henceforth in the descriptive part,



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

D e P T B T - - W TS S . T (T A W oo W R W TV S o - D o oD I o . B St N B I QU 0 [ S i en P G B

TA Shoot No. of Total
STATION length leaves/ leaf
(Cm) plant area

(Cn? )

Bajwa 36..4 6.8 413
+ 4.7 25 24

Koyali 40 .1 9.0 443
+ 3.3 1.8 36

Omkarpura 38.7 8.6 406
+ 2.3 0-8 21

Ranoli 37.3 4.3 241
+ 3.7 1.8 16

Padamla 40 3 7.6 256
+ 1.6 2.1 23

Sankarda 36.1 10.8 428
+ 2.8 2.1 19

Fajalpur 34.6 5.6 255
j 4.0 1.7 18

Damapura 37.¢ 6.0 267
+ 2.3 1.8 19

Angadh 374G 5 8 205
+ 2.5 0.7 21

University 35.8 8.4 369
(Control) * 3.7 245 27

——— - ———— . o ]~y o P D U G ]~ T [~ o - ]~ Y G0 (ke o G I W W W W B SO WA IO R ST T AT S S G S T W B s

+ Standard deviation.
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Table 28. Response of Mangifera indica L. (mango) saplings
to air pollution

MONSOCN ~ Merpholegical observations

Y s = — - (T - — 1 " " Y Gy " o R ron B SR W N G B i et TV A T S R e (Y G AP o ST S e TR SRS pd AT QN T R B e B0 QY OO G W B O Ot

Shoot No.of Total Injury %
STATION length leaves/ leaf index Leaves
: plant area ) with
(Cms ) (Cm2) sympt oms
Bajwa 45 .0 12.7 596 1.7 4.0
£ 5.7 1.9 28
Koyali 48 «7 15.8 674 - -
* 3.6 2.3 35
Omkarpura 43 .6 11.3 481 845 3745
+ 247 2.6 13
Ranoli 4245 5.8 316 10+6 77 G
+ 3.6 1.4 17
Padamla 46 .0 12.4 496 3.5 18.3
1.4 1.7 22
Sankarda 44.5 16.0 573 3.8 12.1
+ 1. 1.3 34
Fajalpur 4145 10.6 464 4.3 16.9
¥ 3.8 1.2 17
Damapura 41.1 Q.4 321 180 100.0
+ 2.5 0.5 15
Angadh 41.G 9.2 390 7.6 1000
+ 3.9 1.7 15
University 48 «4 17.8 721 - -
(Control) + 2.1 2.6 35

- "B 1 G o G W e W B T G e e AR e P A B W R G e e B A e 5 ST G TS e B B G O WS ST Y AP W A e R S G ST S S e TR B DU S W G e oo S

+ Standard deviation.
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During 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%), Senkarda (3.8%), Padamla (3.5%) and Bajwa
(1.7%). No visible foliar damage was observed at Koyali.
(Fig.411.2.).

At Damapura and Angadh, all the leaves exhibited foliar
symptoms, mostly of tip and margin burning. At Ranoli 77.6%
of the leaves showed vigible foliar symptoms, whereas at
Omkarpura, Padamla, Fajalpur and Sankarda 37.5%, 18.3%, 16.9%
;nd 12, 1% of leaves exhibited visible damage respectively. 4%
of the leaves exhibited symptoms at Bajwa.l (Fig.l11.2.).

3.2.1.1.2. Effect on biochemical parameters : (Table 29)

(1) Effect on 'Qé otosy_q"{:hetic plgments : During monsoon,
very high reduction (52 to 62%) in chlorophyll pigments like

chlorophyll a, b and total chlorophyll was recorded at

Omkarpura and Ranoll.

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
chlorophyll 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..11.3.).

(ii) Effect on aécdrbic ‘a‘ci’d‘ s At differenj: stations in
poliution zone, ascorbic acid content decreased in the
foliar‘tis'sués as compared to control. High reduction was
recorded at Ranoli (42.1%). 31 to 37% reduction was noticed
at Damapura, Omkarpura, Angadh and Sankarda, The percentage
reduction ranged from 18 to 29 at Padamla, Bajwa and Koyali.
(Fig.LA1.4.).

(iii) Effect on bmfx_ein and total free am;noacids :

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./.11.4.).

Higher accumulation of free aminoacids in foliar tissues
over control was recorded in the pollution zone. Maximum
accumulation‘;va&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, v‘:hereas in
the remaining stations it ranged from 1.2 to 1.4 times over

céntrol. (Fig.d.11.4.).
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(iv) Effect on total soluble sugars : It decreased 27.7%
at Damapura, whereas at Omkarpura, Ranoli and Angadh the
percentage reduction was between 15 to 20 as compare& 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 sulmp‘h'u}:" content 3 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..11.5.).

3.2.1. 2. Manilkare hexandre (Roxb,) Dubard. (rayan)
3.2.1.2.1. Effect on morphological parameters : (Table 31)

(1) Effect on ‘§h'66'l: le—n'gt«h ¢+ During monsoon, the growth

rate of shoot highly decreased at Omkarpura (46.0%) followed
by Demapura (40,5%), Fajalpur (36.5%) and Ranoli (25.7%).

to 20% reduction was recorded at all other stations except
Koyali where the growth rate was 8.9% higher than control.

(Fig.L12.1.).

(iij Effect on .foldi‘a‘g'é : The rate of increase in number
of leaves/plant was highly affected at Omkarpura, where the

reduction waé 52,8% as compared to control., 33 to 45%
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Table 30. Field exposure of Manilkara hexandra (Roxb.)
Dubards (rayan)saplings

(Initial morphological observations)

OV S . ——_— i TR 100 g S WV P ST O T W G M T G W S S (e G T (e G DR ST IS A W e S G B S e e T (U SP $OW SP  a r S

Shoot No.of Total
STATION length leaves/ leaf area
plant 5

(Cme) (Cm*)
Bajwa 58 36 g.4
+ 1.0 0.8 05
Koyali 6.2 3.8 13.2
+ 2.2 1.2 0+4
Omkarpura' 6.0 3.1 110
j 1.4 05 1.4
Ranoli 5.9 2.6 10.1
* 1.4 05 06
Padamla 5.9 3.0 85
+ L.4 05 0.2
Sankarda 70 4.2 135
* 1.8 0.7 0.8
Fajalpur 5.5 3.1 1l.4
+ 1.7 06 0.2
Damapura 5.7 3.6 13.5
hy 0.8 0.5 05
Angadh 6-8 406 ll 09
+ 02 Oel 0.2
University 6.8 3.4 10.1
(Control) * 05 0.4 0.2

T o f— TS - e o I o o o e S S W o O e i o e e Aot A B TS A e O Y B T £ 8 W O BT W T W B B BN O T e e (Wt

+ Standard deviation
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Table 31+ Response of Manilkara hexandra (Roxb.)
Dubard (rayan) saplings to air pollution

MONSOON - Morphological observations

T T A T SR Phi TS G T N D SR S QO BT BT G e 10 WAt ) SIS0 M B S W o QNS I v GO B R S it T S SO S e Ao B ST R T A P B B T AP S R M W G S o S

Shoot Noe.of Total Injury % of
STATION length leaves/ leaf index  leaves
plant area with
symptoms
(Cm) (Cm? )
Baj wa 12.3 8 «Q 60 «? - -
+ 1.6 1.2 4.5
Koyali 15.0 10.9 742 - -
* 1.2 1.4 2.6
Omkarpura 10.9 645 41 4 245 15«4
T Le4 1.1 3.6
Ranoli 11«4 74 460 - -
+ 2.1 1.8 245
Padamla 11.9 8.8 61 .9 - -
+ 1.5 0.0 42
Sankarda 1346 1l.1 02«6 - -
+ 243 1.6 3.1
Fajalpur 10.2 83 45 .3 - -
£ 1.6 1.4 29
Damapura 10.1 7.6 410 4.8 238
+ 1.8 1.3 443
Angadh 12.8 9.1 637 1.7 17.1
+ 1.3 1.8 8.l
University 14.6 10.6 86 .2 - -
(Control) # 1.2 1.5 5.3

- —— e " g - AP T O S B S S S SO e B S Y S S W e W e 9 U S S Y B LU G e i BT S ASY ST Gt ot A AP GAR DO TG St SR e

j Standrad deviatione
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reduction was recorded at Damapura, Angadh and Ranoli. 19 to
B% 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..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.

(Figl.12.2.).

3,2,1,2.2, Effect on biochemical parameters : (Table 32)

(1) Effect on ')gh.dtds‘ynfheti'c pigm‘e_njg : High percentage

reduction in chlorophyll é of rayan was recorded at Damapura
(51.8) and Omkarpura (44.2). At Angadh and Ranoli reduction
was 34,5% and 25.8% réspectively, whereas at remaining
stations the reduc'bionl ranéed from 7 to 15% as compared to

control, (Fig.4.12.3.).

4

Maximum reduction in chlorophyll 2 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 r;':myan leaves
was tn.o% less than control, whereas at Omkarpura and Angadh
i’;‘. was 36.1 and 28.3% respectively., The percentage reduction
at all other stations was 4 to 19% as compared to contradl,

(ii) Effect on aﬁcofbic acid : Foliar ascorbic acid

content was mostly reduced in the plants growing at pollution
zone., Maximum reduction was observed at Omkarpura (35.8%)
folloived by Damapiura (30.6%) and Angadh (21.8%). In the
remaining stations except Kbyali » 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..12.4.).

(iii) Effect on protein and total free aminoacids $

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 Koyeli and Senkarda 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 Omkarpura and Damapura (4.2 times) followed
by Ranoli and Padamla (3.9 and 3.7 times respectively), The
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.l12.4,).

(iv) Effect on total scluble sugars : Maximum reduction

in total soluble sugars was recorded at Damapura (29,5%)
followed by Omkarpura (26,3%) and Ranoli (21.2%). 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 —ss‘u—l‘ghur : During monsoon, maximum

sulphur accumulation in rayan leaves over control was
recorded at Damapura (2.5 times) and the other stationsin
decreasing order were Omkarpura (2.14), Fajalpur (2.02), S
Sankarda (1.82), Ranoli (1.77), Angadh (1.5), Bajwa (1.36)
and Koyali (1.1 times). (Fig.,12.5.).

3.2.1.3. Syzygium cumini Skeels (jamun)

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

growth rate of shoot (68.7%) was recorded at DRmapura
followed by Omkarpura (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.)..

[

(i1) Effect on foliage : The rate of increase in the

nt;mber of leaves/plant was also affected at pollution zone,
42 to 59% reduction was o})served at ﬁamapura, Angadh and

Omkarpura, At Padamla, Fajalpur, Ranoli and Bajwa 25 to 34%
reduction was registered. At remaining stations the percen-
tage reduction ranged from 13 to 19 as compared to contrel,

(Fig.bA3.1.).

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.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..13.2.).

At Damapura, 12.7% of the leaves exhibi'tec; visible
damage whereas at Ranoli and Omkarpura it was 9.4% and 8.'2%
respectively, In the remaining stations like Padsmla, Angadh
and Fajalpur 3 to 6% of leaves showed symptomé. (Fig.&.ﬁ. 2¢).
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Table 33+ Field exbosure of Syzygium cumini Skeels
(jamun) saplings

(Initial morphological observations)

T - (] e T ol ot T Nl Gl B Ul o W A A I A OO Y PO AL ot S i T D B S Bkt W e TS A S P BB A Bl S Gl .k B P Ao P S i Y o ot Vo

Shoot No.of Total No.of

STATION - length leaves/ leaf branches/
plant area plant

(Cm) (Cr’)
Bajwa 29.6 10.9 183 1.l
+ 4.5 3.0 15 0.7
Koyali 33.4 8.9 161 2.2
+ 345 2.7 17 1.1
Omkarpura 35.1 9.7 233 1.8
+ 4.3 3.8 41 1.3
Ranoli 33 .8 105 169 245
+ 3.4 3.5 13 0.3
Padamla 28.9 80 174 1.3
+ 5.2 4.9 15 1.3
Sankarda 29.3 8«9 191 1.8
x 5.8 5.2 25 1.5
Fajalpur 25.8 11.4 209 0.9
i' 606 404 28 0'3
Damapura 2647 145 242 1.1
+ 2.5 3-8 36 0.1
Angadh 314 949 188 0.6
+ 5.6 5.2 27 0.1
University 30.1 10.3 221 L.l ~

(Control) + 6.3 4.1 30 0.8

. - - o SO 21t S ot (. T i [ Y S I D I W Sl Nt e (O T SR D A B il bl D S I R S SN 00 D S D PR Yl T T O ik T Gl i T WO SO B

+ Standard deviation.
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3.2, 1.3.2. Effect on biochemical parameters : (Table 35)

(1) Effect o@ﬁdtosznthéti_c E‘iﬂent's : Chlorophyll a

and }_3 pigments decreased 50 to 54% at Raﬁoli and Omkarpura
as compared to control, whereas at Damapura it was 48,.5% and
53.2% respectively. Among the other stations, maximum
percentage reduction in chlorophyll _é_ 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.413.3.).

Total chlorophyll content in jamun leaves at Omkarpura,
" Ranoli and Damapuravwas 46 to 55% less than control, At
Angadh and Fajalpur the percentage reduction was 37.8% and
29.5% respectively, whereas 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 Omkarpura (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.,.13.3.).

(ii) Effect on foliar ascorbic acid : The Jamun saplings
growing at Damapura, Omkarpura and Renoli exhibited 27 to



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 te 20%. (Fig..13.4.).

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

Maximum percentage reduction of protein in jamun leaves was
recorded at Damapura (38.4) and other stations in decreasing
order were Ranoli (36.7), Omkarpui'a (31.0), Padamla (24.9),
Angadh (19.2), Sankarda: (16.4), Koyali (14.9), Fajalpur (14.1)
and Bajwa -(12.6). (Fig.l.13.4.). |

Total free aminoacids content increased at all the
stgtions 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..13.4.).

(iv) Effect on total soluble sugars : It decreased in

the jamun plants growing at poilution' zone as compared to
control, Higher reduétien in soluble sugars was noticed

(21 to 29%) at Damapura, Ranoli, Omkarpura and Fajalpur, At
the remaining s“cationé 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 Jjamun 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), (Fig.4.13.5.). |

3. 2.2, RESPONSE OF FRUIT TREE SAPLINGS TO AIR PCLLUTION
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 31.8°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 ﬁzos‘t part of the season, whereas all other stations

were on leeward sivde.

3.2.2.1. Mangifera indica L. (mango)

During winter, all the m2ngo saplings were severely
damaged and ultimately died at Angadh due to acute exposure
to pollution,
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3.2.2.1.1. Effect on morphological parameters : (Table 36)

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

décreased 86.5% at Bajwa and 74.6% at Koyali as compared to
contral, 56 to 62% reduction was registered at Damapura,
Ranoli and Omkarpura, At all other stations the reduction
ranged from 21 to 39%. (Fig4dl.1.).

(1i) Effect on foliage : The rate of increase in number

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.4.41.1.).

In mango saplings leaf area was highly affected at
Bajwa as campared 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.,.11.1.).

High injury index was recorded at Damapura (35.4%) a.nd“
the otﬁer 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..11.2.).

Mango 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



Table 36. Response of Mangifera indica L. (mango) saplings

to air pollution

WINTER - Morphclogical observations

T B k108 A o Y P AN GV A S U . O S0 SN o T B S Y B 7O S B b O W S B . . R A (B B S S, A, i, A SYTED TS AT ARG WO B YO, 0 R o S, B WA B RO 1A T

1

A
1

Shoot Noe.of Total Injury 9% of
STATION length leaves/ leaf index  leaves
plant area with
5 symptoms

(Cms) (Cm=)

Bajwa 46 .5 14..6 568 14.4 31.6
hix 4.2 2.9 26

Koyali 516 186 816 642 9.3
+ 3.9 1.5 41

Omkarpura: 48 +6 15.2 689 12.8 47«0
x 3.7 1.6 38

Ranoli 4745 0.3 554 175 710
+ 2.3 1.3 27

Padamla 54.2 15.9 783 T3 220
+ 3.4 1.8 41

Sankarda 5365 20 .0 874 8«46 1l4.4
+ 2.8 2.2 37

Fajalpur 485 14.9 780 9.0 16.0
+ 1.6 1.9 39

Damapura 45 .8 11.9 506 3%.4 100.0
i 2 '5 2 -5 28

Angadh All plants ultimately died due to acute

exposure to pollution
University 59.8 252 1285 - -

(Conttrol) & 3.5 1.7 67

7
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1+ Standard deviation.



symptons varied from 9 to 22 at all the remaining stations,

(Fig.4a1.2.).
3.2.2.1.2. Effect on biochemical parameters : (Table 37)

(1) Effect on photosynthetic pigments : 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 (52.8%), 46 to 48% reduction was
noticed at Koyali, Ranoli and Omkarpura, whereas 32 to 39%
reduction was at Padamla, Fajalpur 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. (Fig.4-1103.)0

(ii) Effect on foliar ascorbic alcﬁ.d ¢ Maximum reduction
in ascorbic acid content was recorded at Ranoli (40.3%)
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followed by Damapura and Bajwa (35%), Omkarpura (33%),
Koyali (29.8%), Sankarda (21.5%),'Faja1pur and ‘Padamla
(19.1%) as compared to control. (Fig.t.a1.4.).

(1ii) Effect on foliar protein and total free aminoacids :

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

L
protein level was at Sankarda (9.4%) during winter. (Fig.,11.4.).

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 Omkarpura (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. (Figd.11.4.).

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

growing at Damapura exhibited maximum reduction in solutbtle
sugars (28.8%) dﬁring winter as compared to cﬂntrol. 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 contiol.

(Fig.t.11.5.).
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(v) Effect on foliar sulphur : 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), Koyali (2.3), uFajalpur (2.04),
Ranoli (1.81) and Padamla (1.42 times), (Fig.4.11.5.).

3.2.2.2. Manilkara hexandra (Roxb,) Dubard., (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)

(1) Effect on shoot l'ength’: The growth rate of rayan
Ashoo‘t 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.t.12.1.).

(i1) Effect on folj.'ag'é : 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,
Koy;ali and Damapura. At all the remaining stations the -
percen'lt;age reduction was between 5 to 20% as compared €0 -

control, (Fig.t.12.1.).



Table 38+ Response of Manilkara hexandra (Roxb.) Dubard.
- (rayan) saplings to air pollution _

WINTER ~ Morphological observations

D S ot S GOU S AT WY WD M Ao Bt O R B Qu A (A SO BT, S YOS P SR P S e S W A O o OO B 4O LA A B Dot S ST AR T B S G B S SO M BT B U8 O (A (U o . S S

Shoot No.of Total Injury % of
STATION length leaves/ leaf index leaves
plant are with
(Cm) (Cm“) symptoms
Bajwa All plants ultimately died due to acute
exposure to air pollution
Koyali 17.8 13.56 120 - -
+ 1.3 2.1 18
Omkarpura 132 9.1 79 - -
+ 1.9 1.4 11
Ranoli 15.6 11.5 101 - -
hy 2.0 1.9 13
Padamla 16.7 13.1 134 - -
I 1.8 3.1 24
Sankarda 19.3 15.9 171 - -
+ 25 1.6 18
Fajalpur 145 12.9 107 - -
T 1.6 0.8 17
Damapura 13.4 10+4 . 86 6.3 12 .4
* 20 1.4 1l
Angadh 14.3 11.2 99 14.5 23.0
+ 1.8 1.5 .8
University 19.7 15.7 162 - -
(Contrel) + 2.0 2.9 15

- - (" o~ - -~ o—_ -~ - " - - - - o w - I o Ao o {4 . S [ o " - W S A S I . W G G G T DU B RO M G IS S B S (e S S g

+ Standard deviatione.
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In rayan leaf area was highly reduced (53.6%) at Angadh
as compared to the éontrol. 40 to 51% reduction was recorded
at Omkarpura, Koyali and Damapura, At all other stations
except Padamla and Sankarda the reduction was 18 to 28%. At
Sankarda and Padamla the growth rate was more or less close

to control, (Fig.la2. 2.).

Visible foliar symptoms were observed at Angadh, Damapura
and Ranoeli. 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 biochemical parameters : (Table 39)

(i) Effect on p‘hotoézzithétic g—i@ents‘ : Maximum reduction
in chlorophyll pigments in rayan saplings was recorded at

Angadn. Chlorophyll a pigment 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 2 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 chlproPhyll 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‘1:0 28% reduction in carotenoids
was registered at Damapura, Kéyali, Omkarpura and Ranoli,
whereas it was 3 to 11% at the remaining stations. (Fig.412.3.).

(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.l12.4.).

(iii) Effect on feliar protein and total free amirioacfidg :

Maximum reduction in protein ct_)ntent_ was recorded at Angadh
(35.2%) as compared to controcl, At Demapura, Omkarpura, and
Koyali, the percentage reduction was between 18 to 23%,
whereas at Ranoli, Fajalpur and Padamia it was from 8 to
11%, Foliar protein level was close to control at Sankarda

during this season. (Fig/.12.4.).

Accumulation of free aminoacids in the foliar tissues
was observed in the plants growing at pellution 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.412.4,).

(iv) Effect on total soluble sugars : Foliar sugar

content decreased maximum at Angadh (37.8%) as compared to
control, The percentage reduction in soluble sugars was 17
to 25% at Koyali, Omkarpura and Damapura, whereas it was 3
to 14% at Ranoli, Padamla, Fajalpur and Sankarda, (Figé"l 2.5.).

(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), Onkarpura (1.6), Koyali (1.55), Sankarda (1.38),
Padamla (1,35) and Ranoli (1.21 times). (Fig.4.12.5.).

3.2.2.3. Syzyglum cumini Skeels (jamun)
3.2.2,3.1, Effect on morphological parameters : (Table 40)

(1) Effect on shoot yle‘g’gth' ¢ 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‘gmwth 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.).

(1i) Effect on i.‘ol-iaggé : In jamun, the growth rate
with respect to number of leaves/plant was also highlir
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, Omkarpura and Fajalpur, 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 Onkarpura. 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.ln3.2,).

The injury index was maximum at Angadh (36%) during
winter and the other stations in decreasing order were
Bajwa (17%), Demapura (13.4%), Renoli (11.6%) and Koyall
(6.4%), Visible foliar damage was not observed at remaining
stations during this season. (Fig..13.2.). |
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At Angadh, 50% of the leaves exhibited visibié
symptoﬁs, in jamun., At Damapura, Bajwa, Ranoli, Koyali and
Omkarpura the foliar demage was exhibited by 20,6%, 18,6%,
14,8%, 4.0% and 2.0% of leaves respectively. (Fig.,.13.2.),

3.2.2,3.2, Effect on biochemical parameters : (Table 41)

(i) Bffect on photosynthetic pigments : During this
season, drastic reduction in chlorophyll pigments was
observed at Angadh, Bajwa, Damapura and Ranoli.

Chlorophyll g 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 é 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 contﬂeIf/(FigJL13.3.).

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.k.13.3.).

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

the foliar tissues of jamun -decreased by 4i.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..13.4.).

(£ii) 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 (28.6%), Damapuré (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 remaining statiqns the total free

aminoacids level was close to control. (Fig..13.4.).

(1v) 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%). Améhg 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. (Fig.,d3.5. Yo

(v) Effect on foliar gg_iﬁhur 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 ATIR POLLUTION
DURING SUMMER AT DIFFERENT EXPERIMENTAL STATIONS

During this season, wind direction was south or south-
west during most of ;che season with an average speed of 8.0
Km./hr., (Fig.2.2.4.). The mean atmospheric temperature 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 Damaggfa were on windward direction of the source,

whereas Bajwa,.Koyali and Angadh were on the leeward side.
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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, Omkarpura and Damapura. At Angadh, the
shoot gfowth rate decreased by 75.2%, whereas at Bajwa and
Koyali the reduction was 52,9% and 43, 1% as compared to the
control., (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
B Omkarpura (101.4%) as compared to control. At all other
stations except Koyali,‘fhe reduction-ranged from 50 ﬁo 7 1%,

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

(Fig.411.1.).

During summef, 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.4l11.1.).

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 Koyali (8.5%). (Fig.t.11.2.).

In the mango saplings growing at Dsmapura, 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)

(1) Effect on photosynthetic pigments : Chlorophyll

pigments and carotenoids in mango leaves were significan’ﬁly

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 redﬁction was 48,2, 43.1
and 21.7 respectively. (Fig.,.11.3.).

Reduction in chlorophyll b pigment was maximum at
Demapura (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 L44% as compared to control.
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Carotenoid pigments were recorded 35 to 46% less than
control in maﬁgo growing at Damapura, Omkarpura, Ranoli
and Angadh. At Bajwa and Koyali the reduction was 27.0%
and 18,0% respectively as compared'to control, (Figﬁﬁ1.3.).

(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, Demapura and Angadh. At Koyali and
Bajwa, the foliar ascorbic acid conteht 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 Demapura (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.4a1.4.).

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.

(FiglL11.4.).
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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 ibliar sugar content was recorded at
Ranoli, Omkarpura and Angadh, At Bajwa and Koyali the
percentage reduction was 12.3% and 9.4% respectively as

compared to control. (Fig..11.5.).

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

1atioq over control in mango leaves was recérded at Damapura
(3.11 times). The other stations in decreasing order were
Omkarpura (2.9é), Angadh (2.86), Bajwa (2.72), Koyali (2.71)
and Ranoli (1.94 times). (Fig.411.5.).

3.2.3. 2, Manilkara hexandra (Roxb,) Dubard. (rayan)

3. 243, 2. 1. Effect on morphologicél parameters : (Table 44)

(1) 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) Efféct'on foiiagé ¢ 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.t.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.,.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.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 1ea\ves showed visible damaging symptoms respectively.

(Fig.12.2.).

3.2.3.2.2. Effect on biochenical parameters : (Table 45)

..........

severe damage to chlorophyll pigments was noticed in rayan

at Damapura and Omkarpura, Chlorophyll a pigment was
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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% 1éss 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 Omkarpura 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 Omkarpura and 21.2% at Angadh, Among the other
stations, only ét Koyali the percentage reduction was 7,
whereas at the remaining stations it was 15 to 20.- as

compared to control, (Fig.,12.3.).

(i) Effect on foliar ascorbic acid : Maximum reduction
in ascorbic acid content was recorded at Damapura (34.8%).
The ofher stations in decreasing order were Omkarpura (29.4%),
Angadh (24.1%), Bajwa (19.1%) and Ranoli (18,4%). At Koyali
it was 8.9% higher than control., (Fig.4.12.4.).

(iii) Effect on foliar protein and total free

amiﬂoaoids ¢+ During summer, foliar protein content decreased

at all the stations under investigation. Maximum reduction
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was recorded at Omkarpura (39,3%) foilowed by Damapura
(35.5%). At the remaining stations except Koyali (9.7%)
the percentage reduction was between 20 to 30% as compared

to control. (Fig.,.12.4.).

Very high accﬁmulation of free aminoacids over control
was recorded in the plants growing at pollution zone. A%
Omkafpura, Dapapura and Ranoli the aminoacids content varied
from 4.1 to 4,9 times over control, At the remaining
stations, increase in free aminoacids level was 2,2 to 2,7

times over control., (Fig..12.4.).

(iv) Effect on total sﬁiuble<§ﬁgar§ ¢ Soluble sugar

content decreased at all the stations except Koyali as
compared to control. Maximum reduction registered at
Damapura was j34.8%?, The percentage reduction ranged fram
14 to 30% at all the remaining stations except Koyali where
it was close to contrSI.‘(Fith12.5.).

(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 inmthe decreasing order were Angadh
(2.71), Omkarpura (2.64), Ranoli (1.81), Bajwa (1.79) and
Koyali (1.38 times over control). (Fig4.12.5.).
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3424343, Sizzgium cumini Skeels (jamun)
3.2.3.3.1. Effect on morphological parameters : (Table 46)

(1) 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.t.13.1.).

(i1) Effect on foiiagé : 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 bﬁ
Omkarpura (49,3%). At Bajwa, Angadh and Ranoli the reduction
ranged from 14 to 29%, whereas at Koyali growth rate
slightly decreased (6,0%) as compared t‘o‘ control, (Fig.{i}.'t.).

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 reduc‘tion ranged from 35
to 55%. At Koyali, total leaf area was slightly higher
(7.2%) than control plants. (Fig.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.4d3.2.).
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The saplings exposed at Damapura and Ranoli exhibi#ed
visible foliar symptoms 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 (&.1%). (Fig.413.2.).

3.2.3.3.2, Effect on biochemical parameters : (Table 47)

(i) Effect on_ghofq§ynthetio gigﬁeﬁté : 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 re@uction 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 foliaf ascorbic acid : During 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 waé 32.2% at Omkarpura, 30,9%
at Ranoli, 28,6% at Angadh and 18.0% at Bajwa.. At Koyali

ascorbic acid content was very close to control, (Fig"ﬁB.h.).

(1ii) Effect on foliar protein and total free

aﬁinoacids ¢ The foliar protein content at Dagmapura was
44.1%Ileés 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..13.4.).

Significant accumulation (1.4 to 1.8 times) of free
aminoacids over control was noted at all the stations,
except Bajwa and Koyalli where it was 1.2 and 1.1 times over

control. (Fig.4.13.4.).

(iv) Effect on total soluble §ugan§ : 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%. There was comparatively less

(7.5%) reduction in sugar content at XKoyali. (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 (j.96), Ranoli (1.61), Bajwa (1.47)
and Koyali (1.34 times over confrol). (Fig¢g1ﬁ.5.).
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3.3, ARTIFICIAL PFUMIGATION STUDY

To determine the effect of 802 on three tree species
under investigation, unexposed, ascorbic acid untreated
plants (C‘l) were compa'red with 80, exposed and ascorbic acid -

untreated (CZ) plants.

The 802 effect on ascarbic acid treated plants (T'I and TZ)
was also determined by comparing with 01.

The amelioration of SO2 effect by ascorbic acid was

determined by comparing T1 and Tz plants with CZ'

3.3, 1, MANGLFERA INDICA L. (MANGO)

3.3.1.1. Effect of sulphur dioxide

(1) Effect on foliage : Visible foliar tip turning

symptoms‘ were observed in C, 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 dam@ge and the injury index was 25,6%. At 180
days, the injury iridex was 3B.9% and the leaves with symptoms
were 88.9%.

In the T1 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 T2 plants, foliar symptoms were recorded at 90 days
in 6,45% of the leaves, Af 120 days, 13.9% of the leaves
exhibited injury index of 5.71%. At 150 days, the '‘injury index
was 16,.3% in 33.0% of leaves. &t 180 days, 66.2% of leaves

showed visible damage and the injury index was 30.2%.

(ii) Effect on‘chldfoghxil g ¢ Gradual reduction in
chlorophyll a pigment was observed in 02 plants with increasing
exposures of 802. At 60 and 120 days chlorophyll a content in 02
plants was 11.96% and 26,0% less than 4 respectively. At 180

1

days, i.e. exposure of 60 ppmh~  accumulative dose of S0,,

chlorophyll a reduced -43.5% in C, plants as compared to C,.

In T1 plants, at 30 days chlorophyll a was close to C1.
At 60 and 120 days it decreased 5.02% and 13, 4% respectively,
At 180 days reduction was 15.67% as compared to Cie

’ In T2 plants at 30 dgys, chlorophyll a level was close
(1.95% higher) to Cy» but in subsequent exposures it
decreased gradually, At 126 and 180 days, the reduction was
20, 4% and 39.8% as compared to Cqe (Fig;36.1.).

(111) Effect on chlorophyll b : In C, plants it was 7.1%

1

less than C, after exposing to 10 ppmh” ° accumulative S0,

dose., The degradation of clilorophyll b increased with number of



Fige3.6s1e Effect of 502‘fumigation on photosynthetic
pigments of Mangifera indica L. (mango)

C, s Neither exposed to SO, nor treated with
ascorbic acid (AA)

C, s Exposed to SO, but not treated with AA

e
-

Exposed to 502 anfl treated with
10 ymoles of AA. .

T2 s Exposed to 802 and treated with
100 jmoles of AA.
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SO2 exposures. At 120 and 180 days, it was 24.1% and 46, 1%

less in 02 plants than in C, respectively.

In T1 plants, at 30 days chlorophyll b level was close to
Cy» but in subsequent exposures it decreased rapidly. At 60
and 120 days, it was 3.73 and 12.38% less than Cqs At 180 days

reduction was 15.98% as compared to Cqe

In T, also at 30 days chlorophyll b was least affected,

2
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 C, (Fig.3.6.1.).

(iv) Effect on carotencids : The carotenoid pigments
content in 5 plants diminished with increasing number of 802
exposures, At €0, 120 and 180 days carotenoid pigﬁlents content
in 02 plants was 10,97%, 20.07% and 38,57% less than C4

" respectively.

1 accunmulative 802

In T, even after exposing to 20 ppmh”
dose carotencids were least affected., At 90 and 150 days it

was 5, 1% and 12.8% less than C, respectively. The reduction

1
was 10,6% at 180 days as compared to Cye

In T2 plants, at 30 days carotenoids content was slightly
higher than C1’ bu‘t; with subsgquent exposures it decreased
rapidly. At 60, 120 and 180 days the carotenoids level was
6.0%, 18.4% and 37.1% less than Cqe (Fig.3.6.1.).
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A

(v) Effect on 4as;cor‘bic.'acici : Not much change in ascorbic
acid content of C, was observed upto 10 p}gmh”‘! S0, exposure,
In subsequent 502 exposures it decreased sharply. At 60, 120
and 180 days foliar ascorbic acid c‘ontent in C, plants
decreased byA6.4%, 19.6% and 29.76% as compared to o

respectively,

In T, plants slight increase (2,3%) over C, was observed
at 30 days, but at 60, 120 and 180 days it was &, 4%, 14.5% and
11.6% less than C, respectively.

In T, plants also at 30 days slight increase (4.5%) over
C, was observed, but it decreased sharply with further
exposures. At 120 and 180 days ascorbic acid content in T2

was 18.1% and 26.03% less than C, respectively. (Fig.36.2.).

1

(vi) Effect on foliar Erd‘téin : In C, plants protein
content declined due to SO2 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 C, plants.

At 30 days in ’1’.l plants, the foliar profein content was
slightly higher (2.4%) than C,, but at 60 days it was 5.3%
less than C1. Maxiﬁxum reduction in T‘l plants (18,.6%) was
recorded at 180 days, '

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

T2 plants at 30 days, tut in subsequent exposures it exhibited
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Fig.3.642. Effect of 802 fumigation on foliar ascorbic
acid contemt of Mangiferg indica L.

C1 $ Neither exposed to 802 nor treated
with ascorbic acid (AA)
02 s Exposed to 502 but not treate¢ with AA

¢ Exposed to SO, and treated with
10 pmoles of AA

e
.

Exposed to 502 and treated with

100 pmoles of AA

N
o

(Vertical bars represent standard
deviation )
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Figd.6e3. Effect of SO, fumigation on (A) foliar
protein and (B) total free aminoacid content
of Mangifera indica L.

Cy ¢

*

Neither exposed to 502 nor treated
with ascorbic acid (AA)

Exposed to 502 but not treated with AA -

Exposed to SO, and treated with .

- 10 umoles of AA

a

Exposed to SOzvand 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 compéred to C, respectively, (Fig.3.6.3A.).

(vii) Effect on fota;_:ree amindad;gg : SO2 exposures
increased the total free aminoacid content in the foliar
tissues of c, plants, At 60, 120 and 180 days in C, plants,
it was 12,6%, 30.5% and 58,.8% higher than C, respectively,

In TH plants also 802 exposure increased the free amino-
acids. At 60 and 120 days it was 13.6% and 25,7% higher than
C, respectively, Maximum percentage of accumulation (39.5%)
was recorded at 150 days. At 180 days it was 35.4% higher than

C1.

In"l‘2 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 C, respectively, (Fig.3.6.3B.).

(viii) Effect on total scluble sugars : At 30 days, the

soluble sugar content in Cs plants was close to C1. At 60, 120
and 180 days 4.6%, 16.0% and 31.6% reduction was recorded as

compared to Cqe

Initial increase (5.5%) in soluble sugars was observed in
T1 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 Cqe | ’
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In T, plants, 6.7% increase over C, was recorded at 30
days., At 60 days sugar content was close to Cqs but in
subsequent exposures it was reduced in T2 plants. At 120 and
180 days solublé sugar content in T2 was 18.5% and 28, 1%
less than C, (Fig.3.6.4.A.),

(ix) Effect on sulphur content : Gradual increase in

foliar sulphur content was recorded corresponding with the
increasing 802 exposures. -In 02 plants, foliar sulphur content
was 13.5%, 28.7% and 46.5% higher than Cy» at 90, 120 and 180

days respectively.

T1 plants also exhibited increasing trend in sulphur
accumulation, At 60, 120 and 180 days it was 6.0%, 21.3%
and 30.4% higher than C,.

302 exposure increased the foliar sulphur in T2 plants,
26.5% and 45.6% increase over C, was recorded at 120 and 180
days. (Fig.3.6.4.B.).

3.3.1.2. Amelioration of 802 effect by ascorbic acid

treatments :

In mango, among the two concentrations of ascorbic acid
employed, 10 pmoles treatment (T1) mitigated the 802 effect
more than 100 pmoles treatment (Tz).



Fige36.4. Effect of SO, fumigation on (A) foliar
total soluble sugars and {B) sulphur
content of Mangifera indica L.

*

C Neither exposed to 892 nor treated

with ascorbicacid (AA}]

C, s Exposed to 502 {12 but not treated
with ascorbic acid

e
o

Exposed to 502 and treated with
10 umoles of AA

T2 ¢ Exposed to 802 and treated with
- 100 jmoles of AA. |

) (Vertical bars represent standard
deviation) y
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(1) Effect on chlorophyll a : Chlorophyll a pigment was
always higher than C, plants in the ascorbic acid treated
plants (T1 and Tz). In T1, éi 60, 120 and 580 days the
amelioration effect was well reflectéd by 6.86%, 17.0% and

49,3% increase over C, 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%

and 6.6% higher than C, respectively. (Fig.36.1.).

2

(ii) Effect on chlorophyll b : In T, plants chlorophyll b

pigment was 11.6%, 15.4% and 55.9% higher than C, at 60, 120
and 180 days.

In T, plants, at 30 days chlorophyll b was 9.33% higher
than 02, whereas at 120 and 180 days the percentage increase

was 3.3% and 18.9% over C, respectively., (Fig.3.6.1.).

2

(iii) gffecf on carotenoids : In T,, 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 02 respectively,

In T2 plants, at 30 days carotenoids level was 8.75%
higher than C,, The carotenoids content in T2 plants was more

or less close to C, at 120 and 180 days. (Fig.3.6.1.).

(iv) Effect onyascorbic‘acid : In T, at 30 days it was

slightly higher (3.69%) than C, plants. At 120, 150 and 180
days it was 6.33%, 16.1% and 25.8% higher than C, respectively,
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In T2 plants foliar ascorbic ‘acid content showed slight
inc rease over C, a.t 30 and 60 déys (5.91 and 3.62% respectively).
At 120 days it was‘close to CZ’ but at 180 .days ascorbic acid
content was 5. 3% h&.gher than C,. (Fig.3.6. 2.).

(v) Effect on foliar 'prg't‘ei‘n : In T.‘ plants, at 30 days

protein content was 5.96% higher than C,e At 120 and 1180 days

the percentage increase was 6.4 and 25.0 respectively.

In T, plants also at 30 days, protein content increased

significantly (9.58%) over C,. The protein content in T

2° 2 .
plants was very close to C, plants at 120 and 150 days. At

'180 days it was slightly (4. 1%) higher than C,. (Fig.3.6.3.4.).

(vi) Effect on total free aminocacids : In T,, the free
aminoacid content was very close to (32 plants upto 90 days,
The mitigating effect was reflected by reducing the accumulation
of free aminoacids in T1. It was 3,68%, ’1+. 59% and 14.7% less
than 02 plants at 120, 150 and 180 days respectively. |

In T, plants free aminoacids level was close to 02 upto

2
120 days. At 150 and 180 days it was slightly (2.3 and 2.8%

respectively) less than C,. (Fig.3.6.3.B.).

(vii) Effect on total soluble sugars : In T, 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 C, respectively.



In T,, at 30 and 60 days it was 5, 33% and 5.98% higher
than C,. At 120 and 150 days sugar content was close to Coe
At 180 days, it was 4.8% higher than CZ.' (Fig3.6.4.A).

(viii) Effect on foliar sulphur : The sulphur content in

T,’ was close to 62 at 30 and 60 days. It decreased by 5.98%

and 11.0% at 120 and 180 days respectively as compared to Ce
In T2 plants foliar sulphur ¢ontent was observed close

to C, plants. At 180 days it was slightly (4.1%) less than

2
C, plants. (Fig.3.6,4B),

W
A -

3,3, 2, ‘MANILKARA HEXANDRA (ROXB.) DUBARD., (RAYAN)

3.3.2. 1. Effect of sulphur dioxide

(i) Effect on foliage : In rayan, ho visible symptoms were
1

observed in the leaves of S0, exposed plants, upto 60 ppmh~

accumulative 802 exposure,

(ii) Effect on chlorophyll a : In C, plants, at 30 days
it was slightly (2.6%) less than Cye At 120 and 180 days
chlorophyll a content decreaséd by 15.8% and 26.5% as
compared to C, respectively.

In T1 plants, the chlorophyll a content was less affected

1

after exposing to 10 ppmh™ ' accumulative SO, dose, but with
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subsequent exposures it gradually decreased. It was 14.6% and

23, 5% less than -C, at 120 and 180 days respectively,

1

In T, plants initial increase (4, 1%) recorded at 30 days,
but at 60 days chlorophyll g was slightly less than C1. At
120 and 180 days it was 13.8% and 27.3% less than C

respectively. (Fig.3.7.1.).

(1ii) Effect on chlorophyll b : In C, saplings, the content

of chlorophyll b pigment also declined gradually with increa-
sing 802 exposures. At 60, 120 and 180 days, it was reduced by
4.2%, 13.8% and 27.3% as compared to C, respectively.

In T, plants, chlorophyll b level was more or less close

to C, at 30 and 60 days. At 120 and 180 days it was 14.1% and

1
24, 5% less than C, respectively.

At 30 days, slight increase in chlorophyll b content
(3.8%) over C, was observed in T,, but it decreased with
subsequent exposures. At 120 and 180 days, it was 12.4% and

12.2% less .than C réspectively. (Fig.3.7.1.).

1

(iv) Effect on carotenoids : In C, plants it decreased

by 9,4%, 18,.4% and 29.0% at 60, 120 and 180 days as compared

to C, respectively.

In T1, carotenoid pigments were less affected even after

1

exposing to 20 ppmh™ ' accumulative 802 dose, At 120 and 180

days it was 11.4% and 21.4% less than C1 respectively.



Fig.i3e7s1s Effect of 502 fumigation on photosynthetic

pigments of Manilkara hexandra Dubard. (rayan)

C1 s Neither exposed to 502 nor treated
with ascorbic acid (AA)

Exposed to 502 but not treated with AA

N
L 1]

T1 s Exposed to 802 and treated with
10 pmoles of AA

T2 s Exposed to 802 and treated with
100 pmoles of AA
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In T2, at 30 days the carotenoids content was slightly
higher (3.1%) than C, and at 60 days it was very close to

C,. At 120 and 180 days it was 9,3% and 11,3% reduced as

1.

compared to C, respectively., (Fig;3.7.1.).

1

(v) Effect on ascorbic acid : Reduction in foliar

ascorbic acid was observed in C2 plants due to SO.2 exposure,
At 90 and 180 days, ascorbic acid recorded in 02 was 12.8%

and 29,0% less than 01.

“In T1 plants, ascorbic acid content exhibited decreasing
trend with increasing 802 exposures. At 60, 120 and 180 days
the percentage reduction was 8.1%, 19.3% and 26.1% as compared

to C, respectively.

1

In T,, ascorbic acid content was close to C, 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 C, respectively., (Fig.3.7.2.). |

(vi) Effect on foliar protein : In C , protein content

decreased 5, 1% than C1 after exposing to 10 p‘;.umh""l accumulative
80, dose. At 120 and 180 days it was 13. 9% and 24,5% less
than C1 respectively.

In T, plants at 60 days protein content was reduced by
7.54%, Maximum percentage reduction (17.3%) was recorded at

150 days, whereas at 180 days it was 16.9% as compared to Cqe
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Figi 3473+ Effect of 502 fumigation on (A) foliar
protein and (B) total free aminoacid content
~of Manilkara hexandra Dubard. (rayan)

C1 ¢ Neither exposed to 502 nor treated
with ascorbic acid (AA)

02 ¢ Exposed to 802 but not treated with AA

e
[

¢ Exposed to 502 and treated with
10 pmoles of AA

T2 ¢ Exposed to 802 and treated with
100 umoles 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

802 exposure, At 60, 120 and 180 days protein
content was 6.5%, 11.3% and 10,3% less than C, respectively,

(Fig,3.7.3.A.).

(vii) Effect on total free aminoacids : 802 exposur e

increased the total free aminoacids in the foliar tissues of
c, plants, At 60, 120 and 180 days it was 8.3%, 28.5% and
52.5% higher than C1 respectively.

In T, also, the total free aminoacids showed increasing

1

trend with increasing 802 exposures. The percentage increase
was 9,1, 23.5 and 45,2 as compared'to C, at 60, 120 and 180

days respectively,

In TZ’ it was very close to C1 at 30 days, but it
accumulat ed more than C1 with further exposures. At 120 and
180 days free aminoacid content was 18.1% and 33.1% higher
than C,. (Fig.3.7.3B).

(viii) Effect on total goluble sugars : In C, plants it

reduced sharply with increasing 0, exposures, At 60, 120 and
180 days the percentage reduction was 5.6, 14.5 and 27.4 as

compared to C1 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 C1.
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In TZ’ at 30 days slight increase over C1 was recorded
in soluble sugar content. In subsequent exposures it reduced
significantly. At 120, 150 and 18C days the percentage
reduction was 10.5,‘14.4Wand 12.1 as compared to C4
respectively: (Fig.3,7.44.).

(ix) Effect on foliar sulphur : Increase in foliar sulphur

content in 502 exposed plants was proportionate to the
inc reasing number of exposures, In CZ plants, it increased by
6.5%, 21.9% and 39,2% over C, at 60, 120 and 180 days

respectively.

In T, plants, at 60, 120 and 180 days the foliar sulphur

1
content was 7.2%, 19.4% and 35.7% higher than C, respectively.

In T2

accumulation was 5.9, 15.1 and 20.6 respectively at 60, 120

plants, the percentage increase in sulphur

and 180 days. (Fig.3.7.4B.).

3.3.2,2. Amelioration of S0, effect by ascorbic acid

2
treatments :

In rayan, 100 pmoles ascorbic acid treatment (TZ) showed
slgnificant mitigating effect than 10 pmoles ascorbic acid
treatment (T,). -

(1) Effect on chlorophyll a : In T, plants chlorophyll a
content was slightly higher (2,42%, 4.6% and 4.1%) at 60, 120
and 180 days than C2 plants.



Figd.7.4, Effect of SO, fumidtion on (A) total soluble
sugars and (B) sulphur content of Manilkara
hexandra Dubard. (rayan)
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In T2, 7.39% increase over 02 was observed at .30 days.
At 150 and 180 days, chlorophyll a content was 14.4% and 19, 2%
higher than C, respectively. (Fig.3.7.%.).

(i1) Effect on chlorophyll b:InT,, at 30 days slight
increase (3.69%) over C, was noticed, but at 120 and 150 days
chlorophyll b level was very close to CZ‘ At 180 days it was

slightly higher (3.9%) than Cpe

In ‘I‘2 plants, 6.24% increase over C, was observed at
30 days. At 150 and 180 days chlorOphyil b content was
significantly higher (14,5% and 20,8% respectively) than
C, plants. (Fig..7.1.). |

(iii) Effect on carotenoid pigments : At 30 days, it was

4, 4% higher than C, in T, plants, but it was close to C, at

120 days. At 180 days carotenoids content was slightly higher

(3.8%) than Coe

In T,, the carotenoids content recorded at 60, 120 and 180

2’
days was 5.46%, 4.05% and 17.2% higher than C, respectively.

(Fig.3.7.1.).

(iv) Effect on foliar 3§corbic acid : In T, plants ascorbic

acid content was observed more or less close to C, plants. At

180 days, it was 4.1% higher than C2 plants.

In Tz, ascorbic acid content was always recorded higher
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than C,. At 60, 120 and 180 days, it was .7.84%, 7.72% and
17.9% higher than C, respectively. (Fig.3.7.2,).

(v) Effect on foliar protein : In T,, protein content
was close to 02 upto 90 days., Amelioration effect was
significently reflected at 180 days, i.e. it was 10. 1% higher

than C, in T1 plants.

2

In T2, protein content was recorded higher than 02. At
30 days it was 6.75% higher than C,, At 120 and 180 days the
percentage increase was 11.04 and 18,8 respectively, '

(Fig.3.7.3A.).

(vi) Effect on total ;ree aminoacids : In T, plants total

free aminoacid content was close to 02 upto 60 days. The
accumulation of free aminoacids slightly decreased (3.89% and

4,8% respectively) at 120 and 180 days as compared to Coe

In Tz, the accumulation of free aminoacids decreased by
3.79%, 7.78% and 12.7% at 60, 120 and 180 days as compared to

C. respectively. (Fig.3.7.3B.).

2

(vii) Effect on total soluble sugars : In T, plants, the

soluble sugar content was recorded always close to C, plants,

In TZ’ soluble sugar content was higher than CZ' At 90,
150 and 180 days, the percentage increase over 02 was 5.02,

9.88 and 21,1 respectively, (Fig.J3.7.4A.).
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(viii) Effect on foliar éulphur : In»T1 plants the

sulphur accumulation was very close to 02 upto 90 days. At

120 and 180 days it was slightly less than C?.‘

InT, plagts, sulphur accumulation was reduced by 4,63%,
8.28% and 13.36% at 90, 150 and 180 days as compared to C
respectively. (Fig.3.7.4B.).

2

3.3.3., SYZYGIUM CUMINI SKEELS (JAMUN)

3.3.3¢i. Effect of sulphur dioxide

(1) Effect on foliage : In jamun, no visible symptoms were

observed upto 60 ppmh'1 of accumulative Soz‘equsure.

(ii) Effect on chlorophyll a : The chlorophyll a pigment

gradually decreased in the 02 plants with increasing number of
802 exposures. At 60, 120 and 180 days, it was reduced by 6.6%,
13.3% and 23.7% as compared to C, 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 Cy respectively,

In TZ plants, initial increase in chlorophyll a content
(3.3%) was noeticed éf 30 days, but in subsequent exposures it
decreased, as compared to C1, At 120 and 180 days, the reduction
was 8,26% and 11.4% respectively. (Fig.3.8.1.).



Fig.3+8e1¢ Effect of 502 funigation on photosynthetic
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(ii1) Effect on chlorophyll b : At 60, 120 and 180 days,
chlorophyll b content in C, plants was 5.1%, 13.9% and 30.9%
less than C1.

In ‘I‘1 plants, chlorophyll b content was reduced by 6,6%,

11. 4% and 20,7% as compared to 4 at 60, 120 and 180 days

respectiveiy.

In T2

s slight increase (3.7%) over C1 was recorded at 30
days, but it declined with further‘exposures. Maximum reduction

(11.5%) recorded at 180 days. (Fig.3.8.1.).

(iv) Effect on carotenoids : This pigment was comparatively

less affected by SO2 exposures in 02 plants., After. exposure of
20 ppmh'1 accunulative 802 dose, it decreased 3.1% in 02
plants as compared to C1. At 120 and 180 days it was 12.1%

and 18,04% less than C, respectively. (Fig3.8.1.).

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-C1

regpectively,

In T2 plants, at 30 days; 4.8% increase over C, was
recorded and at 60 days it was close to C1. The carotenoids
level declined by 6.1% and 9,.1% at 120 and 180 days
respectively. (Fig.3.8.1.).

(v) g;féct on ascarbic acid : SO2 exposures decreased

the ascorbic acid level in C, plants. It decreased 7.2%, 17.7%



Fig.3.8.2 Effect of SO, fumigation on foliar ascorbic

acid
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1

and 29.3% in C, plants, after exposing to 20, 40 and 60 ppmh”~

2
accumulative SOz;dose respectively,

Increase in ascorbic acid was (4.0%) recorded at 30 days
in T1 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 C, respectively.

In T,, at 30 days 5. 2% increase over C, was recorded
and at 60 days ascorbic acid content was close to Cq- A%
120 and 180 days, the reduction was 9.37% and 13,1% as
compared to C, respectively. (Fig3.8.2.).

(vi) Effect on foliar protein : Foliar protein content

decreased sharply with increasing 502 exposures in 02 plants,
At 60, 120 and 180 days the percentage reduction was 8.0,
20.16 and 27.6 respectively,

In T1 also degradation of protein due to 802 exposure
was evident., The percentage reduction was 7.9%, 21.3 and

22.9 at 60, 120 and 180 days respectively,

In T,, slight increase in foliar protein (3.0%) was
noticed at 30 days, but due t6 the ihcrease in SO2 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 C, (Fig.3.8.3.A.). o
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(vil) Effect on total free amincacids : Significant

increase in free sminoacid content was recorded in 02 due to
802 exposures. At 60, 120 and 180 days the accumulation was

11.0%, 23.4% and 42,5% higher than (:',I plants respectively.

In T, plants, the total free aminoacids increased 10, 7%,

26.2% and 38.9% over C, at 60, 120 and 180 days respectively.

In Tz, the percentage increase in free aminocacid content
at 60, 120 and 180 days was 7.5, 18.4 and 24,2 respectively,
(Fig.3.8.3B.).

(viii) Effect on tota:_b___s‘olﬁble sugars : At 30 days,

there was not much change in soluble sugar content in 02
plants as compared to C1, but it decreased with further SOZA
exposures. 11.3% and 22, 17% reduction was recorded in C2 at

120 and 180 days respectively,

In ‘I.‘1 plants, at 30 days scluble 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 C, respectively.

In T,, soluble sugar content was less affected upto 60
days. At 120 and 180 days‘ it was 8.7% and 7.4% less than o
respectively. (FigJ3.8.4A.).



F493.8.3. Effect of SO, fumigation on (A) foliar
protein and (B) total free aminoacid content-
of Syzygium cumini Skeels (jamun)
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Fig.3+8e4s Effect of SO, fumigation on (A) tosal soluble
‘ sugars and (B) sulphur content of Syzygium
cumini Skeels-(jamun)

C1 ¢ Neither exposed to 502 nor treated
with ascorbic acid (AA)

C2 ¢ Exposed to 502 but not treated withAA

T1ﬁ‘:Epposed to 502 and treated with
10 pmoles of AA-

X T2 $ Exposed to 502 and treated with
100 pmoles of AA. '

(Vertical bars represent standard
deviation)
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(ix) Effect on sulgh&r‘dcntent : Foliar sulphur content
increased in C2 plants with increasing number of 802
exposures., At 120 and 180 days, sulphur content in 02 was
19,0% and 34.5% higher than Cy respectively.

In T1, it was close to C1 at 30 days. The sulphur
accumulation increased by 11.1%, 23.9% and 30.3% over c, at

90, 150 and 180 days respectively.

In T, plants, foliar sulphur content was 7.6%, 14.5% and
3.
18.7% over C, at 90, 150 and 180 days respectively, (Figus.h.B.).

3.3.3. 2. Amelioration of S0, effect by ascorbic acid

2
treatments :

In Jjamun, SO2 effect was mitigated more by 100 ypmoles

ascorbic acid concentration (Tz) than.10)pmoles treatment (T1).

(1) Effect on chlorophyll a :In T, plants chlorophyll a

content was recorded more or less close to 02 upto 90 days.
At 150 and 180 days it was slightly higher (2.6% and 3, 4%
respectively) than Coe

In Tz, chlorophyll a content recorded was always higher

than C, at all the ages, At 60, 120 and 180 days it was 4.9%,

2

5.8% and 16.0% more than C, respectively, (Fig.3.8.1.).

2
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(ii) Effect on chlorophyll b : In T,, this pigment also
exhibited similar trend as chlorophyll a., At 120 and 180 days.
it showed slight increase (2.9% and 2, 4% respectively) over Coe

In T2, it increased by 3., 2%, 8.8% and 11.8% over C, at
60, 120 and 180 days respectively. (Fig.3.8.1.).

(iii) Effect on carptenoids : In T, plants, it was very
close to Cy plants upto 60 days. At 120 and 180 days the
carotenoids content were recorded slightly higher than

(3.6%, 2.4% respectively) C, plants.

In T2 plants it was 7.3% higher than C, 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 Aégco;bi‘c' »ac_i_._q_ : In T, plants, 7.9%
increase over (':2 was noticed at 30 days, whereas at 120 and -

1éo days it was 3, 2% and 3.8% respectively.

In TZ’ ascorbic acid content recorded was always higher
than Co. At 60, 120 and 180 days the percentage increase over

C, was 6.4, 10,2 and 22.9 respectively.(FigJ3.8.2.).

2

(v) Effect on Efd‘tein : In T1 plants protein content
recorded was more or less close to 02 plants upto 120 days.
At 150 and 180 days it was 3.0%, and 6.5% higher than C,

respect ively.
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In T, plants, foliar protein content increased by 5.6%,

2
10.5% and 21.1% over C, at 60, 120 and 180 days respectively,

2
(Fig.3.8.3A.).

(vi) Effect on total free aminoac_j:dé : In T, plants, the

accumulation of free aminoacids was observed ¢lose to C2
plants. At 120 and 180 days it was slightly less (2.9% and
2. 5% respectively) than C‘2.

- In ‘1‘2 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 C,. (Fig.3.8.3B.).

(vii) Effect on total sdluble sugars : In T,, soluble sugar

content increased by 5,2% and 4,3% at 30 and 60 days
respectively, but at 120 days it was close to 02. At 180 days,
it was 4, 24% higher than C,.

In T,, at 30 days it increased by 5.0% over C,. At 90,

2’
150 and 180 days, the percentage increase was 3.4, 11.5 and

18.9 respectively. (Fig..8.44.).

(viii) Bffect on sulphur : In T, plants foliar sulphur
content recorded was more or less close to the C, plants upto
120 days., It decreased slightly (2.3% and 3. 1% respectively),
at 150 and 180 days as compared to CZ‘
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In T2 plants, accumulation of sulphur was close to 02

upto 60 days. At 120 and 180 days it decrzcsed by 7.5% and
11.8% respectively., (Fig.3.8.4B.).



