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Leaves

Appreciable interactions in total phenolics were observed in
case of third leaf as compared to first and flag under various fertilization
regimes in both susceptible (cv. Lal Bahadur) and the resistant cultivar
(Raj 3765) at 72h, 96h and 120h of progressive brown rust infection. In
the first leaf showed leaf shower lesser alteration at 72h and 96h stages
but phenolics showed increasing trend towards 120h stage. The resistant
cultivar reflect reflected higher levels of phenolics in flag leaf and
specially to higher fertilization (N90) levels in general at all the three
determined stages of disease dynamics.

Various N- fertilization regimes were found to affect leaf
peroxidase activity differently in first, third and flag leaf in both
susceptible and resistant cultivars. Higher profile of peroxidase activity
was noticed in third leaf and flag leaf under No fertilization application
condition irrespective of the nature if interacting cultivar at different
stages of rust development. The resistant (cv. Raj 3765) however
showed higher peroxidase activity profile in flag leaf as compared to the
suspectible cv. Lal Bahadur.

Keywords: Brown Rust, Nitrogen- Fertilization, Phenolics And Peroxidase
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Introduction

Brown Rust (Puccinia recondita Rob. Ex. Desm. F. Sp. Tritici) is
one of the most wide spread disease of wheat ( Triticum aestivum) in the
world (Statter, 1988). During infection the resistant host plant defends itself
against potential pathogen by means of a number of physical and chemical
factors which may be already present in the host or may be produced in
response to infection (Rana et al 2005). Phenols have been implicated as
active resistant factors in defense mechanism of many host-parasite
interactions and are present in higher amounts in resistant plants (Motta et
al 2005). The phenolics substances may be responsible for the delay and
decline in number of spore germination, appresoria formation, penetration
and colonization at the onset of infection (Raman 2007). Increase in total
peroxidase activity are often found during infestation of higher plants by
pathogens with the greatest increase associated with a host responsible
classified as resistance. Increased activity of peroxidase (pox) has been
reported in plants treated with biotic and abiotic inducers of resistance
(Huang and Backhouse 2005, Raghvendra et al 2007). The application of
nitrogen fertilizer is well known to increase gain yield, if somehow or the
other the rust disease may also interplay this remains the nature of the
present studies.

Nawar and Kutti (2003) stated that there are positive relationships
between peroxidase and resistance development in plants Caruso et al
(2001) experimentally supported the idea that peroxidases play a defense
role against invading pathogen.
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Aim of the Study

How the release or accumulation of specific
biochemical products may directly be taken as the
earlier characteristics of disease development and
progression in relation to their resistance or
susceptibility. The study was carried out in contact of
different nitrogen fertilization on first, third and flag
leaf due to the peculiar physiology of leaves.

Material and Methods

1. Raising of crops: The crop was raised in earthen
pots (height 30 cm, diameter 20 cm) filled with
sterile coarse sand (pH 8.3) in polyethylene bags.
Two wheat variety viz. Lal Bahadur (susceptible)
and Raj 3765 (resistant) were taken for
conducting studies during the usual winter
season (December- March).

2. N- fertilization: The pots were supplemented by
different doses of Urea (with 46.5%N) so as to
give 0 (no urea), 30 and 90 kg of nitrogen per
hectare of field area calculated on the basis of
the weight of the sand at the sowing time.

3. Rust Inoculation: The first, third and later the flag
leaves were inoculated artificially by rubbing
uredospore powder of the brown rust on the
lower surface of the leaves. The rust inoculums
was the mixture of races 12-2, 77-2, 77-5 and
104-2 are was procured for Regional Research
Station of the Directorate of Wheat Research,
Flowerdale, Shimla (India). During inoculation the
plants were covered with polyethylene bags (40x
80cm) to ensure enough humid environment.

4. Sampling upon rust inoculation the polyethylene
bags were removed after 24h and the leaf
samples were collected O (just before
inoculation), 72, 96 and 120h after attempted
inoculation.

5. Biochemical estimation: The  biochemical
estimation of total phenolics was done by the
method of Swain and Hillis (1959). For
Peroxidase assay the modified method of
Shanon et al (1968) was employed. For assaying
specific activity of peroxidase 1.0g of leaf was
homogenized in 10ml of 0.05 M Tris-HCL buffer
(pH 7.6) in a chilled pestle and mortar by using
acid washed sand as an abrasive. The
homogenate was centrifuge at 20,000x g for 20
min at 4°C and the supernatant were used for
enzyme assay and protein content estimation.
0O.D. 0.01+1Unit. One unit of enzyme activity was
taken as an O.D. equivalent to 0.01/min and for
specific activity units it was expressed as units of
activity/mg of protein in fresh tissue.

Result and Discussion

A zigzag pattern of peroxidase activity was
observed ranging between (1-3 units) in first leaf in
both susceptible and resistant cultivars (fig.1). While
coming to third leaf, the susceptible cultivar (Lal

Bahadur) reflected much higher levels of peroxidase

activity at different stages of determination following

rust inoculation under zero nitrogen application
treatments. More or less a similar pattern was noticed
in case of the resistant cultivar (Raj 3765) too.

Metabolically active flag leaf picture was also

activated was also activated a big higher levels of
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peroxidase activity under zero nitrogen application
treatment in both the cultivar at different stages of
determination, but this time the overall enzyme activity
profile was found doubled in the resistant cultivar
under all nitrogen fertilization doses.

As regard to phenolics contents, the first,
third and flag leaf of the susceptible variety (Lal
Bahadur) showed comparative higher levels of
phenolics at the nil nitrogen application as compared
to higher nitrogen doses. In contrast to the resistant
variety Raj 3765 (except more or less in third leaf) had
more of phenolics under higher nitrogen application
doses featuring a sort of resistance characteristics.

Comparatively lower level of phenolics
seems to favour rust infection in the susceptible
variety under nitrogen treatment. As the resistance to
pathogens is very often ascribed to higher
concentrations of fungi toxic phenolic substances and
their oxidation products (Farakas and Kiraly 1962).
The resistant variety Raj 3765 appeared to impart
resistance through higher level of phenolics under
higher nitrogen fertilization. The distinction of their two
wheat cultivars in relation to nitrogen fertilization
under impact of progressive leaf rust infection
appeared that in susceptible variety, application of
nitrogen resulted in produced phenolic contents
which considered as toxic metabolites to the invading
pathogens.

Peroxidase play a central role in the
biosynthesis of plant cell wall components, including
lignin, suberin and cross linked extensions that are
linked with plant defense response to pathogen,
particularly to fungi (Almagro et al, 2009).

The flag leaf analysis showed that the
resistant cultivar (Raj 3765) had higher Ehenolic level.
The rust infection progressed beyond 4™ day and that
too high under N90 treatment illustrating increased
level under disease impact.

All the observations were taken from three
replications and data was subjected to one way
analysis of variance (ANOVA) was used to show
significance of difference with respect to control. In all
experiments of value was found to be lower than 0.05
which indicate that differences were statistically
significance.

Related studies on increased disease
severity with increasing nitrogen levels have also
been reported by Ojha and Mehta (1970), Damen et
al (1989) and Johnston (1992) etc. Higher phenolic
contents have been told as the basic characteristics of
resistance in various plants-pathogen interactions.

The enhanced activity of peroxidase in
infected seeds might result in augmented role of
oxidation of phenolic substances. This favours the
formation of toxic quinines. These substances
participate in the defense reaction of the host. An
overall higher peroxidase activity profile during course
of initial rust progression (in both susceptible and
resistant interactions) might be ascribed to increase
de novo synthesis of proteins, as a result of metabolic
interactions in the infected tissues. It is due to the
result of increased amount of protein, nitrogen and
amino acids.
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Change in the activity of peroxidase play a
role in the regulation of metabolic pathways in
diseased and injured tissues. Reason of increased
activity of peroxidase in infected seedling might be
that peroxidases participate in defensive lignifications
and synthesis of phenolic compounds. As regard to
specific nature of progressive rust infection in
susceptible and resistant interaction, the third and flag
leaf analysis revealed some interesting observations.
The quantum dynamics of enzyme activity was

observed in resistant — interaction, presenting a
passive dynamics. Considering higher levels of
peroxidase and phenolics at NO level in the

susceptible interaction may be indexed in first and
third leaves as resulted in reduction of phenol
synthesis. However, in our studies the most
favourable point is to determine the genetic set up of
the wheat genotypes. Resistant interaction showed
increased level of phenolics and peroxidase at
different levels of nitrogen fertilization. Such an
excitement of this paired analysis might be assigned
to the inbuilt resistant in cultivar Raj 3765. Peroxidase
activity enhanced due to the oxidation of phenolics.
Which has been resulting in production of toxic
quinines. It has been assigned a characteristic of
resistance in host-parasite interaction (Friend 1980,
Farakas and Kiraly 1962, Kosuge 1969 and Frick
1976). Under rust interaction in Wheat, increased
peroxidase activies have been reported in
accordance with disease progression index (Singh
2007).

Changes in the activity of peroxidase play a
role in the regulation of metabolic pathways in
diseased and injured tissues. The role of peroxidase
enzyme shows the defensive lignifications and
synthesis of the phenols. Sudhagar et al (2000) also
supported this view. The increased activity of
peroxidase in maize infected with Helminthosporium
maydis and H. turcicum was also observed by
Sukhwal and Purohit (2003).

Increased nitrogen application seemed to
enhance rust susceptibility in generation irrespective
of the genetic resistance of cultivars. However, the
resistant cultivar was found to have an overall higher
phenolics-peroxidase activity particularly at
metabolically active flag leaf. Thus the flag leaf tissue
might be spotted as evidence to determine plant
resistance.

Biochemical examination by Singh (2007)
showed higher peroxidase activity in the infected
seedlings of pearlmillet by Curvularia penneseti
showed the multifacial involvement in infection
process ranging from secondary phenol metabolism
to lignin biosynthesis. Such phenomenon was
recognized as the primary reflection of brown spot
disease establishment in young seedlings and later on
of maturing level.

Conclusion

The increase in phenolics and specific
activity of peroxidase enzyme in relation to disease
incidence shows that these metabolic changes plays
at important roles in defense mechanism.
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Fig 1: Peroxidase Specific Activity in First, Third and Flag Leaf of Wheat at different Nitrogen levels (NO, N30,
N90). The variety of treatment LB= Lal Bahadur, The Susceptible Variety, Raj 3765= The Resistant Variety.
FIRST LEAF: mg/gm f.wt
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Fig 2: Total Phenols in First, Third and Flag Leaf of Wheat at different Nitrogen levels (NO, N30, N90). The
variety of treatment LB= Lal Bahadur, The Susceptible variety, RAJ 3765= The Resistant Variety
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