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ABSTRACT

Seed treatment is the use of seed as deliverynsyateleployment agent for different materials.
Seed treatments offer economical and less pollutieivery system compared to  other field
application techniques, since only a relatively Breamount of material is applied and is i
immediate contact with target site. Seed coatinth antagonistic microorganisms has beén
abundantly documented and there are several lifesxperimental evidences to show that s¢ed
treatment with bacterial and fungal antagonistie effective in protecting germinating embryes
from pathogens. Reports clearly indicate the pdlsib of inducing Systemic acquired resistange
(SAR) in host plant against pathogens by seednredat with SAR inducers. Induction of resistance
by seed treatment is of practical way to delivenddis of SAR. This artificial manipulation
plants’ defense system provides a biologically, irenmentally and commercially valuabl
alternative to existing plant disease managing picgs. The paper reports use of seed treatment in
effectively inducing SAR in otherwise susceptitdarlpmillet against Sclerospora graminicol
(Sacc.) Schroet. The induced resistance is coedl&t increase in growth parameters and incregse
in yield.
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INTRODUCTION
The major constraint in pearl millet productiondewny mildew disease caused by the oomycetous,
biotrophic fungusSclerospora graminicolaSacc) Schroet which reduces pearl millet production by
about 30% to 270 million US dollars during epidesnits reported by Shetty and Shetty, 199bwny
mildew disease has been managed by use of cufitaalices, fungicide and resistant cultivar withith
limitations. Cultural methods to manage the diseasenot effective, since pearl millet is knowrgtow
under a wide range of conditions. Fungicide util@a has been reduced due to the concern for
environment and health, development of resistardinst by the pathogen and need for extensive
toxicological and field testing before release afeav chemical. The other method of managing downy
mildew disease is by use of resistant cultivared ahis strategy faces the problem of naailability
of durable resistance as many of the popular hgbrilave been withdrawn from cultivation due to
breakdown of their resistance. Thus, growing camedrout the environment, depleting genetic sources,
development of resistant strain by the pathogenusedf fungicides together with a strong motivatio
lower production costs encouraged exploration dfotmethods which are durable and complement
resistance breeding and pesticide use for manadpmgy mildew disease in Pearl Millet. One such
procedure is the ‘Induction of Resistance’ obsefyg®urrant and Dong, 2004 otherwise susceptible
plants against pathogens in response to an ext&imallus without a known alteration of genome.
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The present study was conducted to test the pessibuction of systemic acquired resistance (SAR) i
pearl millet against downy mildew using plant egts as agents and relate it to vegetative growth
responses of induced resistant plants.

MATERIALS AND METHODS
Host Plant: Cultivars of Pearl Milleviz., 7042S and IP18294, highly susceptible and higasjstant to
virulent pathotype 1 ofs. graminicola,obtained from International Crop Research Ingitistr Semi-
Arid Tropics, Hyderabad, India, were used for thalg.
Pathogen: A virulent pathotype 1 ofs. graminicolaisolated from and maintained on the Pearl Millet
cultivar (7042 S) under green house conditions weasl.
Solvents: Total components of the test biotic inducers wextraeted with distilled water, acetone,
chloroform and methanol af €.
Biotic inducer: Biotic inducers used in the study include leaf mate of the commonly available
medicinal plants. 25 grams of sample was grinadead fine paste with test solvents &C4 Later the
samples were centrifuged at 10,000 g for 15 minates the supernatant used as a source of inducer.
Later the inducer solution was air dried to obtfre powder. This powder was dissolved in distilled
water (25 ml) and appropriate dilutions made jusfolke uselnitially the test inducers were tested for
their effect on germination at a concentration abo1100% v/v. Those concentrations, which did not
effect the germination, were selected to test thiééict on the zoospore releasesoframinicola
Test for antifungal activity: ~ Antifungal activity of the test inducers were &bticcording to shetit
al., 1989.
Seed treatment with inducers and their effect ongymination: Seeds of pearl millet surfaced sterilized
with 0.01% sodium azide for 5 minutes followedtbgrough washing in sterile distilled water to remo
the excess sodium azide were immersed in diffexem¢entrationsiz., 10, 20, 30,40,50,60,70,80,90, and
100% Inducer, curry leaves extracts in distilledengwt/v) at 26C for 1-8 hours. After treatment the
seeds were washed in tap water for 20-30 secondsitave excess adhering inducer and then air dried
laminar airflow for 3-4 hours until the seeds regal their original weight. Germination tests weoaa
according to ISTA, 2005 specification by placthg seeds between n sheets of moistened papdstowe
at 25°C. Seeds, which received distilled water treatm&ate used as controls.
Inducer treatment: Concentration of the inducer in distilled water,igthdid not effect the germination,
was used to test for its efficacy to induce reaistain seeds of pearl millet against downy mildésedse
in the present study. The seeds were immersedsisofution (100 seeds in 25 ml) for 24 hours 820
and later processed as above. These treated seeelsown onto earthen pots consisting of soil; sand
and manure mix of 1:1:1 and watered regularly andintained under green house condition.
Corresponding sets of experiments in sterile thstivater was considered as control.
Collection of sporangia and preparation of inoculum Collection of sporangia and release of zoospores
was as per the protocol detailed by Saffeeullag188r challenge inoculation; the zoospore inocultm a
a concentration of 3xt@nl™* was used.
Test for induced resistancelhe treated as well as the control seedlings omigetion i.e. five days
continuously from single leaf stage (~4 days aft®wing) onwards were challenge inoculated by whorl
inoculation with 3x10zoospores riflas detailed by Singh and Gopinath, 1985
Maintenance of plantsThe plants after inoculation were maintained urgfeen house conditions and
assessed for disease expression. The plants weéseediaegularly and further supplemented with NPK
every fortnight. Seedlings treated with sterilditiesl water alone served as control.
Assessment of diseas&Careful observations were made for the appearahdewny mildew disease
symptoms in plants inoculated with zoospore$oframinicola Seedlings were rated as diseased when
they had any of the typical symptoms of downy mildiéke yellowing or reddish brown coloration,
stunted growth and green ear. At the end of 60,diigease incidence was recorded as the perceoitage
plants showing symptoms of downy mildew diseasetiBinducer curry leaves extract in distilled wate
at a concentration of 40% wt/v protected pearlahilants against downy mildew.
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Effect of induced resistance on Seedling vigouSeeds treated with 40% wt/v of distilled water agtr

of curry leaves were tested for germination following the standalatter method according to Anon,
199%. Four replicates of 100 seeds were taken for saofple. Germination percentages, seedling root
and shoot lengths were determined and seedlingivicaiculated using the formula formulated by Abdul
Baki and Anderson, 1973

Assessment of inducer treated plants for Downy ndew disease40% of distilled water extracts of
curry leaves tried protected the pearl millet pdaagainst downy mildew but to varying degree. A
maximum of 68% disease protection was observed 208 of distilled water extracts of curry leaves
There was decrease in protection to 35% on tredtofeseeds with0.5%. However control - distilled
water treated ones also showed a disease inciden®i% Table 1 Evaluation of vegetative and
reproductive growth parameters was carried outraaog to Kumar et al., 1998

Statistical analysis: The experimental data obtained were subjected unc@n Multiple Range test
(DMRT) and one way Analysis of Variance whereaguired (ANOVA).

RESULTS
Evaluation of efficacy of biotic agent-extracts ofnedicinal plants to induce SAR on seed treatment
of pearl millet against downy mildew; Seeds of pearl millet showed varied germinatiorcgmiage on
treatment with different extracts of the medicipknts for various time intervals. Maximum germioat
was obtained when the seeds were treated with 26-48/ of the test inducer for 6 hours. Accordingly
on identifying the best concentration of the sotvextract which does not effect the germination el
duration of treatment, the seeds were treated vétlging concentration of chemical inducer listed fo
identification of efficient resistance inducer agaidowny mildew. To begin with, the antifungaliaity
of the inducers under test were tested as desanbmdterials and methods.
Antifungal activity of chemicals and osmoconditiones; Degree of release of zoospores and their
germination after encystment were the same botherest inducer and the control. Thus concludiag t
the test inducer had no direct antifungal activity.
Induction of resistance in pearl millet seeds by uisg different extracts of medicinal plants; The test
inducer used for identification of resistance intlrt in pearl millet is listed iffable 1 The plants
exhibited healthy look for around 15 days of chadle inoculation. However, later they started estimnigi
the diseased symptoms to varying degrees. Thostespaowing any of downy mildew symptoms were
noted as diseased and are compile@idble 1 Except for the distilled water extracts of culegves at
40% wt/v, which showed 56% of disease protectioanen of the other extracts, tested showed
recognizable protection against downy milddvig(1). Corresponding distilled water control, which did
not receive any of the inducer treatment showed 8Béisease expression.
Effect of induced resistance on Seedling vigouRf all the biotic inducer tested, distilled wagxtracts
of curry leaves at 40%wtv/v showed comparativebyhier induction of resistance in pearl millet aghains
downy mildew. Hence this inducer was further eatdd for effect on seedling vigour. Details oft tes
carried out and the control used are describedaitenals and methods. Differences in mean roottkeng
and mean shoot length and percentage germinatirctimsisted of seedling vigour (between the contro
and the test plants) are presentedable 2 and Fig 2.Seeds treated with a solution of 40% of
distilled water extracts of curry leaves exhibitgnificant increase (p=0.05) in root and shoogth
along with increase in germination when compareth wistilled water treated susceptible or resistant
cultivar of pearl millet. The difference in percagé germination between the inducer treated smmpl
and control was not significantly high (p=0.05)rasorded on the seventh day of incubation. However
marked difference in percentage germination witferemnce to increased seedling vigour in inducer
treated plants was observed during the first 3 dayscubation (data not shown).
Vegetative growth parameters:Routine pathogenicity experiments showed that it cultivar of
pearl millet (HB3)to be highly susceptible to dowmjldew however on treatment at a concentration of
40% of distilled water extracts of curry leavestpoted the plants to an extent of 69%.
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The induction of resistance was through seeds tawds interesting to note that the increased segdli
vigour (Fig 2, Table 2)of the protected plants compared to those of otstvas maintained through out
the growth of the plant. Differences in the vegetagrowth envisaged by the developmental variatibn
the test and the control were tabulated by detengitheir heights ( from the ground level to the of
the panicle), root formation and number of tilleFae results of the experiments are presentddiole 3
Reproductive growth parameters:This was studied with the same set of plants ttiwsewere used for
vegetative growth parameter testing. The resukspmesented iffable 4 The number of productive
earheads per protected plant was 8 as againsth® icontrol. Seeds of the protected plants weggdoi
in size with increased biomass. The time requioecb0% flowering was also earlier in induced resist
plant compared to those in control plants.

Table 1: Details of the inducers tested for systemic acquiceresistance in pearl millet against downy mildew

Name of Part of Solvent Concentration | Downy mildew | Disease protection over,
medicinal plant | plant used (wt/v) incidence control (untreated) %
selected
Cymbopogan Acetone 40 55 44i
citrates Leaves Methanol 40 60 38¢g
(Lemon grass) Chloroform 40 58 40h
Distilled 40 68 30f
water
Acetone 40 98 0
Zingiber Methanol 40 97 Ola
officinale Rhizome | Chloroform 40 80 18¢c
(Ginger) Distilled 40 57 41h
water
Trigonella Acetone 40 58 40h
corniculata Methanol 40 85 13b
(Methi/ Seeds Chloroform 40 58 40h
Fenugreek) Distilled 40 59 399
water
Acetone 40 72 26e
Cicca acida Fruit Methanol 40 61 38g
(Gooseberry) Chloroform 40 72 26e
Distilled 40 75 23d
water
Acetone 40 53 45i
Murraya Methanol 40 76 22d
koenigi{Curry Leaves Chloroform 40 70 28e
leaves) Distilled 40 43 56f
water
Distilled water _ _ _ 98 _

Unprotected control, Results are an average ofdependent experiments of four replicates of Zslbegs each. Figures
followed by the same letter in the same colummatesignificantly different at 0.05 level when sedfied to DMRT.

Table 2: Effect of Seed treatment with medicinal @nt extracts on seedling vigour

Treatment M.R.L. (cm) M.S.L. (cm) Germination (% IV
Untreated 2.25 2.72 99 492.03
Susceptible*

Resistant* 3.2 3.62 98 668.36
Inducer treated 6.20 6.72 99 1279.08
Susceptible

MRL Mean Root Length, MSL Mean Shoot Length,  Vigour Index

*Control - Unprotected susceptible 7042 S Seedatéd with distilled water.- Untreated resistant
IP18294 Seeds treated with distilled water. Induceated Susceptible (7042 S) treated with 40% of
distilled water extract of curry leaves.
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Results are an average of two independent expetsnodrfour replicates of 25 seedlings each. Figures
followed by the same letter in the same colummatesignificantly different at 0.05 level when setted
to DMRT.

Table 3: Effect of Seed treatment with medicinal @nt extracts on vegetative growth

Treatment
Parameters Induced resistant Control
Height (cm) 69.03 a 51.10b
No. Of tillers
(average per plant)
Basal 6 3
Nodal 2 3
Total 8 6

Control- seeds treated with distilled water andlehge inoculated

Induced resistant- Seeds treated with inducer lagnl ¢thallenge inoculated.

Parameters were recorded after 30 days of sowmgdkds. Results are based on 2 sets with 3 rteglica
of 25 plants in each experiment. Means followedh® same letter are not significantly different (P
0.05) according to analysis of variance.

Table 4: Effect of Seed treatment with medicinal @nt extracts on vegetative growth

Treatment
Parameters Induced resisitant Control
Height (cm) 75.20a 60.10b
Days required for flowering 33-38a 45-49b
Total no. of productive earheads
per plant
Main tiller 1 1
Basal tiller 6 3
Nadal tiller 1 1
Total 8 5
Length of earhead (cm) 13.4a 09.3b
100 seed weight (g) 14.3a 08.4b

Control- seeds treated with distilled water andlehge inoculated

Induced resistant- Seeds treated with inducerttzenl challenge inoculated.

Parameters were recorded after 30 days of sowmgedkds. Results are based on 2 sets with 3 tteglica
of 25 plants in each experiments. Means followgdhe same letter are not significantly differeR&(
0.05) according to analysis of variance.
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Fig. 1:

P

Pearl Millet plants protected against downy mild#igease by seed treatment with 40% curry leaxgact.
Unprotected plants infected with downy mildew iscashown (left)

Fig. 2:

Pearl Millet seedlings showing increased seedliggur on seed treatment with 40% curry leavesaek
Unprotected seedlings treated with distilled wéelso shown (left)
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DISCUSSION
Resistance in plants is highly versatile and alagfven the susceptible plants can be protectad fro
microbial diseases by developing systems to indesistance in them as reported by Durant and Dong,
2004. Induction of resistance being an technique irtroding the disease manifestation caused by wide
range of pathogens, has been applied in many moyiedonous plants, and has proved to be promising
in control of downy mildew in pearl millet, Geethad Shetty 2062 Earlier studies have convincingly
established the operation of SAR on prior inocalatof the seedlings with sub optimal dose of the
virulent pathotype o8. graminicola.Since this method was not ideal, time consumird)@ossibility of
outbreak of disease was more, an approach of segtthent was developed. Seed treatment is a phctic
approach to fulfill all the objectives of acquiregkistance and offers the advantage over otheratont
measures for easy application under commercialcalguial conditions. Chester 1983reported
induction of SAR by seed treatment with SAR indscom plant extracts are available. However
since, treatment of the plant extracts to the d@exinot been yet attempted in pearl millet extratts
commonly available medicinal plants were testedtfmir efficacy to induce resistance in otherwise
susceptible pearl millet seeds.
The elicitor moiety present in plant extracts maygyotein, low/high molecular carbohydrate or lipid
moieties which may be polar or non polar in natlitence different extracts were tested. Generally in
water extracts protein components and a few higrecotar weight carbohydrates can be brought into
solution. Similarly in acetone and methanol polad anon polar high and low molecular weight
carbohydrate moieties are obtained. Lipid moietia®m be obtained by extracting the samples in
chloroform. Medicinal plants from different famiiewere tested. Water, acetone, chloroform and
methanol extracts of these plants were obtainedtendeeds of pearl millet were tested for thecefté
these extracts on seed germination.
Effect of different extracts on seed germinatiooveh that irrespective of the solvents used there ava
mixed response of seed germination to differentragexs tested. Those extracts, which showed
germination to a higher extent similar to that ofittol, were selected for testing for their abitibyinduce
resistance in pearl millet seeds. Gacal., 2001 has studied similar observations on effect of seed
germination in different extracts of plant in Potat
The concentrations selected for testing for indurctf resistance were preliminarily subjected tadgt
their effect on the test fun@. graminicola The zoospores in the test solution were reletsdle same
extent as in distilled water. Hence it is eviddmattthe chemicals being tested had no antifundiitgc
Prior treatment of pearl millet seeds susceptibléawny mildew with aqueous solution of test exisaxs
inducers can be used for inducing SAR in pearlenilDn evaluation of the seedlings for expression o
downy mildew disease, it was observed that thelisgmsdraised from seeds that were treated with 0%
distilled water extracts of curry leaves showedadhigicantly reduced downy mildew disease, hence more
disease protectionTéble 1 ) in comparison with the other treatments. Congpids in extracts of the
family Solanaceae was first shown to be a biotduger of resistance in tomato against herbivores by
Pearce and Ryan, 2063 Reports are also available for induction of tesise by extracts from
Solanaceous crops. Later studies have identified aittive component responsible for induction of
resistance was a polypeptide named Systemin. Sistbas been reported in potato, pepper, and
nightshade and other related Solanaceous specié¢ahy and He2004°. However in an exceptional
case, the active component found in tobacco wasowtologous with the systemin found in all other
solanaceous crops. It is found to be a carbohydnadified polypepetide. The findirthat the tobacco
systemins are not homologous with tomato, potaépper, or nightshade systemins raises questions
concerning thg@ossible universality of systemins and their strcadt variabilityamong species. Despite
structural differences among the polypeptikfense signals, plant-derived polypeptides tighal
defense genes, locally or systemically, are callelemins. Systemins homologous to tomato or tabacc
systemindave not been found in species outside the Solaedeily,but searches for their presence in
other species continue.
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The data indicate that systemins and their receptonybe a common feature of plants, but that
structurally differentsystemin polypeptides may serve the same functiondifferent plant species
Adermanret al.,2004*,
Pearl millet seeds treated with a solution of tiéstiwater extracts of curry leaves exhibited digaint
increase in root and shoot length along with ineeeim germination compared to seeds soaked only in
distilled water. The difference in percentage geation between the inducer treated samples and othe
treatments was not significantly high as recordedtiee 7 day of incubation. However, marked
difference in percentage germination with referetaceicreased seedling vigour in inducer treateohts
was observed during the first 3 days of incubafiata not shown). Similar observations of incraase
seedling vigour were observed on inducing resigtananany plants by Het al., 2002°, Ongena et al.,
2004°. Cohen 2002 has explained this observation as likely to be wuehange in hormonal balance
during induction of resistance and / or could be do interaction of different hormones and their
guantities that results in expression of phenotype.
Thus the results of this study contribute to deprdent of a promising method to effectively inocalat
the seeds with required inducer of resistance. Témhnology employed utilizes activation or
enhancement of plants defense mechanism. Thisnsysferesistance for protection against downy
mildew is effective and suggests the possibilityrefurning the use of some cultivars of pearl rille
which all the desired qualities but have been wakah from cultivation due to their susceptibility t
downy mildew.
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