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Membrane Integrity and Riboflavin Content of Raphanus sativus L.
as Affected by Triazole Growth Retardants
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Abstract: In the present study to estimate the effect of triazole viz. triadimefon and hexaconazole on the
membrane integrity of radish (Raphanus sativus L.). triadimefon (TDM) 10 mgl~" and hexaconazole (HEX)
5 mg L™" who treated to per plant in one pot, on 8, 23, 38 and 53 days after sowing (DAS). The membrane
integrity like electrolyte leakage and lipid peroxidation (MDA) were extracted and assayed on 30 and 60 DAS
form shoot and tuber of both control and triazole treated plants. The riboflavin content also estimated. Triazole
treatment increased the riboflavin content while it is decrease the membrane leakage on the plant Raphanus
sativus is important food crops and also it have some medicinal value in curing piles, liver disorders, enlarge

spleen and jaundice.
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INTRODUCTION

Highly reactive species can react with unsaturated
fatty acids to cause peroxidation of essential membrane
lipids in the plasmalemma or intracellular organelles.
Peroxidation damage of the plasma lemma leads to leakage
of cellular contents rapid desiccation and cell death,
intra cellular membrane damage can affect respiratory,
in mitochondria, cause pigment breakdown and loss of
carbon fixing ability in chloroplasts [1-4]. The active
oxygen species are very reactive and cause a cascade of
oxidative reactions resulting in chlorophyll bleaching,
protein degradation and membrane destruction [3-5].
Hydrogen peroxide, unlike
diffuse through phospholipids biolayers of chloroplast
to the cytosol and interfere with cellular metabolism [4-6].
They are also responsible for protein, lipid and nucleic

superoxide can easily

acid degradation and play a major role in aging and cell
death [7-9].

Raphanus sativus (white radish) is an important
vegetable crop in India and south east countries. The
leaves and tubers of radish are used to prepare salad and
also cooked as vegetables. It is rich in vitamin ‘C’ and
minerals like sulphur. It is also used as a medicine in
currying liver disorders and jaundice. This tuber crops are
rich source of energy for people living under sustenance

level since, it is available at a cheaper price for the poor
people [10].

Triazole compounds such as triadimefon (TDM),
Hexaconazole (HEX) widely used as fungicides and they
also posses varying degrees of plant growth regulating
properties [8,9,11-13]. Triazoles have been called plant
multiprotectants because of their ability to induce
tolerance in plants to environmental and chemical stresses
[12-14] protection of plants from apparently unrelated
stress by triazoles is mediated by a reduction in free-
radical damages and increase in antioxidant potential [15].
Triazole treated plants have a more efficient free-radical
scavenging system that enables them to detoxify active
oxygen [11-15].

MATERIALS AND METHODS

Plant Materials and Triazole Treatment: The seeds
of Raphanus sativus L. cv. Pusa chetki were obtained
from mahyco-Maharashtra hybrid seeds co. Ltd.
Maharashtra. India and planted at the botanical garden of
the Annamalai University. Two seeds were sown in each
plastic pot of 30cm diameter and 30cm height containing
3 kg of soil mixture containing red soil, sand and farm yard
manure at 1:1:1 ratio. Then the seedling thinned to one per
pot on 6th day after sowing. Triadimefon was obtained

Corresponding Author:

Dr. R. Panneerselvam, Head Department of Botany, Annamalai University,

Annamalainagar 608 002, Tamil Nadu, India



Middle-East J. Sci. Res., 4 (1): 52-56, 2009

from Bayer, Germany and hexaconazole was obtained from
imperial chemical industries, England.

The preliminary experiments 2, 5, 10, 15 and 20 mg L™
triadimefon and hexaconazole were used, among
these treatments, 10 mgL™" triadimefon (TDM) and
5 mg L' hexaconazole (HEX) concentrations was found
to enhance the antioxidant potentials and membrane
integrity and the higher concentrations slightly decreased
the growth and dry weight, hence 10 mg L™ triadimefon
and 5 mg L' hexaconazole were used for this study. The
seedlings were treated with deionized water (control),
10 mg L™ triadimefon and 5 mg L™" hexaconazole solution
alone per plant on 8, 23, 38 and 53 days after sowing
(DAS). Then the plants were harvested randomly on 30
and 60 DAS and separated into tuber and shoot and
used for extraction and assay of membrane integrity of
radish plant.

MEMBRANE INTEGRITY

Electrolyte Leakage: The electrolyte leakage was
measured by [16]. The percentage leakages of the tissue
were calculated as the ratio of conductivity after 12 h to
the conductivity after boiling (Total inic conductivity).

Lipid Peroxidation: LPO was estimated as thio
barbituric acid reactive substances (TBARS) [17]. The
TBARS content was calculated according to its extinction
coefficient of 155 mM~'cm™" and expressed in units (U).
One ‘U’ is defined as p mole of MDA formed min™' mg™'
protein.

Riboflavin: Riboflavin activity was assayed and described
by the standard extraction methods.

Statistical Analysis: Statistical analysis was performed
using the one-way analysis of variance (ANOVA)
followed by the Duncan’s multiple range test (DMRT).
The values mean £SD for six samples in each group p
values < 0.05 were considered as significant.

RESULT AND DISCUSSION

Membrane Integrity: Changes in membrane leakage and
injury can be measured the extent of electrolyte leakage
[18]. Electrolyte leakage was inhibited in the leaf and tuber
tissue of radish by triadimefon and hexaconazole to a
larger extent when compared to control plant (Table 1,
Fig. 1). Triazole altered the sterol biosynthesis and
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Table 1:  Effect of Triazole on electrolyte leakage of shoot and tuber tissue
of radish plant

DAS Control TDM HEX

Shoot

30 0.156 0.106 (67.94) 0.110 (70.51)

60 0.214 0.151 (70.56) 0.162 (75.70)

Tuber

30 0.289 0.219 (75.77) 0.228 (78.89)

60 0.378 0.313 (82.82) 0.317 (83.86)

Table 2: Effect of MDA activities of shoot and tubers of radish plant
(values are given as mean + SD of six replicates expressed in pmol

of MDA min~" ¢! protein)

DAS Control TDM HEX
Shoot

30 0.118 0.101 (85.59) 0.110 (93.22)
60 0.136 0.127 (93.38) 0.130 (95.58)
Tuber

30 0.101 0.085 (84.15) 0.091 (90.09)
60 0.126 0.108 (85.7.1) 0.117 (92.85)

Table 3: Triazole on Rbf content of shoot and tubers of radish

plant (values are given as meant SD of six replicates expressed in

ng g-1 F.W)

DAS Control TDM HEX
Shoot

30 0.040 0.044 0.092
60 0.061 0.069 0.065
Tuber

30 0.081 0.084 0.082
60 0.088 0.099 0.094

changed the composition of sterol in the plasmamembrane
[19]. This change in sterol composition may induce
changes in cell membrane that may be reflected in
increased membrane stability, acclimatization and frost
hardiness as observed in plants [1-4]. Triazoles altered the
membrane properties and facilitated the removal of
damaged area in the membranes [20-22]. These altered
sterol composition, removal of damage area in the
membrane and increased kinetin content induced by the
triadimefon and hexaconazole might have facilitated the
increased membrane stability in radish there by lowered
the electrolyte leakage.

Lipid peroxidation is a measurement of injury to the
membrane. TDM and HEX treated plant showed a lower
lipid peroxidation in radish plant when compared to
control plants (Table 2, Fig. 2). Lipid peroxidation is
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expressed in mmol of MDA min™' protein)
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Fig. 3: Triazole on Rbf content of shoot and tubers of radish plant (values are given as mean + SD of six replicates
expressed in mg g-1 F.W)
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measured by the malonoldialdehyde (MDA) released
[18-21]. Uniconazole reduced the electrolyte leakage and
MDA, accumulation and consequently decreased heat
induced lipid peroxidation in plants [20-23].

One of the triazole of ketoconazole treated plant can
increase the riboflavin content (Table 3, Fig. 3) can
increase the membrane stability and prevent membrane
degradation due to oxidation of the lipid component of the
membrane by the reactive oxygen species. It is involved
in lipid peroxidation and oxidized to act as an electron
acceptor [11-14].

Triazole compounds such as triadimefon (TDM) and
hexaconazole (HEX) widely used as fungicides and they
also posses Varying degrees of plant growth regulating
properties [6,7]. An abiotic factor like a fungicide TDM,
HEX there should be an enhancement in the in the
production of toxic free-radicals of H,O,, O,-, O, or OH,
which should be detoxified in terms of increased
antioxidant activities. The enhancement of non-enzymatic
antioxidant of AA, RBF, «-toc, GSH and enzymatic
antioxidant like SOD, APX, CAT activity under TDM,
HEX treatment may be an indicator of plants protective
mechanisms under abiotic stress. The inhibited electrolyte
leakage and lowered lipid peroxidation in the tissue of
radish can be were correlated and it might be the results
of increased membrane integrity induced by triazole
treatments.

REFERENCES

1. Dhindsa, R.S., P. Plumb-Dhindsa and T.A. Thorpe,
1981. Leaf senescence and lipid peroxidation.
Effects of some phytohormones and scavengers
of free radicxals and singlet oxygen. Physiol. Plant,
56: 453-457.

2. Zhou, W. and M. Leul, 1999. Uniconazole induced
tolerance of rape plants to heat stress in relation to
changes in hormonal levels, enzyme activities and
lipid peroxidation. J. Plant Growth Regul., 27: 99-104.

3. Jaleel, C.A., R. Gopi, P. Manivannan and
R. Panneerselvam, 2007. Responses of antioxidant
defense system of Catharanthus roseus (L.) G. Don.
to paclobutrazol treatment under salinity, Acta
Physiol. Plant, 29: 205-209.

4. Jaleel, C.A, R. Gopi, A. Kishorekumar,
P. Manivannan, B. Sankar and R. Panneerselvam,
2008. Interactive effects of triadimefon and salt stress
on antioxidative status and ajmalicine accumulation
in Catharanthus roseus, Acta. Physiol. Plant,

30: 287-292.

55

5.

10.

11.

12.

13.

14.

Jaleel, CA., GMA. Lakshmanan,
M. Gomathinayagam and R. Panneerselvam, 2008.

Triadimefon-induced salt stress tolerance in
Withania somnifera and its relationship to
antioxidant defense system, S. Afr. J. Bot.,
74: 126-132.

Jaleel, C.A., R. Gopi and R. Panneerselvam, 2007.
Alterations in lipid peroxidation, electrolyte leakage
and proline metabolism in Catharanthus roseus
under treatment with triadimefon, a
fungicide, C.R. Biol., 330: 905-912.

Jaleel, C.A., R. Gopi and R. Panneerselvam, 2009.
Alterations in non-enzymatic antioxidant components

systemic

of Catharanthus roseus exposed to paclobutrazol.,
gibberellic acid and Pseudomonas fluorescens, Plant
Omics J., 2(1): 30-40.

Jaleel, C.A., P. Manivannan, M. Gomathinayagam,
R. Sridharan and R. Panneerselvam, 2007. Responses
of antioxidant potentials in Dioscorea rotundata
Poir. following paclobutrazol drenching, C.R. Biol.,
330: 798-805.

Jaleel, C.A., R. Gopi, P. Manivannan,
M.  Gomathinayagam, P.V. Murali  and
R. Panneerselvam, 2008. Soil applied propiconazole
alleviates the impact of salinity on Catharanthus
roseus by improving antioxidant status, Pestic.
Biochem. Physiol., 90: 135-139.

Arnon, D.I., 1949. Copper enzymes in isolated
chloroplasts, ployphenol oxidase in Beta vulgaris. L.
Plant Physiol., 24: 1-15.

Kirk, J.T.O. and R.L. Allen, 1965. Dependence of
chloroplast pigment synthesis on protein synthesis:
Effect of acsidione. Biochem. Biophys. Res.
Commun., 21: 530-532.

Beggs, C.J. and E. Wellmann, 1985. Analysis of light
controlled anthocyanin synthesis in coleoptiles of
Zea mays L. The role of UV-B blue red and far red
light. Photochem. Photobiol., 41: 401-406.

Neogy, M., J.K. Datta, S. Mukherji and A.K. Roy,
2001. Effect of aluminium on pigment content, Hill
activity and seed yield in mung bean. Ind. J. Plant.
Physiol., 6(4): 381-385.
Jaleel, C.A., P.

A. Kishorekumar, R. Gopi, R. Somasundaram and
R. Panneerselvam, 2007. Induction of drought stress
tolerance by ketoconazole in Catharanthus roseus is

Manivannan, B. Sankar,

mediated by enhanced antioxidant potentials and
secondary metabolite accumulation, Colloids Surf. B:
Biointerf., 60: 201-206.



15.

16.

17.

18.

19.

Middle-East J. Sci. Res., 4 (1): 52-56, 2009

Jaleel, C.A., R. Gopi and P. Manivannan, 2008.
Rajaram Panneerselvam, Exogenous application of
triadimefon affects the antioxidant defense system of
Withania somnifera Dunal, Pestic. Biochem. Physiol.,
91/3: 170-174.

Pinhero, R.G. and R.A. Fletcher, 1994. Paclobutrazol
and ancymidol protect corn seedlings from high
and low temperature stresses. Plant Growth Regul.,
15: 47-53.

Heath, R.L. and L. Packer, 1968. Photoperoxidation in
isolated chloroplasts 1: Kinetic and Stoichiometry of
fatty acid peroxidation. Arch. Biochem. Biophy.,
125: 189-198.

Jaleel, C.A., R. Gopi, M. Gomathinayagam and
R. Panneerselvam, 2009. Traditional and non-
traditional  plant  growth  regulators  alters
phytochemical constituents in Catharanthus roseus.
Process Biochem., 44: 205-209.

Symons, P.R.R., P.J. Hofman and B.N. Wolstenholme,
1990. Responses to paclobutrazol of potted ‘Hass’

avocado trees. Acta. Hort., 275: 193-198.

56

20.

21.

22.

23.

Jaleel, C.A., R. Gopi and R. Panneerselvam, 2009.
Alterations in non-enzymatic antioxidant components
of Catharanthus roseus exposed to paclobutrazol,
gibberellic acid and Pseudomonas fluorescens. Plant
Omics. J., 2(1): 30-40.

Child, R.D., D.E. Evans, J. Allen and G.M. Arnold,
1993. Growth responses in oil seed rape (Brassica
napus L.) to combined applications of triazole
chemicals tebuconazole
interactions with gibberellin. Plant Growth Regul.,
13:203-212.

Abdul Jaleel, C., R. Gopi and R. Panneerselvam, 2008.
Growth and photosynthetic pigments responses of

triapenthenol  and

two varieties of Catharanthus roseus to triadimefon
treatment. Comptes Rendus Biol., 331: 272-277.
Paramasivam Manivannan, C., Abdul Jaleel,
A. Kishorekumar, B. Sankar, R. Somasundaram,
R. Panneerselvam, 2008. Protection of Vigna
unguiculata (L.) Walp. plants from salt stress by
paclobutrazol. Colloids and Surfaces B: Biointerfaces.
61/2:315-318.



