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SUMMARY

ant pathogens play an important role and

pose challenges on the increased
production of pulses, among which the fungi
form the most important group of pathogens
affecting pulse crops. In green gram,
considerablelossesin the production occur as
a result of powdery mildew (Eryisphe
polygoni.DC) in all areas having rice based
cropping systems of the country (Abbaiah,
1993). Disease reduction by mineral nutrients
is most often attributed to improved nutrition
that boosts host defense or directly inhibits
fungal growth and its activity. In few cases,
nutrition indirectly stimulates the indigenous
population of microorganismsthat arebeneficia
to plant growth and act as antagonists to
pathogen.Induction of plant defense genes by
prior application of inducing agents is called
induced systemic resistance (ISR)
(Hammerschmidt and Kuc, 1982)and isthought
to be anovel plant protection strategy.

MATERIALS AND METHODS

Physiology and biochemical aspects of
induction of resistance by nutrients

For assaying induced resistance by
botanicalsand minera nutrients, the plantswere
sprayed with appropriate concentration of plant
extracts and mineral nutrients on 30 days old
crop. After 48 hours the treated plants were
challenge inoculated with the conidial
suspension of E. polygoni (10%ml) Then the
plant samples were collected on 0,1,3,5and 7

Induced systemicresistancein green gram by foliar spray of plant productsand mineral nutrientswere
sudied for themanagement of powdery mildew pathogen. Foliar application of plant extractsviz, Allium
sativum, Prosopisjulifora, Trianthemum portulacastrum and Zinc sulphate (0.1%) induced theenzyme
activity viz., per oxidase (P0), polyphenol oxidase (PPO) and phenyl alanineammonialyase(PAL) in
green gram leaveschallenged with thepowdery mildew pathogen.

daysafter inoculation.

Enzyme extraction:

Using prechilled pestleand mortar, 1 g of
|eaf samplewas homogenizedin2ml of 0.1 M
sodium phosphate buffer (pH 7.0). The
homogenate was centrifuged at 10,000 rpm for
10 minutes at 4°C and the supernatant was
used as enzyme source for the assay of
peroxidase activity (PO).

Assay of peroxidase:

Peroxidase activity was assayed
spectrophotometrically. The reaction mixture
consisted of 1.5ml of 0.05M pyrogalol, 0.5ml
of enzyme extract and 0.5 ml of one per cent
H,O, which was incubated at room
temperature. At start of enzyme reaction, the
absorbance of the mixture was set to zero at
420 nm in aspectrophotometer and the change
in absorbency was recorded at 30 seconds
intervalsfor 3 minutes. Boiled enzyme extract
served as control. PO activity was expressed
as change in the absorbance of the reaction
mixture per min per g on fresh weight basis
(Hammerschmidt and Kuc, 1982).

Assay of polyphenol oxidase:

The enzyme source for the assay of PPO
was prepared as that of PO. The polyphenol
oxidase was determined as per the procedure
given by Mayer et al. (1965). The reaction
mixture consisted of 1.5 ml of 0.1 M sodium
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phosphate buffer (pH 6.5) and 200 pl of the enzyme
extract. To start the reaction, 200 pl of 0.01 M catechol
was added and the activity was expressed as changesin
absorbance at 495 nm per minute per g on fresh weight
basis (Table 2).

Estimation of phenol:

Total phenol (mg per g of leaf) was estimated at O,
3, 6, 9 days after pathogen inocul ation. An uninocul ated
control was maintained as check.

Preliminary extract of green gram leaf in alcohol:

The leaf samples were chopped into small bits of
one cm length and plunged into 80 per cent ethanol kept
in water bath for 10 minutes and cooled in running tap
water. The tissues were crushed thoroughly in a pestle
and mortar and the extract was centrifuged at 5000 rpm
for 10 min. The supernatant was collected and extract
was diluted with 25 ml of distilled water and was used
for estimation.

Total phenals:

From the ethanol extract, 0.1 ml was taken in test
tubes and evaporated in aboiling water bath. To this, 6
ml of water was added and shaken well. Then 0.5 ml of
Folin ciocalteau reagent was added to each test tube and
after 8 minutes 2 ml of 20 per cent sodium carbonate
was added. After 30 minutesblue colour devel oped which
was measured at 660 nm wavelength in a
spectrophotometer (Malik and Singh, 1980). From the
standard graph, the amount of phenol present was
calculated and expressed as mg per g of leaf (Table 3).

Phenylalanine ammonia lyase (PAL):

L eaf sample(1gm) washomogenisedin5 ml of 0.1M
sodium borate buffer (pH 8.8) using chilled pestle and
mortar. The homogenate was centrifuged at 10,000 rpm
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for 20 min. The supernatant was used for the assay of
PAL activity (Dickerson et al., 1984).Thereaction mixture
contained 3.1 ml of 0.1m sodium borate buffer (pH 8.8),
0.2 ml of enzyme extract and 0.1 ml of 12 mM L - phenyl
alanine prepared in the same buffer. The reaction was
stopped by adding 0.2ml of 3 N HCI. The absorbance
wasread at 290 nm. PAL activity was expressed inmicro
moles of cinnamic acid produced per min per g on fresh
weight basis (Table 4).

RESULTS AND DISCUSSION

Foliar application of zinc sulphate (1%) significantly
induced peroxidase activity of 14.13 unit/ min/g of fresh
weight, polyphenol activity of 3.66 unit/min/g of fresh
weight and phenylalanine ammonialyase of 0.35 n/mol/
transcinnamicacid/mg of |eaf tissue asagainst the control
(Tablel). Thiswasfollowed by urea 1% and bulb extracts
of Alliumsativum. The phenol content of the plant treated
with a foliar application of zinc sulphate (0.1%) was
individually significantly superior and recorded 3.48 mg/g
of fresh weight on the fifth day after inoculation against
the control, which hasrecorded 0.22 mg/g of fresh weight.
The next best treatments was foliar spray of urea (1%)
followed by bulb extracts of Allium sativum (Table 3).
Thefollowing chemical compoundsviz., K_.HPO,, K.PO,,
Na,PO, and Na,PO, sprayed on the under surface of
leaves of cucumber also induced systemic resistance
against C. langenarium(Helen et al., 1990). Application
of slicon significantly stimulated the activity of peroxidase
and polyphenol oxidase after infection with Pythium spp.
infecting cucumber (Cherif et al., 1994).

Peroxidases (PO), poly phenol oxidase (PPO) are
reported to be capable of oxidizing phenolsto quinones
and they are associated with disease resistancein plants.
Increased phenyl alanine ammonialyase (PAL) activity
levels leads to the denova synthesis of phenolics
(Glazzener, 1982). PAL isan enzyme of phenyl propanoid

*Peroxidase activity (changes in absorbance / min / g fresh weight at 420 nm)
Treatments Days after inoculation
0 1 3 5 7

Urea (1%) 6.21%® 8.71° 10.41* 12.88° 9.61°
Zinc sulphate (1%) 6.30° 9.70% 12.71% 14132 11.08%
A. sativum (10%) 6.05® 7.80° 9.81° 11.02° 8.78°
P.juliflora (10%) 5.94° 7.40° 9.87° 10.57¢ 8.07°
T. portulacastrum (10%) 5.45° 6.58° 7.81¢ 9.04° 7.64°
Control (healthy) 3.90° 4.02f 4.12° 4.349 4.30°
Control (inocul ated) 4.50° 458 4.61° 463 462"

* Mean of three replications

In a column, means followed by a common letter (s) are not significantly different at 5% level by DMRT
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Table2: Changesin polyphenol oxidase activity in E. polygoni challenged green gram treated plants under pot culture condition

*Polyphenol oxidase activity (change in absorbance/min/g fresh weight at 470 nm)
Treatments Days after inoculation

0 1 3 5 7
Urea (1%) 1.00° 1.40° 2.09° 3.322 2.522
Zinc sulphate (1%) 1.02° 1.40° 2.10° 3.66% 267%
A. sativum (10%) 0.92° 1.13> 1.97° 2.79% 2.18°
P.juliflora (10%) 0.89° 1.20° 2.01° 2.68° 2.14°
T. portulacastrum (10%) 0.64° 0.98° 0.80¢ 1.01¢ 1.77°
Control (healthy) 0.13¢ 0.15° 0.18¢ 0.19° 0.14°
Control (inocul ated) 0.30¢ 0.34¢ 0.36° 0.38¢ 0.37°

* Mean of three replications
In a column, means followed by a common letter (s) are not significantly different at 5% level by DMRT

Table 3: Changesin phenol content in E. polygoni challenged green gram treated plants under pot culture condition
*Phenol content (mg/g of fresh weight of |esf tissue)

Treatments Days after inoculation
0 1 3 5 7
Urea (1%) 2.322 2.11° 2.22° 2.83° 2.66°
Zinc sulphate (1%) 2482 2542 3.27% 3.48% 3.26%
A. sativum (10%) 2.02° 2.32° 2.44° 2.53° 2.28°
P. juliflora (10%) 1.80° 1.98¢ 2.13° 2.45° 2.16°
T. portulacastrum (10%) 1.72° 1.81¢ 1.97° 2.07° 1.77¢
Control (healthy) 0.71¢ 0.70° 0.43° 0.22f 0.19
Control (inocul ated) 1.02° 1.05' 1.16° 1.28° 1.16°

* Mean of three replications
In a column, means followed by a common letter (s) are not significantly different at 5% level by DMRT

ram treated

condition
*Phenyl alanine ammonia lyase activity (nmol ™ transcinnamic acid /mg of leaf tissue)

Treatments Days after inoculation
0 1 3 5 7

Urea (1%) 0.34%® 0.35 0.372 0.352 0.322
Zinc sulphate (1%) 0.36% 0.37% 0.38% 0.35% 0.33%
A. sativum (10%) 0.34® 0.35° 0.36° 0.35° 0.322
P. juliflora (10%) 0.33° 0.35 0.36% 0.35 0.312
T. portulacastrum (10%) 0.27° 0.31° 0.32° 0.28" 0.27°
Control (healthy) 0.12° 0.12° 0.13° 0.13¢ 0.13¢
Control (inocul ated) 0.19¢ 0.19¢ 0.21° 0.20° 0.17°

* Mean of threereplications
In a column, means followed by a common letter (s) are not significantly different at 5% level by DMRT

pathway and may have a definite role in the defense
mechanism of plants (Friend and Threshfall, 1976). PAL
activity is also believed to be associated with the
production of specific phenolic compoundsincluding some
antifungal isoflavonoids, phytolaxinein legumes (Friend,
1981). The phenolic compounds, apart from enhancing
the mechanical strength of host cell wall, may also inhibit
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the fungal growth. Hence they are also fungitoxic in
nature.

Earlier investigationsreveal ed theincreased activity
of PO, PPO and PAL due to the application of neem
seed kernel extract (NSKE) on Colletotricum capsici
infected chilli plants (Renukadevi, 1995), Sarocladuim
oryzaeinfected rice plants (Boopathikannan, 1995), and
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the leaf extracts from P. juliflora, Zizphus jujuba and
A. sativum on Pyricularia oryzae infected rice plants
(Kamalakannan, 1994).Thus, theresultsclearly revealed
that foliar spray of A. sativum (10%) and zinc sulphate
(1%) caused bio chemical changes like increasing the
activity of enzymes, accumulation of phenols and
increasing protein content which led to resistant reaction
against the powdery mildew pathogenin green gram apart
from their direct action by creating an unfavorable
situation for the conidiato establish and grow. The studies
have d so shown the possibility of management of powdery
mildew disease of green gram by using plant extracts
and mineral nutrients which are non hazardous to
environment eco friendly and economical.
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