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EFFECT OF POTASSIUM ON INDUCTION OF BIOCHEMICAL
DEFENCE AGAINST RUST IN WHEAT 5 . C
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The effect of potassium on germination, seedling vigour and defence related enzymes viz. perodixase,
catalase, lipid peroxidation, superoxide dismutase and phenylalanine ammonia-lyase in wheat is studied
in the present investigation. The experiments were carried out on rust susceptible wheat var. ‘Agra
local’ treated with different concentrations of potassium ( 100, 200, 300 and 400 ppm). The results
indicated that potassium at 100 and 200 ppm concentration manifested highest germination percentage
while the concentrations 300 and 400 ppm had inhibitory effect. Seedling growth was stimulated by
100, 200 and 300 ppm concentrations and maximum stimulation was obtained at 200 ppm concentration.
Wheat seedlings exhibited gradual increase in agtivity of all oxidative enzymes upto concentration
300 ppm of K. The highest stimulation was shown at 200 ppm concentration, except for superoxide
dismutase which exhibited highest stimulation at 100 ppm of K. 400 ppm K showed reduction in the
activity of all enzymes, but this reduction was not below the level of control value. Thus, besides
promoting germination and seedling growth, potassium also has a positive role in stimulating the
activity of defence related enzymes. So it can be concluded that treatment of potassium during

germination is useful to induce biochemical defence against biotic stress like epidemic of rust.
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Introduction
The control of diseases through nutrient management is a
novel approach and hence the alternative environmental
friendly method of disease control through balanced
mineral nutrition and developing host resistance through
. metabolic defence mechanism is utmost important'2. There
is extensive literature on the interaction of nutrients and
plant diseases with potassium (K) having the major role in
plant health®*. Potassium is involved in nearly all cellular
functions that influence disease severity, because it acts

as a regulator of enzyme activity. K seems to be effective

in increasing resistance against fungal and bacterial
diseases by inducing metabolic defence.

Wheat is the major crop grown extensively in
Maharashtra and it suffers largely due to various fungal
diseases. Among these, rust disease is highly destructive
and is responsible for wide spread epiphytotics all over
India®. The yield of this crop is going down largely due to
rust infection”. Therefore, in the present investigation, the
effect of potassium on induction of biochemical defence
via seed germination, seedling vigour and defence related
enzymes against rust in wheat is studied.

Materials and Methods
The surface sterilized seeds (20) of wheat (Triticum

aestivum L.) var. ‘Agra local’, obtained from Regional
Wheat Rust Research Station, Mahabaleshwar, Dist.
Satara, were kept in sterilized petridishes ( 9 cm in diameter)
over Whatman No. 1 filter paper at room temperature ( 28
to 30°C ). The filterpaper was moistened with 10 ml glass
distilled water in control and potassium (100, 200, 300 and
400 ppm) in respective petridishes. Potassium was used
in the form of KNO,. The germination of seeds were
observed upto 72 hrs at an interval of 24 hrs. The root,
shoot length was recorded from third to seventh day at
interval of 24 hrs. The activity of various enzymes was
also studied in 72 hrs old seedlings. The activity of
peroxidase was studied by the method of Machly®, catalase
by Sadasivam and Manickam?®, lipid peroxidation by
Carkmak and Hort', superoxide dismutase by
Giannopolitis and Ries" and phenylalanine amumonia-lyase
by Mahadevan and Sridhar'.

Results and Discussion

Minerals influence the growth and development of plants
in different ways. Potassium plays an important role in
induction of discase resistance in plants’. Hence, before
applying this chemical to a crop, it is important to study
its effect on plant growth starting from germination. The
germination percentage in 100 and 200 ppm concentration
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Table 1. Effect of potassium on root and shoot length of wheat var. ‘Agra local’.

-Hours Control 100 ppm 200 ppm 300 ppm 400 ppm

(h) Root Shoot | Root Shoot Root Shoot Root Shoot Root Shoot

/] 474037 { 3.6+£047| 45+047 | 5.6+048 | 38+029 5.7+048 | 3.5+0.58 | 55+041 | 28+0.58 | 4.8+0.57
% 51+0.75 1 5.0+036] 51+0.72{ 82+048 | 6.1+0.34 824091 | 50+1.34 | 824047 | 4.0+096 | 6.6+0.57
120 524044 | 7.5£00 | 5.7+£0.62 | 87+1.68 | 7.0+092 142+058 | 6.7+1.68 | 13.7+065] 5.5+0.74 | 11.5+037
144 69+035]93+067] 62+0.20 | 13.6+0.43 ] 7.8+048 174+047 | 7.8+075 | 156£046] 62+0.23 | 14.7+0.53
168 80+064 | 11.7+1.24 7.6+0.40 ] 16.1+0.24 | "8.7+047 203+041 | 894014 | 182+057 6.9+032 | 17.6+0.44

L] N

of K showed highest germination (94 %) but 300 and 400
ppm of K exhibited reduction in germination percentage
(84 and 76 % respectively) as compared to control (88%).
The effect of potassium on root and shoot length in- wheat
is given in Table 1. The root length decreased by 100
ppm concentration of K but stimulated by 200 and 300
ppm. and inhibited by 400 ppm potassium. On the contrary,
the sfioot length  was’ greatly promoted by all the
concentrations of potassium, the maximum being noted at
200 ppm.

Seed germination is an important event in the life
cycle of plant, which determines survival of most plant
species in the biosphere. According to Sinha® foliar
application or seed treatment by potassium brings out
spectacular changes in improving yield and ability to
withstand biotic stress of crops. Sarkar et al.'® found
increase in the growth parameters and yield attributes due
to foliar application of potassium nitrate (0.25%) in
groundnut. Umar et al.™ reported stimulatory effect of K
on dry matter accumulation in jowar. Bhargava and
Banerjee® reported stimulation of root growth at lower
concentrations of N and K and inhibition at higher doses
in potato.

The effect of potassium revealed stimulation in
the peroxidase activity by * 100 % over control in wheat at
200 ppm of K. None of the other concentrations of
potassium reduced the activity below the level of control
(Fig. 1). Peroxidase plays pivotal role in lignin synthesis,
and auxin catabolism'®, which clearly indicates role of
peroxidase in plant growth and development. There is a
report on effect of salicylic acid on peroxidase activity in
Impatiens balsamina showing stimulation. Similarly the
radish leaf disc treated with quinines also exhibited
stimulatory eflect on peroxidase activity. In the present
investigation we also found increase in peroxidase activity

by potassium treatment. The increased peroxidase activity
may lead to decrease the intensity of oxidative stress in
potassium treated seedlings.

Potassium also exerted stimulatory effect on
enzyme catalase at 200 ppm concentration but higher
concentration exhibited reduction in the activity (Fig. 1).
Catalase is an 1mportant enzyme in the process of
germination. Accordmg 10 manyworkers catalase activity
is correlated with the germination capacity and seedling
growth"‘ The enzyme catalase converts H,0, to H,0 and

O,, and protects cells from the damaging effects of H,0,.
The activity of catalase studied in mango leaves mfected
with Colletotricum’ gloesporioides was found to be
increased about three times more than healthy leaves®.
Similarly Mahanda et al.® reported increase in catalase
activity in papaya plants inoculated with VAM fungi. The
stimulation of catalase activity in lower concentrations of
potassium ¢an increase the resistance of seeds to oxidative
stress and cause growth stimulation of the seedlings. This
may ultimately help in induction of defence mechanism in
plant.

Malondialdehyde (MDA), decomposition
product of lipid peroxidation present in host cell
membranes is often found to increase during
pathogenesis. Since potassium plays important role in
developing defence mechanism against pathogen, its effect
was studied on defence related enzymes lipid peroxidation
and superoxide dismutase in wheat. It is vividly clear from
the results (Fig. 2 and 3) that the lipid peroxidation and
superoxide dismutase activity was comparatively high in
all the concentration of potassium. The highest activity
of lipid peroxidation was observed in 200 ppm of K and
that of superoxide dismutase in 100 ppm of K. Though
the higher concentrations of K (300 and 400 ppm) showed
reduction in the activity of both the enzymes, this
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Fig.1. Effect of potassium on activity of enzyme peroxidase, phenylalanme ammonia-lyase (PAL) and catalase in
wheat var. ‘Agra local’ after 72 h of germination.
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Fig. 2. Effect of potassium on activity of enzyme ‘lipid peroxidation in wheat var. ‘Agra local’‘after 72 h of germination.
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Fig. 3. Effect of potassium on activity of enzyme superoxide dismutase in wheat var. *Agra local” after 72 h of germination.
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reduction was not below the level of control.

lipid peroxidation is a widely used stress indicator
of plant membranes and it has been shown to mediate
photoperoxidative damage and distribution of
chlorephyll®. It also causes drought induced increase in
membrane permeability??. Recently, Chaudhuri and
Chaudhuri® have recorded a high degree of membrane
damage in sensitive jute cultivars, due to the increased
rate of lipid peroxidation in response to salinity stress. In
plants, the role of superoxide dismutase (SOD) during
environmental adversity such as drought, chilling,
hypoxia, high temperature, high light intensity and
pathogenic injury have been correlated with SOD
activity®. In the present investigation, the higher rates of
lipid peroxidation and superoxide dismutase suggest
enhanced productiorriof activated oxygen species as a
result of potassium treatment.

Phenylaiamne ammonia-lyase (PAL) studied in
wheat seedhn"\gs under the influence of potassium showed
the marked stimulation at 200 and 300 ppm of K (Fig. 1).
Like that of other enzymes, the higher concentration of K
showed inhibitory effect on the enzyme activity.
Phenylalanine ammonia-lyase is the key enzyme in the
phenyl propanoid pathway catalyzing synthesis of
phenols, lignin and phytoalexins from L- phenylalanine®.
The enzyme is related to defence responses of Cereals to
pathogenic microorganism® and it is often considered as
an indicator of resistance in the host plant™. It is also
reported that the increased activity of PAL is a host
response associated with the synthesis of phytoalexins®.
The stimulation of PAL activity in the present investigation
under the influence of potassium will certainly help in
development of resistance in wheat plants.

The perusal of the data indicates that increased

germination and enhanced seedling vigour under influence -

of K treatment lead to establishment of good and healthy

-crop stand, which ultimately results in better productivity.

All the concentrations of potassium exhibited stimulation

in enzyme activity. This indicates the potentiality of

~ potassium in induction of defence mechanism against the

biotic stress.

References

1. Hiremath S M, Kalpana M, Chetti M B and
Suryavanshi A 2003, Role of magnesium on disease
resistance and its relationship with productivity
potential in groundnut. 2" [nternational
Congress of Plant Physiology, Jan. 8-12, 2003, New
Delhi, India.

2. MorabH, Koti R V, Chetti M B, Patil P V and Nalini A
S 2003, Role of nutrients in inducing rust resistance

10.

1L

12.

13.

14.

15.

16.

in soybean. Indian J. Plant Physiol. 8(1) 85-88.
Sinha A P 1998, Effect of potash and nitrogenous
fertilizers on brown _rust of wheat. /ndian J.
Phytopath.51(1) 100-101.

" Reuveni M, Agapov V and Reuveni R 1996,

Controlling powdery mildew caused Sphaerotheca
fliginea in cucumber by foliar sprays of phosphate
and potassium salts. Crop Protection 15 49-53.
Sweeney D W, Granade G V, Eversmeyer M G and
Whiter D A 2000, Phosphorus, potassium chloride
and fungicide effects on wheat yield and leaf rust
severity. J. Plant Nutri. 23(9) 1267-1281.

Patil A R 2000, “Studies in smut and rust fungi”, Ph.D.

.. Thesis submitted to Shivaji University, Kolhapur,

Mabharashtra, India.

Rangaswami G and Mahadevan A 2001, Diseases of
crop plants in India (4" ed.). Prentice-Hall of India
Pvt. Ltd. New Delhi— 110 001.

Maehly A C 1954, Methods in biochemical analysis.
Grick, D. (Ed.), Interscience Publishers Inc., New York,
pp385-386.

Sadasivam S and Manickam A 1991, Biochemicals
methods. Wiley Estern Ltd., New Delhi, pp 110-111.
Carkmak I and Hort W J 1991, Effect of aluminium in
lipid peroxidation, superoxide dismutase and
peroxidase activities in root tips of soybean (Glycine
max). Physiol. Plant. 83 463-468.

Giannopolitis C N and Ries § K 1977, Superoxide
dismutases. I. Occurrence in higher plants. Plant
Physiol. 59 309-314.

Mahadevan A and Sridhar R 1982, Methods in
Physiological Plant Pathology (Il Ed.) P B Sivakami,
Indra Nagar, Madras.

SarkarRK, Chakrabort_\: A and Saha A 1999, Effect of
foliar application of potassium nitrate and calcium
nitrate on groundnut (4Arachis hypogea). Indian J.
Agronomy 44(4) 809-812.

Umar S, Rao N R and Sekhon G S 1993, Differential
effects of moisture stress and potassium levels on
growth and K uptake in sorghun. Indian J. Plant
Physiol. 36 94-97.

Bhargava R and Banerjee VN 1994, Effect of nitrogen
and potassium on the root characteristics of potato
(Solamum tuberosum L.). Indian J. Plant Physiol.
37(2) 130-132.

Breda C, Buffard D, Van Huystee R B and Esnault R
1993, Differential expression of two peanut peroxidase
c¢DNA clones in peanut plants and cells in suspension
culture in response to stress. Plant Cell Rep. 12b
268-272.



17.

18.

19.

20.

21

22,

J. Phytol. Res. 20(1) : 55-59, 2007 5

Kumar S and Nanda K K 1981, Changes in activities
and electrophoretic patterns of peroxidase and
polyphenol oxidase in Impatiens balsamina treated
with gibberellic acid and salicylic acid under varying
photoperiods. Indian J. Expt. Biol. 19(3) 261-266.
Vora A B, Dehal K S and Was AV 1976, Effect of GA
on catalase and peroxidase activity of pearlmillet
(Bajra) seedling grown under restricted moisture level.
Sci. and Cult. 42(9) 479-481. )
Hossain M T, Alam M Z and Absar N 1999, Changes
in different nutrients and enzyme contents in mango
leaves infected with Colletotrichum gloesporiodes.
Indian Phytopath. 52(1) 75-76. '
Mahanda S, Manamohan, Hadli J M and Manjula R
2003, Induction of antioxidant enzymes in the roots
of papaya response to pathogen causing root rot of

_ Papaya and its interaction with VAM and biocontrol

agents, 2" International Congress of Plant Physiol.
1-12,2003, New Delhi, India pp 575.

Heath R L and Packer L 1968, Photoperoxidation in
isolated chloroplasts 1. Kinetics and stoichiometry
of fatty acid pexoxidation. Arch. Biochem. Biophys.
125 189-198.

Dhindsa R S and Matowe W 1981, Drought tolerance ‘

-

in two mosses : Correlated with enzymatic defence
against lipid peroxidation. J. Expt. Bot. 32 79-91.

23. Chaudhuri K and Chaudhuri M A 1993, Effect of
short-term NaCl salinity stress on free radical mediated
membrane damage in two jute species. Ind. J. Expt.
Bot. 31 327-331.

24 Monk L A, Fagersted K V and Crawford R M 1989,
Plant Physiol. 76 456.

25. Jones D H 1984, Phenylalanine ammonia-lyase :
Regulation of its induction and its role in plant
development. Phytochemistry 23 1349-1369.

26. Peltonen S and Karjalainen R 1995, Phenylalanine
ammonia-lyase activity in barley after infection with
Bipolaris sorokiniana or treatment with its purified
xylanase. J. Phytopath. 143 239-245.

27. Hammerschmidt R, Nuckles E M and Kuc J 1982,
Association of enhanced peroxidase activity with

-induced systemic resistance of cucumber of
Colletotrichum lagengrium. Physiol. Plant Pathol.
20 73-82.

28. Rahe JE, KucJ, Chien-Met Chuang and Williams E B
1969, Correlation of phenolic metabolism with
histological changes. Netherlands J. Plant Pathol.
75 58-71.



