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ABSTRACT

We examined the effects of main autotoxic substances (phthalic acid and
phloroglucionl dihydrate, separated in our previous study), on root oxidative damage
of tomato seedlings. Changes in superoxide dismutase (SOD, EC 1.15.1.1), peroxidase
(POD, EC 1.11.1.7), catalase (CAT, EC 1.11.1.6) and malondialdehyde (MDA) and
their activities in roots were measured. Potted tomato seedlings were cultured in
perlite and treated with phthalic acid (PA) and phloroglucinol dihydrate (PD) as
exogenous autotoxins at 1 mM, 5 mM and 10 mM concentrations. The application of
both PD and PA, and especialy PD increased the MDA contents. The activities of
SOD, CAT and POD depended on autotoxins (PA or PD), their time of action and
concentration. The enzyme activities increased with application of PA on 5" day and
decreased on 10" day except at 10 mM PA. On 20" day, the activities of all enzymes
decreased except SOD at 1 mM. Similar trend of enzyme changes was presented in
the treatments of PD, except POD activity that kept growing on the 10" day. Results
indicated the adverse effects of exogenous PA and PD on enzymes of antioxidant
defence system, resulting in lipid peroxidation in roots of tomato seedlings.

Key words: Autotoxins, catalase, enzymes, lipid peroxidation, malondialdehyde,
peroxidase, phlorogucia dehydrate, phthaic acid, superoxide dimutase,
tomato seedlings.

INTRODUCTION

Autotoxicity exists both in natural and agricultural ecosystem, the later have
atracted increasingly scientist’s attention (14). It is a process in which a species or its
decomposing residues rel ease phytotoxins into the environment to inhibit germination and
growth on the same species (17,18). The detrimental effects of autotoxicity (plant
population decline, regeneration failure and subsequent yield declines) occurs in rice (8),
tomato (12), cucumber (22), tea (19), horsetail (4) and Chinese fir (11).

The autotoxicity related soil problems in tomato were reported six decades ago (9).
The agueous extracts of tomato leaves inhibits the seedlings growth and biomass
accumulation in tomato (12). Potential autotoxicity also exists in root exudates of
hydroponic tomato (15). Roots in soil directly comes in close contacts with autotoxic
substances released from the plants during their growth, therefore, it is the key organ for
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exploring autotoxicity. Plants release the alelochemicals as mixture, rather than a single
compound. The effects of individua constituents are often different than mixtures, in
which the synergic and antagonistic effects occur (1). However, the mechanism of action
of individual constituents in tomato seedlings is not known. In previous research, PA and
PD had been isolated and identified in the root exudates of tomato (13). Therefore
exogenous PA and PD were applied to determine their oxidative damage in tomato
seedlings. To investigate the mechanism between exogenous autotoxins and membrane
lipid peroxidation, we measured root index of oxidative stress (activities of SOD, POD,
CAT) and damage degree (MDA content).

MATERIALSAND METHODS

Based on our previous study, PA and PD chemical were applied as autotoxic
substances. The chemicals were first dissolved in methanol and then in distilled water.
Series concentrations (1, 5, and 10 mM) of each chemical solution were prepared.

Pot Culture

The experiments were conducted from March 4 to May 20, 2008. Hybrid tomato
‘Liaoyuanduoli’ was used to find the oxidative damage. At 4-leaf stage, tomato seedlings
were transplanted in the hydroponic system with perlite as substrate and irrigated with
50% Hoagland nutrient solution with or without the chemicals. Control seedlings were
irrigated with 80 ml nutrient solution together with 80 ml water every two days. PA or PD
were applied at 3 (1,5,10 mM) conc. and Distilled water as control. Each treatment with 15
potted plants was arranged randomly and the pots were rotated daily for uniform sunlight.

Preparation of root samples: Tomato roots were sampled on 2, 5, 10 and 20 days after
transplanting. Roots were collected, immediately frozen with liquid nitrogen and stored in
fridge for further enzyme analysis. Crude antioxidant enzyme solutions were extracted as
per previous study (12). 0.5 g root was taken and ground in 1 ml 50 mM phosphate buffer
(pH 7.8) with liquid nitrogen. After adding 3 ml phosphate buffer, the ground roots was
centrifuged (4 000 rpm) at 4°C for 20 min and the supernatant was used to determine the
enzyme activities with Beckman UV/Visible light Spectrophotometer.

Enzyme analysis. SOD solution was prepared using modified Marklund method (23).
Crude extract was added to 4.5 ml reaction solution containing 100 mM Tris-HCI buffer
(pH 8.2), 1 mM EDTA-2Na and 4.5 mM pyrogallol-HCI solution. Then absorbance was
measured at 325 nm at start and 1 min later. SOD activity was expressed as pmol/min/mg
protein.

For POD activity measurement, 1 ml crude extract was added in 4 ml reaction
medium containing 200 mM phosphate buffer (pH 6.0), 19 ul guaiacol (100%)and 28 ul
H>0,(30%). The absorbance was measured at 420 nm within 5 min (16). Activity of POD
was expressed as pmol/min/mg protein.

CAT solution was made by adding 0.2 ml crude extract in 3 ml reaction
solution including 200 mM phosphate buffer, 100 mM H,0,. Absorbance was measured
after 4 min H,O, consumption at 240 nm (1). CAT activity was in pmol/min/mg protein.
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Total 4 ml solution was prepared by adding 1.5 ml crude extract into a mixture
containing 20% trichloroacetic acid solution and 0.5% thiobarbitutric acid for MDA
testing. The above-mentioned solution was boiled for 30 min and immediately cooled
down and then centrifuged at 1800 xg for 10 min. The supernatant were used for MDA
measurement at 532 nm and 600 nm, respectively (10). The MDA content was cal cul ated
by correcting for compounds derived from MDA-TBA action and was expressed in
nmol/gFW (fresh weight) as per following formula:

(D532'D600)*V
MDA= "1B55*10%m

Where, 1.55*10 : Extinction coefficient of MDA
RESULTS AND DISCUSSION

SOD Activity

Both PA and PD had both inhibitory and stimulatory effects on SOD activities.
Positive effect was observed at low concentration (1 mM), but with the increase of
concentrations to higher level (5 mM or 10 mM) SOD activities increased (on 5" and 10"
day) and decreased finally on 20" day (Fig. 1). In the roots of seedlings treated with 1 mM
PA and PD, the SOD activities increased 1.8 and 2 times than control 5 days after the
treatment, respectively. 10 days later the stimulatory effects attenuated but still existed. On
20" day the SOD activity rebounded especially for PA treatment. The same trend in SOD
activity was found in ImM and 5 mM treatments with PA and PD, in which activity peaks
appeared at 5" day. The activity value of 10 mM treatment continued to increase till 10
days after the application. The stimulatory effects then decreased and finally reversed to
inhibitory effect on the 20" day for 5 mM and 10 mM treatments. PD showed more
inhibitory effects on SOD activities at the highest concentration than PA

POD Activity

The PA and PD increased the POD activity over control at 2, 5 and 10 days after
treatment. The POD activity peak appeared on the 5" day for PA and on the 10" day for
PD. For both substances, sharp decrease in POD activity occured 20 days after treatments
for al concentrations. PA proved more inhibitory than PD due to more resistance of POD
to PD action (Fig. 2). The uniform response to the three concentrations of PA and PD led
to the conclusion that POD was more dependent on time of their action than on
concentration.

CAT Activity

The PA and PD treatments had no significant effects on CAT activities on 2™ and
5™ day after treatment (Fig. 3). The activity of CAT was reduced on 10" day in all
treatments, except at 10 mM PA. In control, the CAT activity in roots of tomato seedlings
increased with time. This increasing trend of enzyme activity was very dight when plants
were treated with PA, but the increasing range varied with PA and PD, respectively. On
20" day, the CAT of PA treatments were sharply decreased simultaneously with an
increase in PD . There were no significant effects of all concentrations of PD on CAT
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activity except on 10" day and at 1mM PD on 5" day, where CAT activity was decreased
(Fig. 3). However, the PA had a stronger effects on CAT activity with time and the
increase of concentration.

MDA Content

The oxidative effects of PA and PD on the lipid degradation were indicated by
MDA contents (Fig. 4). The application of PA and PD increased the MDA contents. The
longer the roots were treated and the higher was the concentration, the more MDA content
was found. Significant stimulatory effects of PA and PD on MDA contents were observed
compared to control. On 5" day, the MDA contents in PA treatments were 91% (1 mM),
81% (5 mM), 121% (10 mM) and it increased to 392% (1 mM), 284% (5 mM), 189% (10
mM), respectively for PD treatments. MDA accumulated with prolonged duration and
increase in concentration. PD showed stronger oxidative effects than PA, leading to
peroxidation of membrane lipidsin roots of tomato seedlings.

Poor germination rate and plant growth under allelochemica stresses were
observed in tomato seedlings in previous studies (7,13). Application of PA and PD
considerably increased the production of peroxides and active oxygen species (AOS) in
allelochemical-treated root tips (21) and forced the plant to oversynthesise O,” and H,0,
followed by perturbations of antioxidant enzymes system. The antioxidant enzymes and
MDA content did not change over to control on the 2™ day. It indicated that defencive
system of the plant prevailed due to slight overloading and the free radicals were alleviated
by scavengers due to their relative short endurance.

Furthermore (on 5" day), the synthesis of free radicals predominated over the
defensive quality of system, the antioxidant enzyme system was activated and the activity
increased. Similar findings have been aready reported (3, 20). The SOD activity was
stimulated due to decrease in the content of O,, when the plant is exposed to PA and PD at
low concentration and the harmful damage is lessened (27). The same results were aso
obtained with other alelochemicals (6). Formula 1 showed the process of O, removal and
H,O, generation by SOD catalysis. Then H,O, was transformed into H,O and O, (Formula
2 and Formula 3).

(i) 20, +2H" P 5 H,0,+0, (Formula 1)
(ii) 2H,0, _CATy 2H,0+0, (Formula 2)
AH, +H,0, —PP5 A+H,0 (Formula 3)

POD activity greatly increased due to H,O, accumulation. The CAT activity in
PA treatments did not change much than control, but decreased when treated with 1mM
and 5 mM PD. Thereby the membrane lipid peroxidation MDA contents increased in al
treatments especialy in 1 mM and 5 mM PD treatments. The MDA increases, when a
plant is subjected to various stress conditions (5).

On the 10" day of the application of PA, the SOD activity decreased in 1 mM
and 5 mM treatments, probably owing to increase in O,. POD activity in these treatments
decreased causing H,O, accumulation. The CAT activity of those treatments was also
lower than control. Hence MDA content was promoted with application of 1 mM and 5
mM PA. Although the application of 10 mM PA improved the SOD activity, but with the
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reduction of POD and CAT the MDA content was still high, resulting from the root
peroxidation. Effects of PD on SOD and CAT activity were the same as PA, but POD
activity differed. This can be presumably explained that POD activity is independent of the
application of PD.

In the end of treating (on 20" day), the allelochemicals caused deep oxidative
stress in target tissues and degraded the antioxidant mechanisms (2). Although the SOD
and POD activities in 1 mM PA rebounded to some extent, damage of O, was not
counteracted and the increase of MDA level was still observed. Besides, the activity of
SOD and POD in 5 mM and 10 mM PA were drasticaly reduced during this period
leading to the more MDA. On the other hand, 1 mM PD increased the SOD activity, but
decrease POD and CAT activities causing oversynthesis of H,O, The application of 5 mM
and 10 mM PD decreased the antioxidant enzyme activities triggering the peroxidation in
membrane lipid of tomato roots. The PD had more effects on roots of tomato seedlings
than PA accounting for the higher content of MDA.
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