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ABSTRACT

Haak (Brassica oleracea) was screened for i1s resistance
against sulphur dioxide. On treatment of plant leaf discs with
different concentrations of aqueous sulphur dioxide under
illumination for 4 hours, the plant showed a decrease in total
chlorophyll content but 2 general mcrease in carotenoid and
phaeophytin was observed In case of free sugars and starch
content, sugar content showed a decrease and there was
increase in starch content with maximum increase ot lower
concentrations of sulphur dioxide. Total phenolics showed
u slight increase. Totel protein content showed a marked
decrease and similar trend was observed for amino acids
with maximum decrease at lower concentrations of sulphur
dioxide
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INTRODUCTION

Air pollution is a problem being aggravated since 1950 in all parts of the
world. The major sources of air pollution are industries, thermal power generations
and fossil fuel driven vehicles. Examples of traditional air pollutants include
sulphur dioxide, nitrogen oxides, carbon monoxide, hydrocarbons, volatile organic
compounds, hydrogen sulphide, peroxy acetyl nitrate and particulate matter
Sulphur dioxide s reported as the most widespread phytotoxic air pollutant both
in India (Kumar and Prakash, 1977, Pavgi et o/, 1991) as well as in other parts of
the warld (AL, 1993, Vesala e/ al,, 1993; Noji e af,, 2001, Hao er al, 2002,
Ganai ¢f al, 2007 and Dar er af,, 2008), Sf_'ll= 18 & colourless, corrosive, non-
flammable gas with irritating and pungent odour. 1t 15 highly soluble in water
(22% by weight at 0°C) and is ionized in a manner depending upon the pH of the
solution, At pH 7 0, it exists largely in the form of bisulphite and sulphite 1ons
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(Puckett e/ @l, 1973) Sulphur dioxide has direct effects on vegetavion These
effects cause temporary and permanent injury to the plant/vegetation The effect
of §0, on vegetation have been well reviewed in terms of foliar injury and
physiological and biochemical alterations (Malhotra and Khan, 1984, Amer ¢/
al , 1989, Anuradha e¢f a/., 1999; Krupa ef al | 2001, Vorobeichik, 2002, Agrawal
ef al, 2003: Yi et al , 2005) Sulphur dioxide is reported to interfere with the
structure and permeability of cellular membranes and with enzyme acuvity, which
affect many biochemical processes in the cell (Thomas er al , 1950, Wellburn er
af , 1972) In this paper we present the response of Haak (Hrassica oleracea ) to
50, stress

MATERIALAND METHODS
Fresh young leaves of Haak (Srassica oleracea) grown during the 2005-
2006 growing season were used as the starting material for chemical evaluation
of vegetation for SO, resistance

(1) Sampling of tissue
Fresh young leaves of the plant were collected, washed, and patted dry, cut
into pieces, weighed and used for the preparation of homogenate 10% (w/
v) homogenate was prepared by homogenizing a weighed sample of plant
lenves in a measured volume of distilled water, The homogenate was
centrifuged at 5000 rpm for 10 min. The supernatant was carefully decanted
and subsequently used for various estimations

(1) Treatment of leal discs with aqueous sulphur dioxide

1g of leal discs of equal dimensions (lem dia) from Haak (Hrassica
aleracea), were treated with different concentrations of aqueous sulphur
dioxide for 4 hours’ in glass petridishes under light provided by a 100 W
tungsten electric bulb. Different concentrations of aqueous SO, used were
250ppm, 500ppm, 750ppm and 1000ppm. Parallel control was also run. After
4 hours, the experimental and control leaf discs were separated, washed,
patted dry, weighed and 10% (w/v) homogenate was prepared

(1i1) Estimation of pigments
Chlorophyil, phacophytin and carotenoids were extracted in 80% acetone
and estimated spectrophotometrically according to the methods of Strain e
al. (1971),Vernon (1960) , Duxbury and Yentech (1956) respectively
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(iv) Estimation of proteins
Protein concentration was determined by the method of Lowry eral (1931)
Absorbance change was monitored on ELICO SL-27 spectrophotometer

iv) Estimation of Carbohydrates
The estimation of free sugars was done by Phenol-sulphuric acid method
given by Montgomery ( 1982)

{vi) Estimation of amino acids
Estimation of amino acids was carried out by the method of Lee and
Takahashi (1966)

(vir) Estimation of Starch
Estimation of starch was done by the method of Agarwal er af (1982)

{vitl) Estimation of Phenolics
The estimation of phenolics was carried out by the method given by Malick
and Singh (1980)

RESULTS
The effect of sulphur dioxide on lzaf discs of Hank (Srassica oleracea) was
evelugted in terms of effect on its biochemical parnmeters

I.  Effect of different concentrations of aqueous sulphur dioxide on
photosynthetic pigments of the (Brassica eleracea)
Table | shows the effect of different concentrations of aqueous sulphur
dioxide on total chlorophyll, total phacophytin and total carotencids. A
general decrease of chlorophyll content was observed in the plant at all
concentrations, [n ¢ase of total chlorophyll, a decrease of 5§ 22%, 12.62%,
1.85 %, and 5 29% was observed at 250ppm, 500ppm, 750ppm and [000ppm
respectively as compared with control.
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Table 1. Effect of different concentrations of aqueous sulphur dioxide on

pigment content in leaf discs of ABrasyvica oleracea
Parameter Concentration (pjm)

Caontral 250 S0 T30 i

Total Chilorophyll 1. 19061 I 1320 05 | 6390 002 | I6T&002% | 12620028
{pghind) (<527} {=1262) (=] %3} {529
Tatal phacophytin 1. 7090048 | 487=00%6 15020038 17120067 1 T2e006
(pg/ml) {+11.88) i+12.42) [+18.53) (+28.61)
Curatenolds 81«0 021  O8F£003 0DRIE002T 1 0R20.03% 10732003
(gmi} [+ 10.01) [+3 8} (=11.24) (=331.2)

Dinta represent the avernge of three samples aipolveed sepurutely o 8.0
Valusw in bruckets represent % degrenis {-) vompared lo contiols

A general increase was observed for total phaeophytin and total
carotencids. At 250 ppm, SO0 ppm, 750 ppm and 1000ppm, an increase of
11.88 %, 12.52 %, 28 53 % and 2525 % respectively was observed, as
compared with control, in pheeophytin content In case of total carotenoids,
values again showed an increase of 10.03%, 9 8%, 33.24% and 31 30% al
250ppm, 300ppm, 750ppm and 100Dppm respectively, ms compered with
control

Il Effect of different concentrations of agqueous sulphur dioxide on total
free sugars, starch  and phenolics.

Table 2 represents the information about the total free sugars, starch
and phenolics in treated and control leaf discs of (Brassica oleracea)
Table 2,  Effect of different concentrations of agueous sulphur dioxide on free sugar
content, starch and phenolics in leal discs of Brassica oleracen

Parnmeter Coneentiation (i)

Contrul 150 Sk T80 (RO
Free sugnrs 0. 04320,007 O 1350005 01420007 01140004  0,12020 0043
g} {-3:39) (=006 i=20.27) (=16 08
Starch 0146007 01982003 D 1840004 0 )66 006 0 ] 5620 (08
gl md § (=3861) i+26.02) i*13.68) =i B4}
Phenolics 0038=0.004 QOF5=0.0035 00390 004 00620 005 (G640 008
{mgmij =1.72) (+1.72) [+0, K9} (+517)

[etn pepresent e avesage af (hree anmpies analvasd sepuriicly = 5 12
Walirsd in brackets reprosent Solisoresse (0, of Yo decrense ) compared 1 conbala
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In case of free sugars, a decrease of order ag §.59%,0 69%, 20 27%
and 16 08 %was observed at 250ppm, 500ppm, 750ppm and 1000ppm, and
an increase of 35 61%, 26.02%, 13 69% and 6.84% respecuively was
observed for starch content, as compared with control Total phenolics
showed a slight increase of 1.72%, 1 T2%, 6.89% and 5.17% at 250ppm,
500ppm, T50ppm and 1000ppm respectively, as compared with control

11l Effect of different concentrations of aqueous sulphur dioxide on proteins
and amino acids
The effects of different concentrations of aqueous sulphur dioxide on
protein content and free amino ecids of leaf discs of (Brassica oleracea) are
shown in Table 3. Total protein content showed a decrease and was of order
20.38%, 35.10%,39.08% and 35 51%. On the other hand, in case of total
free amino acid content, a decrease of 68 63%, 7 46%, 16.41% and 93.97%
was observed respectively at 250ppm, 500ppm, 750ppm and 1000ppm, as
compared with contral,

Table 3, Effect of different concentrations of agueous sulphur dioxide on
the protein content and amino acids in leal dises of Brassica oleracen

Parameter Concentration (ppm]

Contiol 2150 Sl TaU (IR
Proteins 2.45¢0.115 1.734007  1.59=0,063 | 4940053 | SBx0.063
(migfmly (-2%.38) {=35.10) (=35 .08) (=15.51)
Amine acidy 01144006 0.042:0.004 O 124=0 05 0,1012=0 004 G840 06
{mg/ ml) (=6K.65) (-7 4463 (=640 (+#3.97)
Dats represent the aversge of three samples analvzed scparalely = 50
Vilues m brachels represenl % mncremie (4], or % decrexse §-) compared Lo oosiiiols

DISCUSSION

Sulphur dioxide is highly phytotoxic czusing much damage to plants and
hence much loss of productivity. The multiple effects of sulphur dioxide/ sulphite
on metabolism include chlorophyll destruction 1.e. photosynthetic pigments
{Vogelmann and Borret, 1988) and interference with vanous enzyme activities
(Niewiadomska ef al., 1997) These initiate peroxidative processes leading to
destruction of plant components. In our studies chiorophyll content got decreased
which ¢ould be due to the formation of sulphurous acid {'HIEDJ, formed by the
combination of sulphur dioxide with water in the plant tissue. This H.50,
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dissociates into H™ and HSO, ions, which cause degradation of chlorophyll by
displacing Mg* ions by free H' ions (Rac and Le Blanc, 1966) And opposite
trend for phacophtin and carotenoids was observed

Sulphur dioxide/ sulphite exposure affected the starch content and free sugar
content of plant leaf discs under study There have been found to be a gencral
increase in starch content and decrease in free sugar content This could be due to
the wider opening of stomatal apparatus for a longer duration in presence of
sulphur dioxide as reported by many workers (Mansfield and Freer-Smith, 1984,
Bytnerowicz and Andrzej, 1996) The decrease i free sugars could be due to the
destruction of chlorophyll which adversely affects the rate of photosynthesis
because of the competition between CO, and S0, for the carboxylase enzyme
(Ziegler, 1973)

Phenolics play an important role in the defense of plants against infection
and their contents may vary during injury. In our studies, a slight increase in total
phenolic content was observed. Practically in all higher plants, phenolics are
formed from shikimate via shikimic acid pathway (Kainulainen ef af , 1995) 50,
might may be stimulating the enzymes necessary for the production of secondary
metebolites (Raza and Gouri, 1996, Wu er al,, 1959}

Studies on changes in protein contents as a result of sulphur dioxide exposure
revealed that the protein content increased at low levels and decreased at high
concentrutions (Spruged ef al., 1980, Prasad and Rao, 1981, Saxe, 1983} It s
enrlier reported that a continuous shart term fumigation of plants with higher
concentration of sulphur dioxide leads to a decrease in the protein content of leaf
\Godzik and Linsken, 1974, Malhotra and Sarkar, 1979) Higher concentration
of sulphur dioxide may break enzymes and proteins with disulphide bonds into
thiosulphonates and thiols, Changes in amino acid content, inactivation of enzyme
in the sulphur dioxide treated plant leaf discs may be responsible for the decrease
in protein synthesis (Prasad and Rao, 1982). The decrease could also be due to
loss of ultrastructural organization of leaf cell and destruction of ribosomes
(Mlodzinowski and Bialobok, 1977; Scikkel: and Tuovinnen, 1979)

Changes in the level of amino acid after sulphur dioxide exposure may be
due to the disturbances in the synthesis of amino acids or proteins, as sulphur
dioxide affects the whole mitrogen metabolism of plants (Godzik and Linskens.
1974}, The decrease in total amino acid content as obsérved In our study may be
due to the utilization of more and more amino acids content for protein synthesis
The decrease in amino acid pool could be due 1o the destruction of various amino
acids like methionine and tryptophan during aerobic oxidation of sulphite (Yang,
1973).
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