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Influence of antagonistic agent, plant products and chemical
agents on the powdery mildew disease of bhendi and its

production
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ABSTRACT

Field investigations were made to study the influence of integrated disease management involving plant products
and biological control agents of powdery mildew of Bhendi (Erysiphe cichoracearum DC) with ten treatments
viz.,Pseudomonas fluorescens|_, (0.2%), P.fluorescens 1(0.2%), Ocimum sanctum 10%, Neem Seed Kernel Extract
5%, K,HPO, 50 mM, Sdlicylicacid 1mM, O. sanctum 5% + P. fluorescens| , (0.2%),Neem Seed Kernel Extract
5% + P.fluorescens|,,(0.2%), Carbendazim 0.1% and Control. Two sprays were given,; first one on 30 days after
sowing and the second one on 60 days after sowing. Powdery mildew disease severity was recorded at weekly
interval after the second spray on randomly selected plants based on 0-5 grade scale and PDI was calculated. At
the end of the season, yield was recorded in each plot. The minimum disease incidence of 8.83% was recorded
with Neem Seed Kernel Extract 5%+ Pseudomonas fluorescens 1., 0.2% followed by 9.49% with Pseudomonas
fluorescens 1,,0.2%,10.36% with carbendazim and 11.9% with Pseudomonas fluorescens -1.The yield was also
increased to the tune of 43.43% over control in NSKE 5%+Pseudomonas fluorescens |, followed by 42.44% in

Pseudomonas fluorescens |,

41.84% with 0.1% carbendazim and 39.73% with Pseudomonas fluorescens-1.
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INTRODUCTION

Bhendi, an important vegetable crop in India, is affected
by powdery mildew disease caused by Erysiphe
cichoracearum DC. Powdery mildew continuesto pose a
serious threat to Bhendi production by inflicting heavy
losses. Since Bhendi is grown throughout the year,
management of the disease is important to get profitable
yield. At present for the management of diseases in
vegetable crops chemical fungicides are the first choice
for the farmers. With increasing awareness of possible
deleterious effects of fungicides on the ecosystem and
growing interest in pesticide free agricultural products
biological control now appearsto be apromising strategy
for managing diseases in arange of crops (David, 2008).
Colonization by an antagonist is a pre requisite for
biological control and thus organisms that grow well on
the phylloplane are usually better candidates. Thetactics
for improving phyllosphere biological control involves
manipulations either of the plant or microbial agent
(Aggarwal and Srivastava, 2001). Investigations were
carried out to gather information for the effective
management of powdery mildew of Bhendi by biopesticides
like Pseudomonas fluorescens |, P.fluorescens 1,
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agueous extract of Ocimum sanctum leaf, Neem Seed
Kernel Extract (NSKE) and chemical agents such as K,
HPO, salicylic acid, carbendazim along with control
(water).

MATERIALSAND METHODS

Experimentation and treatments

Fieldtrail waslaid out in Randomized Block Design with
aplot size of 5x 4 m each using the variety, ArkaAnamika
at Mamsapuram, Virudhunagar district, Tamil Nadu with
the following ten treatments viz., Pseudomonas
fluorescens|.,(0.2%) (PFI18), Pfluorescens 1 (0.2%) (PF1),
agueous extract of Ocimum sanctum leaf (10%) (OSAE),
neem seed kernel extract (5%) (NSKE) , K,HPO, (50 mM),
sdicylicacid (1mM), O. sanctum 5% + P. fluorescens|
(0.2%), neem seed kernel extract (5 %) + Pfluorescens|
(0.2%), carbendazim (0.1%) and control (water). Two
sprayswere given; first one on 30 days after sowing and
the second one on 60 days after sowing. Powdery mildew
disease severity wasrecorded at weekly interval after the
second spray on randomly selected plants based on 0-5
grade scale and PDI was calculated. At the end of the
season, yield was recorded in each plot.
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Quantification of phylloplane P. fluorescens after
spraying

Bhendi leaf samplesfrom P.fluorescens sprayed treatment
and control plotswerecollected at 0, 1, 7, 14, 21, 28 days
after spraying. On each sampling period one gram of |eaf
sample was weighed and cut into small bits by means of a
sterilized scalpel. Theleaf bitswere suspended in 10 ml of
sterile distilled water, thoroughly shaken for five minutes
and allowed to stand for five minutesto give 10 dilution.
From 10t dilution, 1ml aliquot was added to another 9 ml
of sterile water blank to give 102 dilution. Likewise
dilutions up to 10-¢ were prepared. Fifteen ml of King'sB
medium was added to plates containing 1 ml of 10 dilution.
The plates were gently rotated for mixing the inoculum
with the medium. Three replications were maintained.
Colonies were counted after two days of incubation and
the results were expressed as CFU x 106 g of leaf.

Satistical analyses

The dataof PMD incidence weretransformed into arc sine
for statistical scrutiny, wherever necessary (Gomez and
Gomez, 1984). The data were subjected to statistical
scrutiny following the method of Panse and Sukhatme
(1989) and Gomez and Gomez (1984) and the means were
compared with Least Significant Difference (L.S.D.).

RESULTS

Powdery mildew incidence

Inthefield trial conducted for the management of powdery
mildew of bhendi using plant products, antagonists and
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abiotic elicitors, the per cent disease index was ranged
from 6.22 (NSKE + P. fluorescens || , at 1 WAS) to 78.44
(Control at 4 WAS) (Table 1). The influence of the
treatments, periods of observations and their interaction
effect were significant. Overall mean disease intensity for
the treatments ranged from 10.16 to 57.66. The per cent
disease reduction over control in the tested treatments
ranged from 54.04 (O. sanctum) to 82.38 (NSKE + P.
fluorescens| ;).

Phylloplane survival of Pseudomonasfluorescens

The data on the survival of P. fluorescens on leaves of
bhendi after foliar spraying showed that there wasaninitial
increase in the population even on the very next day of
spraying in all the treatments (except control) and the
increasing trend continued upto 14 days after spraying
(Table 2).The population of P. fluorescens on leaves of
bhendi after foliar spraying with the treatments varied
from 3.50t046.00 x 10° cfu gof (Table2). Thetreatments,
periods of observation and their interaction effect
exhibited significant influence on the population of P.
fluorescens. Overall mean values indicated that
application of P. fluorescens |, recorded the highest
population of P. fluorescens followed by NSKE + P.
fluorescens 1, P. fluorescens 1, O. sanctum + P.
fluorescens 1, and control. The population of
Pseudomonas attained a peak at fourteenth day after
treatment (34.85) and thereafter the population declined.
Though the Pseudomonas population decreased after 14
days, thelevel at thefinal sampling period was morethan

Table 1. Effect of biotic and abiotic treatments in the management of powdery mildew disease of bhendi

Treatments WAS Mean Disease
1 2 3 4 reduction (%)

P fluorescens |, | 6441465 | 10331872 | 12222044¢ | 16222373 | 1130(1937°| 8040
P fluorescens 1 711(1545 | 1199(2018° | 1555(2318° | 1866(2555° | 1333(2L10°| 7688
0. sanctum 911(1756) | 22442825 | 3422%(3579) | 40223935 | 265030237 5404
NSKE 711(1545 | 155523157 | 2311(2873¢ | 27.89(3L82° | 1842(2482)°| €805
K, HPO, BAA1685) | 202227420 | 30443346¢ | 3599368) | 2377(2846f | 5878
sdlicylicacid 666(1480° | 1866(2555° | 2666(3L05 | 3244(3470F | 2111(2648°| 6339
O-sanctum + 8221664 | 1999(26.42¢ | 3L99(3439)¢ | 3511(3633) | 23832839 | 5867
Pfluorescens|
NSKE+ 6221442 | 88917267 | 11.992018¢ | 1355021565 | 1016(1838°| 8238
Pfluorescens|
Carbendazim 599(1406° | 999(1834 | 14882263F | 17762488 | 1216(2002°| 7891
Control 348836.15¢ | 5199(4609) | €533(B30L)7 | 7844(623L)" | 57.66(49.63)"
Mean 1002(1761 | 1901(2514F | 26643038° | 3L63d(33.70)°

WAS-Week after spraying; Valuesin parentheses represent arc sine transformed values, In the column, means followed by a
common letter are not significantly different at 5% level by DMRT
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Table 2. Survival of Pseudomonas fluorescens on bhendi leavesin thefield tria

Daysafter foliar lication
Treatment id P

0 1 7 14 21 28 Mean
P. fluorescens | 18 1900 25.25° 35.007 51.252 46.007 27,07 33.922
P. fluorescens 1 16.25% 20.00¢ 30.00¢ 40.50¢ 35.25¢ 20.75¢ 2713
O. sanctum 150 19000 250 2875 2350 11000 | 1996
+ P. fluorescens|
NSKE +P. fl uoresé%nsl18 17.25% 23.25¢ 32.000 50.000 4425 25.25° 32000
Control 4.00¢ 4,258 3.5° 375 3.50¢ 3.5 375
Mean 14.30F 18.35° 24.60° 3485 30508 17506

In the column, means foll owed by acommon letter are not significantly different at 5% level by DMRT

the initial population in al the treatments except in O.
sanctum + P. fluorescens | treatment

Bhendi fruitsproduction

Thetreatmentsimposed for the control of powdery mildew
were found to exert significant influence on the yield of
bhendi fruits. All the treatments significantly increased
the yield of bhendi fruits (Figure 1). As observed in the
disease incidence reduction, the maximum yield was
recorded in NSKE + P. fluorescens | , followed by P.
fluorescens |, carbendazim, P. fluorescens 1, NSKE,
salicylic acid, K,HPO,, O. sanctum + P. fluorescens |
and O. sanctum . It is interesting to note that except O.
sanctum, all other treatmentsincreased the yield by more
than 20%.

Figure 1. Effect of biopesticides (P. fluorescens |, —
PFI18, P. fluorescens 1 — PF1, O. sanctum—OSAE, neem
seed kernel extract — NSKE) and chemical (Salicylicacid—
SA, Carbendazim — CAR, Water - control) treatments on

yield of bhendi fruits (Kr/ha)
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DISCUSSION

Results revealed that spray application of NSKE + P.
fluorescens |, drastically reduce the powdery mildew
disease incidence and increased the fruit yield compared

to control followed by P. fluorescens|,, NSKE, salicylic
acid and K,HPO, treatments .Previously it was reported
by Nallathambi et al. (2003) that spraying of nativeisolate
of P. fluorescens (CIAH-196) combined with karathane
resulted in 97.59% control of ber powdery mildew. P.
fluorescens al soreduce collar rot incidence of brinjal and
significantly increased thefruit yield (18,165.78 Kg hat)
as compared to that of brinjal (8553.79 Kg ha?) (Jadon et
al., 2007). Salicylic acid 10mM significantly (73.89%)
inhibit the growth of Botrytis ricin Godfrey infection in
castor (Kumar et al., 2007). Our results showsthat salicylic
acid even at 1mM reduce PMD by 63.39 per cent reveals
its higher control efficiency. Ragupathi and Thamburaj
(1990); Rettinassababady et al. (2000) found that NSKE
(5%) was superior in containing the powdery mildew
disease and increasing the yield of blackgram and Bhendi
respectively. Present results also revealed that NSKE
reduce more than 68 per cent powder mildew disease
incidence. It was slightly reduced when salicylic acid as
reported by Amaresh et al. (2001). They reported that
salicylic acid treatment as foliar spray caused reduction
in the root rot disease caused by Rhizoctonia solani in
cowpea. The efficacy of phosphate and potassium salts
in controlling powdery mildew of cucumber was reported
by Reuveni et al. (1996).

Biological control has emerged as the most promising
means for management of diseases. In recent years
phylloplane bacteria having unique ability to survivein
their host plant (Chowdhury and Verma, 1980; Beattie and
Lindow, 1999; Mondal, (2004) and also holds great promise
inthefield of biological control (Mondal and Verma, 2002).
One of the pre-requisites for the efficiency of biological
control agents in controlling the plant diseases is their
capacity to surviveinthetarget sites. In the present study,
when biopesticides sprayed either alone or in combination
with plant extract on bhendi foliage, the population
increased steadily upto 14 days and thereafter declined.
Gnanamanickam and Mew (1992) stated that the
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antagonists preoccupy the infection site and deprive the
sameto the pathogen. Beattie and Lindow (1999) reported
that the bacterial multiplication and colonization depend
on modification of |eaf habitat, ingression and egression.
The studies of Krishnamurthy and Gnanamanickam (1998)
clearly demonstrated the survival of foliar applied P.
fluorescens strain Pf 7-14 in rice up to 40 days. Mean P.
fluorescens |18 establishment was maximum (33.92 5) on
brinjal collar rot (Jadon et al., 2007). However, in the
present study, the antagonist survived in phylloplane only
for a period of fourteen days necessitating repeated
application of the bio control agent for effective disease
management.
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