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Abstract:

Effect of different SO, concentrations on the peroxidase activity in the leaves of three economically important plant species, viz.,
Vigna radiata (Mung bean), Solanum esculentum (= Lycopersicon esculentum) [Tomato] 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. Although the
peroxidase levels in controls were highest in Z.mays, followed by V.radiata and S.esculentum, it was S.esculentum which
recorded maximum increase in peroxidase activity after SO, fumigation, followed by V.radiata and Z.mays. Enhanced peroxidase
activity is indicative of greater tolerance t0SO, stress.
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1. Introduction

Detrimental effects of SO, on plantsas a potent phytotoxicant have been well documented. A series of physiological and biochemical
changes precede the visible SO, -injury symptoms. These include alterations in parameters like contents of chlorophyll, proteins,
reducing sugars ascorbic acid, activities of free-radical scavenger enzymes like superoxide dismutase and peroxidases(POD) along
with the pattern of volatile emissions(Chauhan 1989a,1989b, 1990, 2015a,2015b, 2015¢, 2015d, Varshney and Varshney, 1985, Rai et
al. 2011, Singh et al. 2012).Among these, the peroxidases have been ascribed importance in order to understand the early effects of
chronic injury to plants by air pollutants. An increase in the level of peroxidases due to SO, exposure is thought to be indicative of a
plant’s potential response to this stress (Fridovich and Handler, 1961, Asada, 1080, Tanaka and Sugahara, 1980), POD, thus
constitutes a very sensitive indicator of plant response to air pollution stress, reflecting the so-called “hidden injury” (Keller and
Schwager, 1971). Present investigations on three crop plants also substantiate the notion that an increase in POD activity helps the
plant to resist SO, exposure stress by quantitative readjustment of intermediary metabolism. Among many others, increase in
metabolic potentiality for SO, resistance is achieved by faster SO, mobilization, stabilization of internal pH, and scavenging of toxic
H202.

2. Materials and Methods

Three economically important cultivated plant species viz., Vigna radiata (L.) Wilczek [Mung bean], Solanum esculentum [Tomato],
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 x1m=1™") 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 (134.0ug ™ SO,) [x 4h], T-2=0.1 ppm (268.0 ug ™ SO,) [x 2h] and T-3=0.2 ppm (536.0 pg ™ 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. Determination of Peroxidase Activity

The activity of peroxidases (POD: EC 1. 11. 1. 7) was determined according to the method given by Gasper et al., 1982. Peroxidases
from the three plants were extracted in different buffers, viz., 0.2 M potassium phosphate buffer (pH 7.8) for S. esculentum, 0.2M
potassium phosphate buffer (pH 6.0) for V. radiata, and 0.1M Tris-HCI buffer (pH 6.3) for Z. mays. Fresh leaves (0.2g) were
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homogenized in ice-chilled 5ml of the specific extracting buffer and later centrifuged at 16,000 x g for 20 min at 4°C in a K-24
refrigerated centrifuge. The clear supernatant so obtained was used as a crude enzyme extract.

200ul of the crude enzyme extract was added to 7.8ml of 0.2 M potassium phosphate buffer (pH 6.3). After adding 1.0ml of 1%
guaiacol solution, the contents were mixed thouroughly. 1% H,0O, (1.0 ml) was added to this mixture just prior to recording of the
extinction E, measured at 420 nm at 10 sec intervals. The blank was set with the mixture without H,O,. Peroxidase activity was
expressed in terms of conversion of guaiacol or H,O, per minute from the amount of tetraguaiacol produced under the assay
conditions. One molecule of tetraguaiacol developed corresponds to the conversion of four molecules of guaiacol and four molecules
of H,0,. The enzyme activity was represented as unit’s mg”' protein.

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 the activity of peroxidases. The relationship between
these variables was calculated with the help of an empirical (statistical regression) model and correlation coefficient I. This model
explains the relationship between chronic exposure to different SO2 regimes and plant response, as manifested by alterations in their
peroxidases. The empirical model is based on multiple regression. To facilitate the visualization of the regression fitting process, the
observations have been plotted in the form of a three —dimensional scatter diagram.

3. Observations

The activity of peroxidases (oxidoreductase EC 1. 11. 1. 7) increased gradually during development in the control plants. Enzyme
levels were highest in Z. mays, followed by those in V. radiata and S. esculentum. There was a significant increase in peroxidase
activity in response to SO, exposure in all the three plant species investigated. Following SO,-fumigation, S. esculentum showed
maximum increase in peroxidase activity, followed by V. radiata and Z. mays.

In S. esculentum highest increase in POD levels was recorded after 75 days of SO,- treatment T-3(92.04%), whereas the increment in
enzyme activity with T-2 in the same period was slightly lower (90.54%). Treatment T-1 resulted in an increase in POD levels by only
61.11% at the end of 60 days of SO,-fumigation (Table 1, Fig. 1).

Fumigated plants of V. radiata with treatment T-1 exhibited an increase of 39.42% after 45 days of SO,-exposure. The quantum of
increase in POD levels in T-2 and T-3 treatments on the same time period was 66.10 and 77.03% respectively (Table 2, Fig. 2).
Although the intrinsic levels of peroxidases in control plants of Zea mays were the highest (e.g., 182.40 unit’s mg™' protein), there was
least increase in enzyme activity in response to SO,-fumigation with respect to the other two species investigated. Highest increment
in POD activity after 60 days of SO,- treatment for and T-3 was recorded at42.78% (Table 3, Fig.3).

Data on peroxidase activity subjected to ANOVA indicates that the effect of fumigation period was significant in plants of all ages (P=
0.05).SO,-treatments in combination with fumigation period also exercised a significant effect (P =0.05-0.001). However, SO,
treatment alone was not significant (Tables 1-3).

4. Discussion

Peroxidase activity increased in all the three plant species fumigated with SO,. Similar increase in leaves of plants growing in areas
heavily polluted with SO, or under conditions of controlled SO,-fumigation have also been observed by Horsman and Wellburn
(1976), Pierre and Queiroz (1982), Khan and Malhotra (1982), Varshney and Varshney (1985) and Sarkar et al. (1986). High
concentrations of SO, have been shown to result in upto six-fold increase in peroxidase levels in many forest species.

Since peroxidase activity is known to increase under various stress conditions such as the influence of toxic gases, mechanical injury,
or attack by parasitic organisms (see Treshow,1984), and high enzyme levels are believed to be connected with manifold physiological
functions of these enzymes. This makes peroxidases good indicator of chronic injury in plants in the vicinity of large cities, this is
because SO, causes an increase in peroxidase activity much before the appearance of any visible symptoms of leaf injury. In the
present investigation, SO,-induced higher peroxidase levels are suggestive of their participation in protective mechanisms of plants for
the removal of H,O,. An increase in the peroxidase activity following SO, —exposure protects the plant on one hand by oxidizing
sulphite to sulphate, and on the other hand byscavenging the superoxide radical, formed due to initiation of sulphite oxidation in the
illuminated chloroplasts (see Asadaand Kiso, 1973). Higher peroxidase and superoxide dismutase levels are also thought to increase
with age of the plant, thereby increasing the cellular detoxification capacity (Rao, 1992). Present observations are amply corroborated
by a parallel increase in the superoxide dismutase (SOD) activities (Chauhan, 1989b) and reduction in ascorbate contents (Chauhan,
2015d) in these crop plants and alteration in the pattern of volatile emissions (Chauhan, 1990) which indicate a strong participation of
free-radical scavenger enzymes. Thus differential increase in peroxidase activity following exposure to SO, in the crop plants
investigated is considered to be a function of the resistance to the pollutant (see Rao and Dubey, 1990).
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Figure 3: Zea mays

Figure 1: Solanum esculentum

Figure 2: Vigna radiata

Figures 1-3: Significance of Factorial Effects

Period of
fumigation 15 30 45 60
(days)
Treatment Peroxidase Peroxidase Peroxidase Pero>'(1c.1ase
conc. (ppm) | Activit Percent Activity (W Percent Activit Percent Activity Percent
- PP cavity (H/ M2 | increase cvity (!‘L m2) | jncrease cavity (H/ M2) | increase (Wmg) increase
X time (h) protein protein protein :
protein
C-1 17.5£1.06
0x4) 12.50 £ 0.270 17.52 £0.1725 20.0+1.581
T-1
(0.05x 4) 25.10£0.0707 49.80 37.5+0.223 53.28 45+1.414 55.1 45+1.58 61.11
C-2
0x2)
T2
(0.10x 2) 67.4810.2167 81.47 112.30%7.07 84.42 171.2+1.09 83.31 18.51£3.53 90.54
C3
Ox1
T-3
0.20x 1) 112.5£0.707 88.88 116.25t14.14 89.46 208.0+14.83 90.38 220+12.24 92.04
Table 1: Effect of So, Treatments on Peroxidase Activity in S. esculentum
Mean ( £8D ) of 5 replicates C— 1, C—2, C—3 : Controls [ air xtime (h) | ;
T-1,T-2,T-3; Treatments [Conc. Of SO, (ppm) X Exposure time (h) |
Period of
fumigation 15 30 45 60
(days)
Source of dt Sume of Mean F dt Sume of Mean F af Sume of Mean F dt Sume of Mean F
variation squares source squares source squares source squares source
SO, Conc. ! 0.90 ! 0.95 ! 0.97 ! 0.98
(ppm) 9 | 585889 9502.8 9 | 134259.53 | 20908.854 | .. | 9 | 231916.1 36541.7 9 | 253296.8 | 4287492 | ...
Exposure Hok ok
241 560 2.95 302
Time (h) 14 | 7240044 | 23314.36 14 | 17129400 | 5794332 | %27 | 14 | 305909.4 | 110534.7 14 | 34209375 | 131671.87 | 7
SO, Conc. x
Exposure 29 | 94560.94 | 4247436 | 439 | 29 | 214112.65 | 100761.97 | 4.59 | 29 | 379915.00 | 1845403 | 4.92 | 29 | 428523.25 | 21810137 | 5.01
time
Error 6 9657.705 6 21909.996 6 37464.6 6 43554.58
Significance of Factorial Effects:
Levels of significance : ** P = 0.001 ; * P < 0.25
INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 48




www.ijird.com

December, 2015

Vol 4 Issue 13

Period of
fumigation 15 30 45
(days)
C:;iétggﬁi) Peroxidase Activity .Percent Peroxidase Activity .Percent Peroxidase Activity .Percent
X time (h) (Wmg) protein increase (Wmg) protein increase (Wmg) protein increase
C-1 30.0+1.414 50.2+0.9071
0x4) 10.4 +£0.961
T-1
(0.05 x 4) 12.6+0.418 17.46 47.31£1.303 36.57 82.54+0.1516 39.42
C-2
0x2)
T2
(0.10 x 2) 21.711£0.074 52.09 80.0%1.581 62.5 147.51£0.7071 66.10
C-3
Ox1
T-3
(0.20x 1) 35.7210.083 70.88 115.36x1.937 74.02 217.710.8366 77.03
Table 2: Effect of So, Treatments on Peroxidase Activity in V. radiata
Mean ( £8SD) of 5 replicates C— 1, C -2, C — 3 : Controls [ air xtime (h) | ;
T-1,T-2,T-3; Treatments [Conc. Of SO, (ppm) X Exposure time (h) |
Period (()g 2f;];ngz,’atlon 15 30 45
Source of variation df Sume of Mean F df Sume of Mean df Sume of Mean F
squares source squares source squares source
80: Cone. (bpm) | g | 9317776 678.186 | 098 | 9 |  980165.1 5794186 | %0 | 9 | 32059098 | 2284671 o
Xposure o
1.82 3.23
Time (h) 14 9796.068 1256.478 14 111644.65 19422.42 332 | 14 371618.51 73874.25
ek skek
S0 C°“‘;i‘1§eEXp°S“re 29 11165.26 262467 | 3.80 | 29 | 123288.84 31066.617 29 | 417322.85 119578.595 | 5.23
Error 6 690.006 6 5850.011 6 22857.62
Significance of Factorial Effects:
Levels of significance : ** P < 0.001 ; * P < 0.25
Period of
fumigation 15 30 45 60
(days)
Treatment Peroxidase Percent Peroxidase Percent Peroxidase Percent Peroxidase Percent
conc. (ppm) Activity (W/mg) increase Activity (W/mg) increase Activity (W/mg) increase Activity (W/mg) increase
X time (h) protein protein protein protein
C-1 120x1.0 182.414.56 107.48+0.083
Ox4) 60.0£1.581
T-1
(0.05 x4) 70.0+0.707 14.28 156.620.707 24.81 247.5+5.85 26.3 155.27£0.2190 30.96
C-2
0x2)
T2
(0.10 X 2) 78.4+0.8366 23.46 159.8%1.303 24.90 247.5+1.118 26.3 155.2510.270 30.96
C-3
Ox1)
T-3
(0.20x 1) 95.0+0.7071 36.8 175.020.707 31.42 270.2+2.86 32.59 187.511£0.041 42.78
Table 3: Effect of So, Treatments on Peroxidase Activity in Z. mays
Mean ( £SD ) of 5 replicates C— 1, C -2, C -3 : Controls [ air xtime (h) | ;
T-1,T-2,T-3; Treatments [ Conc. Of SO, (ppm) x Exposure time (h)]
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Period of
fumigation
(days)

15

30

45

60

Source of
variation

df

Sume of
squares

Mean
source

df

Sume of
squares

Mean
source

df

Sume of
squares

Mean
source

df

Sume of
squares

Mean
source

SO, Conc.

(ppm)
Exposure

150198.9

809.27

60872.3

1390.20

0.944
#%

1435972

862.65

ek

562974.77

1996.22

1.357

LS

Time (h)

14

152739.27

3349.64

sk

14

623385.6

15052.8

36.44

sk

1474676.4

39567

39.87

sk

586672.38

25693.80

17.47

sk

SO, Conc. x
Exposure
time

29

15394.6

5004.9737

591

29

624188.8

158560

38.39

29

1476531.3

41421.85

41.74

29

590139.27

29160.69

19.82

Error

413.0

6

992.25

1470.67
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Table 4: Significance of Factorial Effects

Levels of significance : ** P < 0.001 ; * P < 0.25
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