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Abstract
The activities of peroxidase, polyphenol oxidase and superoxide dismutase was significantly lower in roots and leaves of

NaCl stressed radish (Raphanus sativus L) plants. Addition of triadimefon to the NaCl stressed plants increased
peroxidase, polyphenol oxidase and superoxide dismutase activities, and thereby ameliorated the negative cffect of NaCl

stress.
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The primary effects of salt damage are the changes in
membrane permeability (Colmer er af. 1994). Ascorbate
peroxidase (AP), superoxide dismutase (SOD), and
glutathione reductases (GR) are implicated in the
protection of membranes from salt damage by scavenging
toxic oxygen radicals (Nakano and Asada 1981, Shaaltiel
and Gressel 1986). Activity of antioxidant enzymes has
been correlated with resistance to salinity (Kayupova and
Klyshev 1984). It has been reported that in Vigna and
Oryza scedlings, O.'-radical and H,O, could play an
important role in salt injury (Singha and Choudhuri
1990). Enhanced production of oxygen free radicals is
responsible for peroxidation of membrane lipids and the
degree of peroxidative damage of cells was contrelled by
the potency of peroxidase enzyme system (Sreenivasulu e
al. 1999). However, research concerning the effect of salt
stress on the activity of oxygen-related enzymes and
metabolites is still scarce.

The triazole compounds are known to protect plants
from the adverse effects of various stresses (Fletcher and
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Hofstra 1988) and may increase the antioxidant enzyme
activities (Kraus and Fletcher 1994). The ameliorative
effect of triadimefon [TDM; 1-(4-chlorophenoxy)-3,3-
dimethyl-1-(1,2 4-triazol-1-y1)-2-butanone], on  NaCl
stress has recently been demonstrated (Muthukumarasamy
and Panneerselvam 1997, Muthukumarasamy et af
2000). However the mechanism of amelioration is not yet
carried out, The present study is aimed at to elucidate
whether ameliorative effect of TDM is through its effect
on the activity of peroxidase, polyphenol oxidase (PPO)
and SOD.

The seeds of radish (Raphanus sativus 1. cv. 8) were
obtained from "Indo Amecrican Seeds  Exports”,
Bangalore, India. They were surface sterilized with 0.2 %
HgCl, solution for 5 min and thoroughly washed with
deionized water.

Earlier experiments indicated that 80 mM NaCl
reatment decreased the dry mass by 50 % over control.
Therefore this concentration was used for the induction of
stress. Similarly TDM at 15 mg dm™ concentration with

ABbreviarions: AP - ascorbate peroxidase. DAS - days after sowing, NBT - nitroblue tetrazolium, LC - electrical conductivities, GR -
glutathione reductases. PPFLY - photosynthetic photon flux density, PPO - polyphenal oxidase, RH - relative humidity, SOD -
superoxide dismutase, TDM - 1-(4-chlorophenoxy)-3.3-dimethyl- 1 -(1,2,4-triazol-yl)-2-butanone.
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80 mM NaCl exhibited the maximum ameliorative effect
on growth and dry matter production (Panneerselvam e/
al. 1997). Hence this concentration was used to study the
interactive effect of TDM and NaCl on enzyme activities.

The surface sterilized seeds were pre-soaked in
distilled water (control), 80 mM NaCl, 80 mM NaCl +
1Smg dm” TDM (Bayer's, Bangalore, India) and
15 mg dm™ TDM alone for 12 h and sown in plastic pots
filled with soil. Pots were irrigaied with the respective
treatment solution at 7-d intervals. Electrical conducti-
vities (EC) of the moistured with the respective solution
were 0.10 dS m™ (control), 12 dS m” (80 mM NaCl),
10dS m" (80 mM NaCl + 15 mg dm” TDM), and
1.13dS m" (15 mg dm™ TDM. The pots were irrigated to
the field capacity with deionized water daily and care was
taken to avoid lcaching of the salts.

The experiment was designed in a completely
randomised design with 40 replicates per treatment. The
positions of pots were change every 4 d, to minimise
spatial effects in thc greenhouse. The day length was
16 + 2 h with a PPFD of 870 + 60 pmol m™ s, maximum
/minimum temperature was 2822 °C and relative
humidity (RH) varied between 75 - 85 %. The plants were
harvested randomly at 13, 30, 45 and 60 d after sowing
(DAS). Vegetative phase of the plants persists up to 60 d
therefore, biochemical analysis were restricted up to that
phase.

The roots and leaves of radish were excised and 1 g of
fresh mass was ground with a pestle in an ice-cold mortar
with 8 em’ of 0.05 M sodium phosphate buffer (pH =
7.0). The homogenates were filtered through 4 layers of
cheese cloth and then centrifuged at 4 °C for 20 min at
15000 g. The supernatants were used for the assays of
enzyme activities, The protein content in the supernatant
was estimated according to Bradford (1976), using bovine
serum albumin as a standard.

Peroxidase (FC 1.11.1.7) and polypheno! oxidase (EC
1.10.3.1) activities were assayed adopting the method of
Kar and Mishra (1976). The assay mixture for peroxidase
contained 2.5 cm’ of 0.1 M phosphate buffer (pH = 7),
L em’ of 0.01 M pyrogallol, 1 em’ of 0.005 M hydrogen
peroxide and 0.5 ¢m’ of enzyme extract. Adding 1 cm’ of
2.5 N sulphuric acid stopped the reaction. Similar
procedure was followed for polyphenol oxidase (PPC)
except that H,O0, was not added in the assay mixture. The
amount of purpurogallin formed in peroxidase and PPO
activities were estimated by measuring the absorbance at
420 nm.

Superoxide dismutase (SOD) (EC 1.15.1.1) activity,
the bhasis of which is ils ability to inhibit the
photochemical reduction of nitroblue tetrazolium (NBT)
(Beauchamp and Fridovich 1971) was determined
according to the method of Giannopolitis and Ries
{1977). For SOD assay, the reaction mixture contained
50 mM Hepes (pH = 7.6), 0.1 mM EDTA, 50 mM
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Na;CO; (pH = 10.4), 13 mM methionine, 0.025 % (m/v)
Triten X-100, 75 uM NBT, 2 uM riboflavin and
appropriate volume of enzyme extract. The reaction
mixture was iluminated for 15 min an irradiance of
350 pmol m* 5™ Identical solutions that were kept under
dark served as blank. Absorbance by the reaction mixture
was read at 560 nm.

The data were analyzed using ANOVA. The
differences between treatments were evaluated by LSD at
the # = 0.05 confidence level using Tuckey's {1953) test.

Peroxidase activity was inhibited by NaCl stress and
the inhibition was higher in the leaves than in the roots.
Addition of TDM te the NaCl stressed and unstressed
plants incrcascd the peroxidase activity to a level higher
than that of NaCl stressed and controls plants (Table 1).
Similarly, uniconazole and paclobutrazol {triazole
compounds) protected cucumber (Upadhyaya et «l. 1989)
and maize seedlings (Pinhcro and Fletcher 1994) from
chilling damage and the stress protection was mediated by
an increase in antioxidants such as o-tocopherols and
ascorbate and enhanced activities of glutathione
reductase, peroxidase and catalase (Pinhero and Fletcher
1994}, Paclobutrazol also increased the ascorbate
peroxidase activity when compared with control in wheat
cultivars (Kraus er af 1995).

NaCl treatment significantly decreased PPO activity.
In TDM rtreated plants, PPO activity was increcased in the
roots and leaves of radish (Table 1). The peroxidase and
PPO are the two major enzymes responsible for oxidation
of phenolic compounds (Sheen and Calvert 1969). The
decrease in activity of PPO might induce an accumulation
of total phenols in the sall stressed plants as reported in
pear] millet by Das ef al (1992). The increased PPO
activity after TDM treatment might reduce the phenol
accumulation in the plant tissues under stress.

NaCl treatment caused a decling in SOD activity in
the roots and leaves of radish. TDM treatment to the NaCl
stressed and unstressed plants increased this activity, cven
above the level of control (Table ). SOD catalyses the
dismutation of superoxide anion radical {0,"), resulting
in the production of H,O, and O, (Winston 1990,
Smirnoff 1993). Inhibition of the SOD activity in the salt
stressed pea leaves was reported earlier (Hernandez ef af.
1995). The decrease in the SOD activily may cause the
accumulation of rcactive oxygen species that in turn
causes oxidative damage in the salt stressed radish. A
decreased SOD activity was also observed in the low
temperature  stressed  banana and  treatment  with
paclobutrazol increased the SOD activity and improved
tolerance o low temperature (Bivan er ol 1995)
Increased SOD  activity was also obscerved in
paclobutrazol treated wheat scedlings (Kraus et al. 1995).
It was suggested that damage causcd by stress, is in part
due to increased generation of active oxygen species and
paclobutrazol protects plants by maintaining increased
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Table 1. Changes induced by 80 mM NaCl, 80 mM NaCl + TDM (15 mg dm™) and TDM (15 mg dm™) an peroxidase, polyphenol
oxidase (PPO) and superoxide dismutase {(SODY activitics in radish. SOD activity was expressed alse in units per mg protein. One
enzyme unit was defined as the amount of enzyme required to cause 50 % inhibition of NBT rcduction as monitored at 560 nm.
Means marked by * and ** were significantly different at £ = 0.05 and 0.01, respectively. n=3.

Activity Type oftissue  DAS Control NaCl NaCl-TDM TDM LSD{f=10.05)
Peroxidasc Root 15 0.170 0.114%* 0.197%* 0.205%* 0.012
[U mg't(protcin}] 30 0.476 0.310%* 0.505%* 0.612%* 0.049
453 00.323 0.416%* 0,755% 0.923%* 0.101
60 0633 (0.493%+ 1.584* 2.224%* 0.132
Lcaf 15 0.327 0.183% 0.346 0.406% 0.048
30 0.870 0.512%* 0.921** (3.998%* 0.016
45 0.899 0,592+ 1.123%* 1.6 % 0.064
60 0.910 () 613%* 3.222%% 4 .635%* 0.135
PPO Root 15 1.330 0.540% 1.870%* 1.990%* 0.042
[U mg ' (protein)| 30 3.430 2.800%* 4.280%* 4 780%** 0.049
45 4.650 3.G30%% 7.620%* G 690%* 0.090
60 8.520 5720+ 12.440%* 15.920** 0.574
Leaf 15 1.560 0815 2.090%* 2 480%* 0.091
30 4.160 3.420* 4770 3.570%* 0.397
45 5170 4.400%* 10.960% 11.390** (.564
60 10.110 7.340%* 15.000%* 17.300%* (0.475
SOD Root 15 1.710 1010 2.390* 2.870%* 0.088
[U mg'l(protcin)] 30 3.730 2310 4.990** 6,.870%* 0.247
43 4.010 2.810%* 5.210%* 7.100%* 0.167
60 9220 6.240%* 11.700% 15.840%% 1.115
Leaf 15 2.010 1.500** 3.460%* 4.450%* 0.157
30 43350 3.120%* 7560 9.080%* 0484
43 4920 3.850%* 7.890% 9.910%* 0.352
60 11.280 8.200%* 16.260% 20.640** 982

antioxidant enzyme activity in wheat seedlings (Kraus and
Fletcher 1994). The increased enzyme activity in the
TDM freated radish plants coincides with observations of
above authors.

The activities of peroxidase, PPO and SOD were
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