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Abstract:

Effect of different SO, concentrations on the reducing sugar content in the leaves of three economically important plant
species, viz., Solanum esculentum (= Lycopersicon esculentum )[Tomato], Vigna radiata (Mung bean) and Zea mays
(Maize) was studied . Controlled fumigation experiments were carried out using three different treatments of SO, : T-1 =
0.05 ppm(134.0ug m™ SO,) [x 4h], T-2 = 0.1 ppm(268.0 ug m> SO,) [x 2h] and T-3 = 0.2 ppm(536.0 ug m> SO;) [x 1h]
for 60 days. In Maize, the exposure period was extended to 75 days. All the three plant species recorded an increase in
sugar content following SO, exposure. Maximum increase in reducing sugar content was observed in S.esculentum, followed
by V.radiata and Z.mays . Changes in reducing sugar content seems to point towards a shift in the energy budget in order to
make energy readily available for repair/replacement of tissue damaged by SO, toxicity. Reducing sugar content can be
used as a reliable indicator of the metabolic stress state of plants in the absence of any visible injury symptoms.
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1. Introduction

Sulphur dioxide has been recognized as one of the most potent phytotoxicants, capable of causing extensive damage to vegetation.
Despite a decline in global SO,-emissions in the past decade [i], India has recorded and increase of this pollutant by over 70% during
the same period.

Plant responses to SO,-exposure are complex and involve a series of physiological and/or biochemical changes occurring at the
cellular level. Such changes may well serve as primary indicators of latent plant injury and include gross alterations in enzyme
activity, lipid biosynthesis, amino acid and chlorophyll content, inhibition of photosynthetic processes, volatile emissions, and energy
translocation[ii-viii]. Among others, reducing sugars seem to be a useful parameter to assess metabolic disorders caused by SO,-stress.
Present investigations on three economically important plants were made to study the levels of soluble vis-a-vis the mechanisms of
plant tolerance to SO, -stress.Significance of individual and interactive effects of SO,concentration and exposure time upon the
reducing sugar contents has been analyzed by statistical regression model.

2. Material and Methods

Three economically important cultivated plant species viz., Solanumesculentum [Tomato],Vignaradiata (L.) Wilczek [Mung bean],
and Zea mays L. [Maize] were grown from seeds in the nursery. Fifteen-day-old seedlings of these plants were subjected to different
SO, treatments through an artificial fumigation system. Sulfur dioxide was generated by bubbling Na,S,0s in water and circulated in
closed-top fumigation chambers (1 x 1 xIm= 1m3) at temperatures ranging between 25-29°C + 1°C and at a RH of 60 = 5%. Two
200W metal halide lamps were used for illumination with a light/dark cycle of 12/12 hours.

2.1. Treatment protocols of SO,

T-1=0.05 ppm (134.0pg m™ SO,) [x 4h], T-2= 0.1 ppm(268.0pg m™ SO,) [x 2h] and T-3 = 0.2 ppm(536.0ug m™ SO,) [x 1h] for 60
days, thus keeping the SO, dose constant. V. radiata was fumigated for only 45 days. Controls( C ) were maintained simultaneously
by exposing the plants to air alone.

2.2. Estimation of Reducing Sugars

Fresh leaf tissue (0.2g) was homogenized with 80% aqueous ice cold ethanol. The homogenate was centrifuged at 1500 x g for 15 min
in a K-24 refrigerated centrifuge. The final volume of the supernatant was made up to 10.0 ml with ethanol. Reducing sugars in the
leaf tissue were estimated by the anthrone reaction. A blue-green complex was formed after treatment of the samples (5.0ml) with
10.0ml of 0.2% chilled anthrone reagent. The extinction E was measured at 620nm with a Spectronic 20 spectrophotometer.
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2.3. Statistical Analysis

Analysis of variance (ANOVA) and multiple regression analysis were employed to test the significance of individual as well as
interactive effects of SO, concentration (ppm) and the exposure time (h) upon total chlorophyll content. The relationship between
these variables was calculated with the help of an empirical (statistical regression) model and correlation coefficient (R ).
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Figures 1-3: Significance of Factorial Effects

3. Observations

Reducing sugars of leaves of all the three plant species were found to increase following SO,exposure. However, maximum increase
in reducing sugar content following SO, fumigation was recorded in S.esculentum, followed by that in V.radiata and Z.mays
respectively.

InS.esculentum increase in reducing sugars was maximum in Treatment T- 3 followed by that in Treatments T-2 and T-1. Maximum
increase in sugar contents after 60 days of fumigation were calculated at 57.35%,49.62% and 31.60% for the treatments T-3,T-2 and
T-1 respectively (Table 1; Fig.1). V.radiatawas subjected to SO,—fumigation for 45 days only. The treatment T-3 showed maximum
increase in reducing sugar content (40.02%) after 45 days. Treatments 2 and T-1 recorded a maximum increment of 31.63% and
24.30% respectively for the time period. (Table 3; Fig.2). In plants of Z mays reducing sugar content in T-1 increased by
5.38,6.53,9.34 and 12.12 percent over the controls following 15, 30, 45 and 60 days of SO, fumigation respectively. There was some
increment in the sugar content in plants subjected to T-2 (maximum of 29.24% after 60-day fumigation). The T-3 treatment showed a
30.09% increase in the reducing sugars over 60 days of SO, exposure (Table 5; Fig 3).

Statistical analysis reveals that in S.esculentum, all factors viz., SO,. fumigation period , and their combination (SO, treatment X
fumigation period) exerted significant effects (P=0.25-0.001) on the reducing sugar content(Table 1). Reducing sugars in V. radiata
were significantly affected by different SOstreatments (P=0.001). The fumigation period was of significance only till 30 days of
fumigation (P> 0.25). The combined action of factors (SO,x time) resulted in a significant increase (P= 0.001) in reducing sugars
(Table 3). All the SO,treatments, singly as well in combination with fumigation period exerted significant effect (P=0.001) on
reducing sugars in Z.mays. However, the effect was not significant by the fumigation period acting alone (Table 5).

Period of
Fumigation (Days) 15 30 45 60
Treatment Conc. Reducing Sugar Percent Reducing Sugar Percent Reducing Sugar Percent Reducing Percent
. Content (mg/g f Content (mg/g f Content (mg/g f Sugar Content
(ppm) Time (h) Increase Increase Increase Increase
wt.) wt.) wt.) (mg/g f wt.)

C-1
(0x4) 4.97+0.846 6.80+0.326 8.80£0.95 14.51£1.40
T-1

(0.05x4) 6.75+0.349 26.37 10.0+1.115 32.00 13.66+1.24 35.87 21.22+0.785 31.60
Cc-2
(0x2) 2.17+0.628 2.97+0.38 5.377+0.38 8.88+0.6983
T2

(0.10x2) 3.111+0.251 30.20 5.7£0.537 47.89 10.66+0.68 49.60 18.0+0.8498 50.60
C-3
(0x1) 4.97£0.349 6.8£0.326 8.810 14.51£1.408
T-3 34.60

(0.20x1) 7.50+0. 397 11.33+0.725 40.00 20.4+0 56.86 34.0£5.02 57.35

Table 1: Effect Of So, Treatments Onreducing Sugar Content In S. esculentum
Mean (£5SD) of 5 replicates C—1, C-2, C=3 : Controls [air x time (h)];
T-1, T-2, T-3 : Treatments [Conc. of SO, (ppm) x Exposure time (h)]
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3.1. Significance of Factorial Effects

Period of
fumigation 30
(Days) 15 45 60
Source of Sum of Mean Sum of Mean Sum of Mean Sum of Mean
Variation df Squares | Source F df Squares | Sources F df Squares | Sources F df Squares | Sources F
S0, Conc. 17 | 145227 | 141.98 " 17 | 3029.5 166.5 ** 17 | 7623.68 | 701.28 " 17 | 20298.7 | 1847.65 "
(ppm) 5.54 8.05 2.29 2.77
Exposure * 3k 3k 3k
26 | 135225 | 41.96 26 | 3094.73 | 231.73 26 | 7319.79 | 397.39 26 | 19492.6 | 1041.65
Time (h) 1.64 5.08 1.29 1.53
SO, Conc. ok ok *k ok
) 53 | 1519.84 | 209.55 53 | 3290.08 | 427.00 53 | 8327.48 | 1405.08 53 | 22019.0 | 3568.0
Exposure Time 8.16 14.84 4.58 5.25
Error 10 25.61 10 28.77 10 306.41 10 678.65
Table 2: Levels of significance : ** P < 0.1 ;* P <0.25
Period of
Fumigation 15 30 45
(Days)
TREATMENT | Reducing Sugar Percent Reducing Sugar Percent Reducing Sugar Percent
Conc. (ppm) Content Increase Content Increase Content Increase
Time (h) (mg/g f wt.) (mg/g f wt.) (mg/g f wt.)
C-1
(0x4) 8.2240.4365 8.35+1.40 15.204+2.16
T-1
(0.05x4) 9.11+1.14 9.76 10.57+1.16 21.00 20.08+5.09 24.30
C-2
(0x2) 5.66+0.533 5.42+0.92 7.11£0.74
T-2
(0.10x2) 6.53+0.961 13.32 7.64+0.81 29.00 10.4+1.83 31.63
C3
(0x1) 3.240.326 4.4+0.46 4.934+0.507
T3
(0.20x1) 3.68+0.412 13.04 7.240.65 38.80 8.22+1.22 40.02
Table 3: Effect Of So, Treatments On Reducing Sugar Content In V.radiata
Mean (£5SD) of 5 replicates C—1, C-2, C=3 : Controls [air x time (h)];
T-1, T=2, T-3 : Treatments [Conc. of SO, (ppm) x Exposure time (h)]
3.2. Significance of Factorial Effects
Period of 30
fumigation 15 45
(Days)
Source of Sum of Mean Sum of Mean Sum of Mean
. df F | df F df F
Variation Squares Source Squares Sources Squares Sources
S%)pcn(i;lc' 17 | 1556.23 76.83 0.87 | 17 2986.0 135.53 2.69%* | 17 | 7913.74 1153.42 | 3.2%%*
Exposure * ok
. 26 | 1592.57 103.17 26 2930.0 78.72 26 | 6921.87 161.51 0.46
Time (h) 1.17 1.56
SO, Conc. o o o
Exposure 53 1752.16 267.76 53 3116.0 264.56 53 | 8425.96 1665.63
. 3.05 5.25 4.61
Time
Error 10 0.0997 10 50.31 10 360.65
Table 4. Levels of significance : ** P < 0.1 ; * P < 0.25-0.50
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Period of
Fumigation
(Days) 15 30 45 60
TREATMENT Reducing Reducing Reducing Reducing
Conc. (ppm) Sugar Percent Sugar Percent Sugar Percent Sugar Percent
Tin'lelzﬂ) Content Increase Content Increase Content Increase Content Increase
(mg/g f wt.) (mg/g f wt.) (mg/g f wt.) (mg/g f wt.)
C-1
(0x4) 8.6610.249 10.26+1.13 12.31+1.33 13.77£1.05
T-1
(0.05x4) 9.13+0.0821 5.38 10.9340.67 6.53 13.46+1.48 9.34 15.44+1.73 12.12
C-2
(0x2) 2.68%+0.136 5.60+0.533 6.17+0.503 8.511+0.674
T-2
(0.10x2) 3.10+£0.251 15.67 6.60+0.461 18.92 7.64+0.397 23.82 10.931+0.067 29.24
C3
(0x1) 7.02+0.8350 10.31+0.806 13.46+1.48 15.13+£2.33
T3
(0.20x1) 8.22+1.13 17.06 12.440.65 20.27 16.80+0.730 25.90 19.68+1.97 30.09
Table 5: Effect of So, Treatments on Reducing Sugar Content INZ. mays
Mean (£5SD) of 5 replicates C—1, C-2, C=3 : Controls [air x time (h)]'
T-1, T=2, T-3 : Treatments [Conc. of SO, (ppm) x Exposure time (h)]
3.3. Significance of Factorial Effects
Period of
fumigation 30
(Days) 15 45 60
Sou f Sum of M Sum of M Sum of M Sum of M
V(;r;:tei(:)n df Sq:;r(;s 80:::e F df Sq:;r(;s Soueri[;s F df Sq:;r(;s Soueri[;s F df Sq:;r(;s Soueri[;s F
S%Jﬁfl;w‘ 17 | 259868 | 356.02 | 16.49%* | 17 | 502067 | 286.76 | 7,60%* | 17 | 7643.16 | 577.36 | 7.41%** | 17 | 11147.68 | 485.14 | 3.35%
?pos?s 26 | 225037 771 | 0397%* | 26 | 4755.82 21.91 0585 | 26 | 7143.32 | 77.52 0995 | 26 | 10796.97 | 134.40 0.93*
. 502 Cm:j 53 | 2627.97 | 38531 | 17.85%* | 53 | 507732 | 343.41 | 9.09** | 53 | 779857 | 73277 | 940%* | 53 | 11427.04 | 764.5 5.0%%
Xposure 11me
Error 10 21.58 10 37.74 10 10 14496

Table 6. Levels of significance : ** P < 0.1- 0.001 ; * P< 0.50

4. Discussion

Reducing sugar content of plants increased following SO, fumigation in all the three plant species investigated. Leaves of
S.esculentum, however, showed maximum increase in reducing sugars, followed by V.radiata and Z.mays Increment in reducing
sugar content in plants exposed to SO, has been reported by earlier investigators [ix-xi]. At the same time non-reducing sugars and
non-structural total carbohydrates and starch get reduces in response to SO, exposure[x, xii-xv]. Increase in reducing sugar content in
response to SO, -stress may be due to the breakdown of polysaccharides rich in reducing sugars. This trend is also indicative of the
functional changes in the energy budget of the plant as chemical energy needs to be made readily available for repair or replacement
of damaged plant tissue. This can be made possible either by keeping the products of photosynthesis within the leaves or by
translocating sugars from storage in stems and roots towards the leaves, thereby changing the sugar-starch ratio [x]. Increased
respiratory rate also reflects use of such energy during SO,-stress. Energy generated by enhanced respiration is used for the
detoxification of sulphite to sulphate or in repairing the tissue damage due to SO,-stress[xvi,xvii]. In addition, such plants also emit
volatiles, acetaldehyde and ethanol [iv].

Diversion of energy resources from building of new tissue to repair/replacement of damaged tissue logically causes a reduction in the
net productivity of plants. In the present study, plants of S.esculentum show maximum reduction in growth and productivity followed
by that in V.radiata and Z.mays as evidenced by biochemical studies, viz., chlorophyll content [vii,xviii] and total proteins[viii,xix].
In addition to providing respiratory substrates, changes in reducing sugar levels also have some protective role. Polyhydric sugars are
known to act as scavengers of the hydroxyl (OH") and superoxide (O, free radicals, thereby helping a plant to cope with increasing
abiotic stress [xx]. This is in addition to the enhanced activities of free-radical scavenger enzymes like peroxidases [ii] and Superoxide
dismutase —SOD [iii].Multiple regression analysis indicates a highly significant correlation between the damage caused by different
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SO, concentrations and the reducing sugar content in plants of all ages. The extent of increase in reducing sugars in SO,-fumigated
plants can thus be an indicator of the metabolic stress state of plants in the absence of any visible injury symptoms.
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