
113^

MANAGEMENT OF DOWNY MILDEW {Pseudoperonospora cubensis 
(BERK. & CURT.) (ROSTOV.) OF CUCUMBER UNDER PROTECTED

CULTIVATION

By

R ESH M A R A JT .

(2014-11-157)

THESIS

Submitted in partial fulfilment of the requirement 

for the degree of

Master of Science in Agriculture

(PLANT PATHOLOGY)

Faculty of Agriculture 

Kerala Agricultural University

DEPARTMENT OF PLANT PATHOLOGY 

COLLEGE OF HORTICULTURE 

VELLANIKKARA, THRISSUR - 680  65 6  

KERALA, INDIA 

2016



DECLARATION

I hereby declare that the thesis entitled “M anagem ent of downy mildew 

(Pseudoperonospoia cubensis (Berk. & C urt.) Rostov.) of cucum ber under protected 

cultivation” is a bonafide record o f research work done by me during the course of research and 

the thesis has not previously formed the basis for the award to me o f any degree, diploma, 

associateship, fellowship or other similar title, of any other university or society

Vellamkkara, Reshma Raj T 
(2014 11 157)



CERTIFICATE

Certified that the thesis entitled “Management of downy mildew (Pseudoperonospora 

cubensis (Berk. & Curt.) Rostov.) of cucumber under protected cultivation” is a record of 

research work done independently by Ms. Reshma Raj T. under my guidance and supervision 

and that it has not previously formed the basis for the award o f any degree, diploma, fellowship 

or associateship to her

Vellamkkara,
Date 7 / u / ^ 0 l b Chairperson, Advisory committee 

Associate Professor, AICRP(VC) 
Department of Plant Pathology
College of Horticulture,Vellamkkara



CERTIFICATE

We, the undersigned members of the advisory committee o f Ms. Reshma Raj T. 

(2014-11-157), a candidate for the degree of M aster of Science in A griculture, with major field 

in Plant Pathology, agree that the thesis entitled “M anagem ent of downy mildew 

(Pseudoperonospora cubensis (Berk. & Curt.) Rostov.) of cucum ber under protected 

cultivation” may be submitted by Ms. Reshma Raj T., in partial fulfilment of the requirement 

for the degree

M l .

Dr. SamaitfoIe'Kurian P.
(Chairperson, Advisory Committee) 

Associate Professor, AICRP(VC) 
Department of Plant Pathology, 

College of Horticulture, Vellamkkara

Dr. Rehum ath Niza T. J.
(Member, Advisory Committee) 

Professor and Head 
Department of Plant Pathology 

College of Horticulture 
Vellamkkara

Dr. Vimi Louis
(Member, Advisory Committee) 

Associate Professor 
Banana Research Station 

Kannara

Dr. P rad& p  K um ar T.
(Member, Advisory Committee) 

Professor 
Department o f Olericulture 

College of Horticulture 
Vellamkkara

EXTERNAL EXAMINER [
(Signature & Name)

Al

(3



ACKNOWLEDGEMENT

With immense pleasui e I  avail this oppoi tunity to express my deep sense o f gi atitude and 

indebtedness to Dr. Samamole Kurian P. Associate Pi ofessor, Department o f Plant Pathology, 

Chan person o f my Advisory Committee, fo r  the selection o f topic and for the meaningful 

guidance 1 1 emember with gi atitude the unfailing patience kind consideration and suppoi t 

motherly approach and timely help given by her at various stages o f my work and critical 

scrutiny o f the manusci ipt which has helped a lot for the rmpr ovement and successful completion 

o f the wor k

I  am greatly thankful to Dr. Rehumath Niza T. J. Pi ofessor and Head, Department o f  

Plant Pathology College o f  Horticulture and member o f my Advisory Committee for her exper t 

advice, constant inspiration, meticulous help and constr active cr rticisms rendered throughout the 

study period

J would like to acknowledge in depth to Dr Vimi Louis, Associate Professor, Banana 

Research Station, Kannara and member o f my Advisory Committee, for her unbounded support 

suggestions and constant encouragement thr oughout the period o f  work

J express my heartiest gratitude to Dr. Pradeep Kumar T., Professor, Department o f  

Olericulture, College o f  Hor ticulture, Vellamkkara and member o f  my Advisory Committee for 

his ever willing help valuable guidance and cr eative suggestions

I  would like to express my extreme indebtedness and deep obligation to Dr. Koshy 

Abraham, Professor and Head (Retd) Department o f Plant Pathology, College o f Horticulture 

for his meticulous help affectionate advice and well-timed support I  am highly obliged to 

Dr. Anita Cherian K., Professor Department o f  Plant Pathology whose valuable suggestions 

unwavering encouragement and personal support had helped to complete this venture 

successfully



I wish to expi ess my sincei e thanks to Dr. S. Beena, Pi ofessoi Department of Plant 
Pathology Dr. Resmy Vijayaraghavan, Assistant Professoi, Department of Plant Pathology, Dr. 
Deepa James, Teaching Assistant Depaitment of Plant Pathology and all othei teachers for 
their whole hearted cooperation and technical advice

My sincere obligations are due to Dr Sally K  Mathew and Dr. T. Sheela Paul 
Professors (Retd), Department o f Plant Pathology for their valuable suggestions and co
operation

I  express my deep sense of gratitude to Dr. Nirmala Devi S. Professor A1CRP(VC) and 
all the Professors o f Department o f Olericulture, College ofHorticulture, Vellanikkara

I express my deep sense of gratitude to my beloved seniors Mrs. Hima, Mrs. Remya, Ms. 

Aparna, Mr. Ajith, Mr. Ahamed Mujthaba, Mrs. Aswim, Mrs. Arathy, Mrs. Sumbula, Mr. 
Ajithf Ms. Sreethu, Ms. Nithya, Ms. Aswathy, Ms. Reshma and Ms. Milsha who helped me in 
several ways foi the completion o f this venture /  wish to express my sincere thanks to all the 

staff members of the Department of Plant Pathology foi their whole hearted cooperation and 
help

I  sincerely thank my dearest friends Ms. Jamsh, Ms Neeraja, Ms. Neenu, Ms. Vidhya, 
Mrs. Revathy, Ms. Priyanka and Mr. Praveen foi then prompt help and co operation for the 
entire period of study I  wish to express my thanks to loving juniors Ms. Deepa, Ms. Nusrath,

Ms. Femi and Ms. Amrutha o f the Department fi om college ofHoi ticulture, KA U

I  take this opportunity to extend my gratitude to all the non teaching staff members, 
research assistants, Mrs. Greeshma, Mr. Bahuleyan, Mis. Fridin, Mrs. Sujttha, Mrs. Santhi, 
Mrs. Leemole, Mrs. Prasaitna, Mrs. Pushpa, Mrs. Santha, Mrs. Sajtnt and all other labouis of 

the Department o f Plant Pathology and Department of Olericulture, College of Horticultui e 
Vellnikkara for the help offei ed at different stages of study

I sincerely thank Dr. Virupakshaprabhu H Associate Pi ofessoi AICRP on Safflowei 
A R S Annigeri UAS Dharwaidfoi being my external examiner



I  wish to expi ess my sincei e thanks to hbrai lan Dr. A. T. Francis and the s ta ff o f  COH  

Library for the whole heat ted coopei ation and support I  owe special thanks to COH Libi aiy

I  am happy to place on i ecoi d my sincei e thanks to the staffs o f  Computer Centre for  

prompt help in the pr eparation and compilation o f the manuscript I  wish to expr ess my stncer e 

thanks to all members o f administrative staff o f the institution for their whole hearted 

cooperation and timely assistance

I  wish to acknowledge with gratitude the award by Kerala Agricultural University for 

the KA U Junior Fellowship offered during the tenur e o f the M  Sc (Ag )  pr ogramme

At this moment 1 remember with love and gratitude, the constant encouragement and 

inspiration given to me by my beloved grandparents, parents and my brother Arun Raj T. 

without whose support, prayers and blessings I  would not have completed this venture

I think no words can really express my indebtedness to Lord Almighty. I  humbly bow my 

head before Hun.

(Rgshma <Raj <T



<Dedicated to my 6eCoved

parents



CONTENTS

C H A PT E R T IT L E PA G E N UM BER

1 INTRODUCTION 1-3

2 REVIEW OF LITERATURE 4-20

3 MATERIALS AND METHODS 21-30

4 RESULTS 31-69

5 DISCUSSION 70-84

6 SUMMARY 85-88

7 REFERENCES l-x n i

APPENDIX

ABSTRACT |



LIST OF TABLES

Table

No. Title Page No.

1
Incidence and seventy of downy mildew of cucumber under 
polyhouses in farmers’ fields in Thrissur district

32

2
Correlation analysis of disease incidence and severity with major 
meteorological parameters 33

3 Soil nutrient status inside and outside the polyhouse 34

4
Population o f soil microflora inside and outside the polyhouses

35

5
Characters of the pathogen observed under microscope (100 X)

37

6
Soil temperature o f solanzed and nonsolarized beds in polyhouse and 
ram shelter

38

7
Population of soil microflora in polyhouse and rain shelter

40

8
Effect o f different treatments on downy mildew o f cucumber under 
polyhouse

42

9
Effect o f different treatments on downy mildew o f cucumber under 
rain shelter

44

10 Per cent yield loss in cucumber due to downy mildew disease 46

11
Effect o f treatments on biometnc characters of cucumber in 
polyhouse 47

12
Effect o f treatments on biometric characters o f cucumber in rain 
shelter 48

13
Economic analysis o f treatments in polyhouse

49

14
Economic analysis o f treatments in rain shelter

50

15
Meteorological data during the period o f experiments in polyhouse 
and rain shelter

52



16
Correlation analysis o f disease severity with major meteorological 
parameters 53

17
Per cent incidence of other diseases and pests in polyhouse and rain 
shelter 54

18
Effect o f different treatments on phylloplane fungi of cucumber m 
polyhouse

55

19
Effect o f different treatments on phylloplane fungi of cucumber in 
rain shelter

57

20
Effect o f different treatments on phylloplane bacteria of cucumber m 
polyhouse

59

21
Effect o f different treatments on phylloplane bacterial of cucumber in 
rain shelter

61

22
Survival of Ti ichodet ma vm de  on the phylloplane of cucumber in 
polyhouse

62

23
Survival of Trichoderma vmde on the phylloplane of cucumber m 
ram shelter

64

24
Survival of Psuedomonas fluorescens on the phylloplane of 
cucumber in polyhouse

66

25
Survival of Psuedomonas fluoi escens on the phylloplane of 
cucumber in ram shelter

68



LIST OF FIGURES

Figure

No. Title

A fter 

Page No.

1
Soil temperature of solarized and nonsolarized soil in polyhouse

39

2 Soil temperature of solarized and nonsolarized soil m rain shelter 39

3
Influence of meteorological parameters on disease severity in 
polyhouses 52

4
Influence of meteorological parameters on disease severity in ram 
shelter

52

5
Effect o f treatments on phylloplane fungi of cucumber in polyhouse

55

6
Effect of treatments on phylloplane fungi of cucumber in ram shelter

55

7
Effect of treatments on phylloplane bacteria of cucumber m 
polyhouse

59

8
Effect o f treatments on phylloplane bacterial o f cucumber m ram 
shelter

59

9
Survival of Tnchoderma vit ide on phylloplane of cucumber in 
polyhouse

64

10
Survival of Tnchoderma vn ide on phylloplane of cucumber in ram 1 
shelter

64

11
Survival of Psuedomonas jluorescens on phylloplane of cucumber in 
polyhouse

66

12
Survival of Psuedomonas jluoi escens on phylloplane o f cucumber 
in rain shelter

66



LIST OF PLATES

Plate Title A fter

No. Page No.

1 Field visit for survey 31

2 Score chart for downy mildew 31

3 Instruments for recording temperature and relative humidity 36

4 Symptoms o f nutrient deficiency 36

5 Symptomatology of downy mildew 36

6
Sporangia and sporangophores of Pseudoperonospora cubensis (100X 

magnification) 38

7 Protected structures for field experiment 38

8 Solansation and installation of soil thermometer in protected structures 38

9 Population of soil microflora in solarized and nonsolansed soil 43

To~ Effect o f treatments on downy mildew in polyhouse 43

n Different stages of the crop in polyhouse( cucumber vanety Hilton) 47

12 Different stages of the crop in rain shelter (cucumber vanety AAUC-2) 48

13 Incidence of pests and diseases other than downy mildew in polyhouse 53

14 Incidence of pests and diseases other than downy mildew in rain shelter 53

15 Nutrient deficiency symptoms in cucumber in protected structures 54

16 Enumeration o f phylloplane microflora of cucumber 54

17 Biocontrol agents on cucumber phylloplane 61





1

1. INTRODUCTION

Protected cultivation of vegetables is a fascinating technology gaining 

tremendous importance in India as a part o f increased commercialization of 

agriculture It makes use of recent advances in technology to control the environment 

for higher crop productivity and better quality of produce India has entered into the 

area o f protected vegetable cultivation recently and the total area under polyhouses is 

not more than 10,000 hectares The government o f Kerala is also promoting 

cultivation o f vegetables under polyhouse to a great extent The precise 

environmental and nutritional control in the protected structures leads to new heights 

o f growth and productivity At the same time, this can generate chronic stress 

conditions mamly those of biological origin

Prevalence o f microclimate which is congenial for multiplication and spread 

of plant pathogens, high density cropping and monocropping of high yielding 

genotypes make the plants under polyhouse predisposed to pathogens So far, enough 

attention has not been paid to standardize technology for control o f diseases and pests 

in polyhouses Though polyhouse cultivation provides opportunity to grow vegetables 

all through the seasons in Kerala, ram shelter, which is comparatively low cost 

structure, is also considered as a better alternative It provides more variability in the 

choice o f crops and varieties Major vegetable crops cultivated under protected 

system are cucumber, capsicum, tomato, French beans, cauliflower, chilli, broccoli, 

knol khol, and coriander (Wittwer and Castilla, 1995)

Cucumber, Cucumts sativus (L ) is one of the most preferred vegetables grown 

under protected conditions in the developed woild In India it is traditionally grown 

during January-March and September-December Compared to open field, very high 

yield o f cucumber has been reported even under naturally ventilated polyhouse
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(Snvastava and Singh, 1997) But sometimes, the crop is devastated by diseases like 

powdery mildew, downy mildew, anthracnose, Altemaria  blight and Fusanum  wilt 

(Yucel et a l , 2013), and among them, the major disease is downy mildew

Cucurbit downy mildew caused by the oomycete Pseudopei onospoi a cubensis 

(Berk and Curt )(Rostov ) is the most severe disease of cucumber under polyhouse in 

Kerala According to Singh and Banyal (2007), it is the major disease followed by 

powdery mildew especially during rainy season Downy mildew is the most widely 

distributed disease o f cucurbitaceous crops in the open field and under cover (Labeda 

and Cohen, 2011) Farmers use fungicides with high residual toxicity against the 

disease Owing to increasing awareness about the health hazards that may occur due 

to the consumption of vegetables with high amount of pesticide residues, organic 

cultivation is being promoted by policy makers Since there is provision for 

controlled atmosphere m a protected structure, organic farming and use of biocontrol 

agents will be more effective compared to open fields

Use o f chemical fungicides leads to destruction of valuable beneficial microbes 

which in turn lead to increased vulnerability o f crops and development of resistant 

strains o f pathogens Moreover, due to high input costs, crop failure by diseases 

results in heavy economic losses Hence, precise disease management with emphasis 

on biocontrol is essential for assuring profitable farming in protected structures

In this back ground, the present study was undertaken with the following objectives,

1 Assessment of incidence and severity of downy mildew o f cucumber under 

protected and open condition in faimeis’ fields in Thnssui district

2 Characterization o f the pathogen

3 Management of downy mildew of cucumber under polyhouse and rain shelter 

condition
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4 Enumeration o f phylloplane microflora o f cucumber under protected condition

5 Survival o f the biocontrol agents on the phylloplane o f cucumber under 

protected condition



(Review of Literature
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2. REVIEW OF LITERATURE

Cucumber, Cucumis sativus (L ) is one of the most preferred vegetables 

grown under protected conditions in the developed world The crop is devastated by 

various diseases and among them, the major foliar disease is downy mildew Cucurbit 

downy mildew, caused by the oomycete Pseudopei onospora cubensis, (Berk & 

C urt) (Rostov ), causes heavy crop loss in protected structure as well as in open field 

Annual loss to the cucumber crop at global level due to the pathogen has been 

estimated to be $ 246 2 million Since the use of chemical fungicides leaves pesticide 

residue in the commercial produce which is consumed as raw vegetable (salad), 

organic farming is being promoted in Kerala Therefore the present study aims at 

management of downy mildew of cucumber under polyhouse and rain shelter, with 

emphasis on biological control

The literature collected for the present study are presented below under the following 

headings,

2 1 Protected cultivation o f vegetables 
2 2 Symptomatology o f cucumber downy mildew 
2 3 Characterization o f the pathogen 
2 4 Epidemiology
2 5 Management by chemical control 
2 6 Management by biological control 
2 7 Management by biofungicides 
2 8 Phylloplane microflora 
2 9 Survival o f biocontrol agents

2.1. Protected cultivation of vegetables

Protected cultivation or greenhouse cultivation is the most contemporary 

approach to raise horticultural crops and has spread extensively all over the world in 

the last few decades Protected cultivation also known as controlled environment 

agriculture (CEA) is highly productive, conservative of water and land and also 

protective to the environment (Jensen, 2002) About 130 countries in the world are 

engaged in greenhouse vegetable production commercially The world scenario
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depicts the area under protected cultivation to be nearly 6,93,787 hectares while total 

estimated area under greenhouse vegetable production in the world is 4,73,466 ha 

(Hickman, 2016) In India, presently around 25,000 ha are under protected structures, 

out of which the area under vegetable crops is about 2,000 ha So far, 1108 

polyhouses o f size 40-400 m2 are actively engaged in crop production in Kerala and 

the major vegetables being cultivated in polyhouses are salad cucumber, capsicum, 

cow pea, bhindi, tomato etc However, studies conducted in Kerala Agricultural 

University at the Precision farming development centre (PFDC), Thavanur, revealed 

that cultivation of vegetable crops in kitchen garden under ram shelter ensured year 

round production o f vegetables needed for a family (Menon, 2010) The cultivation of 

crops such as tomato, salad cucumber, chillies, cowpea, cauliflower and capsicum m 

ram shelter in a rotational manner gave bumper yield compared to cultivation in open 

field Moreover, salad cucumber gave 180 per cent more yield m ram shelter than 

open condition

Cucumber, popularly known in India as 'khira' and gherkins, are extensively 

grown in tropics, subtropics and milder temperate zones of the country In India it is 

traditionally grown during January-March and September-December Compared to 

open field, very high yield of cucumber have been reported under naturally ventilated 

polyhouse (Snvastava and Singh, 1997) Singh and Kumar (2006), reported that 

parthenocarpic cucumber cultivation in greenhouse can be a profitable venture for the 

vegetable growers and yeaily three crops can be taken Cucumber is used as salad, 

pickle and also as cooked vegetable because of its low calorie content The fruits and 

seeds possess cooling properties on consumption, hence used as astringent and 

antipyretic

2.1.1 Diseases of vegetable crops under protected cultivation

Greenhouse vegetable crops are vulnerable to various pests and diseases 

Since polyhouses are enclosed structures, it provides favourable environment for 

rapid multiplication o f plant pathogens Once inoculum enters in to the structures, the
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spread of the disease become rapid Epidemic initiate when the available inoculum 

meets a susceptible host in a favourable environment Once infection is established 

on plants in the greenhouse, it provides inoculum for secondary spread The spores of 

airborne pathogens like downy mildew and gray mold are produced in large 

quantities, under humid conditions, but are released most readily when humidity 

drops The most frequently occumng airborne fungal pathogens in protected 

structures are species of Altem ana Botrytis Cladosporium Didymella Erysiphe 

Fulvia, Levedlula Phoma Phytophthora Pseudoperonospora Puccmia Sclerotima, 

Septoria and Sphaerotheca and the common fungal diseases that thrive under the 

polyhouses include grey mold (Botritis cinerea), tomato late blight {Phytophthora 

infestans), tomato leaf mold {Cladosporium fulvun syn Fulvia fulva) and powdery 

mildews in cucurbits (Sphaei otheca fusca  syn S fuhginid), roses {S pannosae) and 

various other crops {Levedlula taunca) (Yucel et al ,2013)

The major diseases affecting cucumber in protected structures are fusanum 

wilt {Fusanum oxysporum f  sp cucumennum), downy mildew {Pseudoperonospora 

cubensis), damping off {Pythium aphamdermatum) and powdery mildew {Erisiphe 

cichoracearum) and among them, downy mildew, caused by the oomycete 

Pseudoperonospora cubensis is favoured by high humidity (Rusell, 2004, Sabir and 

Singh, 2013)

2.1.2 Distribution and seventy of cucumber downy mildew

Downy mildew leads to serious losses in cucumber production when the crop 

is grown under protected structures These structures provide ideal temperature and 

promote high humidity for development o f the disease which becomes the mam 

limiting factor for cucumber production (Wehner and Shetty, 1997) Abawi and 

Widmer (2000) reported that more consistent environment, moderate temperature, 

high humidity, less air movement, overcrowded conditions and lush growth in the 

polyhouse favours downy mildew outbreak The mild temperature and high-humidity
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environment in protected structures are suitable for the development o f  downy 

mildew disease and can result in infections and epidemics (Yang et a l , 2007)

Singh and Banyal (2007) reported that in cucumber grown under polyhouses, 

downy mildew causes 20-90 per cent disease severity and it was also reported that the 

severity o f  downy mildew was high during rainy season The disease is damaging in 

warm, humid climates where the pathogen thrives and it affects cucurbit crops in the 

field as well as in greenhouses Downy mildew decreases flowei set and fruit 

development by killing the foliage (Kristkova et a l , 2009) According to Aujla et al 

(2010), downy mildew on cucumber grown under polyhouses shifts in the time of 

appearance o f the disease from April in open field to February Its early appearance is 

attributed to favourable relative humidity and temperature and early growth o f the 

crop

2.2 Symptomatology of cucumber downy mildew

Initially the lesions o f downy mildew are angular and restricted by the veins 

o f  the leaf, particularly on Cucumis sativus L (salad cucumber) As the disease 

progess, chlorotic lesions become necrotic, during hot and dry weather conditions 

(Oerke et a l , 2006) Savory et al (2010) characterized the disease as a ‘downy’ or 

‘felt’ appearance on leaves which is due to the sporangia found on the abaxial side of 

the leaf Primary lesions o f Pseudopei onospot a cubensis are between 3 -1 0  mm, as 

the disease progresses the lesions combine to form larger lesions that can eventually 

cover the entire leaf In extreme conditions, leaves turn necrotic and sometimes lead 

to the death o f whole plant (Lebeda and Cohen, 2011)

2 3 Characterization of the pathogen

The pathogen causing downy mildew o f cucumber was discovered in 

Cuba by Berkeley and Curtis, (1868) as ‘Peionospoia cubensis It was reclassified 

based on zoosponc germination o f sporangia to Pseudopei onospoi a cubensis in 1903 

by Rostovzev (Skalicky, 1961) Pseudopei onospoi a species have true sporangia that



germinate via, cytoplasmic cleavage to produce zoospores whereas species of 

Peronospoi a have sporangia that germinate directly via germ tube (Palti and Cohen, 

1980) The genus Pseudopei onospoi a belongs to a taxonomic group on the border 

between a genus that regularly produce zoospores (.Pythium spp) and another that 

never produce zoospores Pei onospoi a spp (Goker ei a l , 2007)

Pseudopei onospoi a cubensis is one of the most economically important and 

widespread biotrophic plant parasite belongs to kingdom Chromista, phylum 

Oomycota, subphylum Peronospororomycotina, class Peronosporomycetes 

(Oomycetes), order Peronosporales (downy mildews), family Peronosporaceae 

(Voglmayr, 2008, Savory et a l , 2010)

Being a biotroph or obligate parasite, the organism requires living host tissue 

to grow and reproduce and so it cannot be cultured on artificial media 

Morphologically the first sign of disease include sporulation as the ‘downy’ 

appearance on the lower leaf surface (Rotem et a l , 1978) Sporangiophore 

morphology of P cubensis can vary with temperature, and sporangia dimensions are 

influenced by the cucurbit host (Waterhouse and Brothers, 1981) Recent work with a 

single isolate of the pathogen inoculated onto six different cucurbit species has shown 

that the host cell matrix plays a role m influencing five morphological criteria, 

including sporangiophore length, length of ultimate branchlets, sporangial length and 

width, and the ratio between sporangial length and width (Runge and Thines, 2011)

Pseudopei onospoi a spp has dichotomously-branched sporangiophores with 

terminal growth and the sporangia of similar age are present at the ends of stengma 

(Voglmayr, 2003, Choi et a l , 2005) whereas, Pseudopei onospoi a cubensis forms 

hyaline sporangiophores (180-400 mm) bearing large (20-40 x 14-25 mm in 

diameter), lemon-shaped grey-purple sporangia with a conspicuous papilla The 

sporangia are borne singly on the pointed tips of sporangiophores that branch at acute 

angles The sporangiophore ranges from 180 600 mm in height, 20 mm in diameter 

and 5 7 mm in width Moisture prompts the sporangia to release 5 to 15 asexual,
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ovoid zoospores that measure 10-13 mm m diameter The zoospores are biflagellate, 

with one posterior whiplash and one anterior tinsel flagellum The purpose o f the 

flagella is to assist the zoospores as they swim through free moisture on the leaf 

surface to the stomata (Cohen, 1981) Once a stoma is located, the zoospore will 

encyst (produce a cell wall) and then form a germ tube (50-95 mm), which will enter 

through the stoma and infect the host plant cell

Once a host plant is infected, mycelium grows within and between host cells 

and serves as the body of the pathogen The intercellular mycelium is hyaline 

(colorless, transparent) and coenocytic (aseptate) The mycelium develops in the 

mesophyll, but also penetrates the palisade tissue The hyphal diameter is 5 4-7 2 mm 

(Colucci, 2008) Haustona are formed within the host cells and allow for the 

absorption o f nutrients They vary m shape and appear stunted, inflated or as 

branched clusters o f hyphae The pathogen reproduces predominantly asexually, but 

has been reported to reproduce sexually via, the production of oospores, although 

oospore production is rare (Lebeda and Cohen, 2011)

2.4 Epidemiology

Plant disease epidemiology is the study o f factors that affect the 

spread o f diseases in time and space Being an oomycete, nicknamed as water 

moulds, downy mildew prefer high humidity and excess water Moisture on the leaf 

surface is necessary for infection to occur When zoospores land on a wet leaf 

surface, they swim in the film of water on leaves during humid or wet conditions and 

enter and infect through stomata Optimum temperature for infection ranges between 

16°C and 22°C The period o f wetness needed for infection on cucumber leaves are 

about 12hr at 10-15°C, 6 hr at 15- 19°C and 2hr at 20°C (Palti and Cohen,1980) The 

incubation period from initial infection to visible symptoms varies depending on 

temperature, free moisture and inoculum level, but generally ranges between three to 

12 days Symptoms may vary slightly depending on the host plant
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Sporangia and sporangiophores are greatly affected by changes in 

temperature and humidity Once sporangia land on a susceptible host, free moisture is 

required for each sporangium to release 5-15 zoospores Free moisture is also 

important for zoospore movement, germ tube development and penetration of host 

tissue by the germ tube However, excess moisture may reduce the duration of 

sporangia viability Optimal temperature for sporulation is 15 °C with 6 to 12 hours 

of moisture Warm and dry atmosphere at early morning hours causes twisting of the 

sporangiophores, which is important for the detachment o f sporangia If  sporangia 

experience dry periods even for a short interval, the spore is prevented from 

germination (Ledeba and Cohen, 2011)

New sporangiophores, differentiated from the mycelium, emerge singly or 

m groups from the epidermis, usually through the stomata The new sporangia are 

produced 4-12 days after initial infection, depending on temperature and humidity 

High humidity is required for the emergence o f sporangiophores High temperatures 

(>35°C) are not favorable for disease development However if cooler night time 

temperatures occur, disease development may progress (Labeda et a l , 2011) At 

normal greenhouse temperatures, if  relative humidity exceeds 70-75 per cent there is 

chance o f occurrence of downy mildew (Ferguson, 2007) Spores can quickly spread 

within the greenhouse via moist air currents, contaminated tools, equipment, fingers 

and clothing The spores become less infective under conditions o f high temperature 

and low humidity in the greenhouse

Asexual spores do not survive for a long time under common environmental 

conditions When detached from sporangiophores, they lose viability and infection 

ability quickly (Cohen and Rotem, 1971) Because o f the obligate biotrophic nature 

of P cubensis survival of mycelium in dead leaves is not possible (Lebeda, 1991) 

The mam way o f survival m unfavourable conditions (overwintering) is by the 

formation of thickwalled resting oospores (Cohen et a l , 2003, Zhang et a l , 2008)
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2.5 Management by chemical control

Cucurbit downy mildew is one o f the most economically important and 

prevalent diseases o f cucuibitaceous crops with worldwide distribution (Lebeda and 

Cohen, 2011, Lebeda et a l , 2011) The continual changes in pathogen populations 

worldwide make it difficult to manage cucurbit downy mildew Cucumber downy 

mildew is the most destructive cucumber disease, causing significant losses in yield 

and quality, and its control requires extensive chemical measures (Savory et a l , 

2010)

Even though chemical control by fungicides may have negative 

environmental effects, fungicides still constitute the predominant part of the control 

measures used against oomycetes (Gisi and Sierotzki, 2008) According to Gisi 

(2002), the sales value o f fungicides against downy mildews amounted to 1 2 billion 

in 1996, of which 10 per cent were used to fight mainly P cubensis on cucurbit 

crops

Chemical control of P cubensis was done for many decades by contact 

fungicides and dithiocarbamates (Cohen, 1981) These fungicides prevent zoospore 

release and cystospore germination Their application is effective only if spraying is 

done before sporangial deposition (Urban and Lebeda, 2006) Spraying with 

fungicides like dithane M- 45 (Maneb), Dithane Z-78 (Zineb), blue copper blitox 

(0 4%) and Tricop-50 have been recommended for management o f downy mildew of 

cucumber and among them spraying with blue copper bhtox (0 4%) thrice at 8 days 

showed maximum disease reduction (Bains and Jhooty, 1976) Besides this, frequent 

spray of copper containing fungicides (Bordeaux mixture and copper oxy chloride) is 

economical but it leaves residual effect in fruits and foliage

Call et al (2013), tested the efficacy o f contact fungicide, mancozeb against 

downy mildew of cucumber and the results showed that mancozeb cause a significant 

reduction in the germination o f sporangia o f the downy mildew pathogen Results 

also revealed that among the tested fungicides, / e Folu Gold, Indofil M45, Galben
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Copper, Previcure-N and Redomil Gold, mancozeb (Indofil M45) caused a significant 

reduction to the germinated sporangia of cucumber downy mildew Because of the 

resistance of the Pseudoperonospoi a cubensis to systemic fungicides (metalaxyl, 

azoxystrobin, propamocarb, fosetyl Al and oxadixyl), these fungicides can be used 

alone or in combination with protective fungicides (chlorothalonil, zineb, mancozeb 

and copper), and proved to be successful in the control o f the disease (Keinath et a l , 

2007, Call et a l , 2013) Zhan-Bm Sun et al (2013) reported a 69 per cent disease 

reduction in cucumber downy mildew by spraying with metalaxyl-mancozeb WG in 

greenhouses

Cymoxaml is a cyanoacetamide oxime group fungicide which quickly 

penetrates into the leaf tissue and destroys the already emerging pathogens It allowed 

a 50 per cent reduction in the amount o f mancozeb needed to control downy mildew 

when applied in a mixture with mancozeb, and treatment with this mixture at 10 day 

intervals provided satisfactory protection It was found to have a curative effect when 

applied during the incubation period (Klopping and Delp, 1980) When this product 

was applied at fixed times, excellent control was obtained with good economic 

savings compared to traditional chemical treatments Ziogas and Davidse (1987) 

reported that with the action of cymoxaml, RNA synthesis was differentially inhibited 

in the various developmental stages o f the fungus

During the last decades, systemic fungicides have been developed and widely 

used for downy mildew management, e g , (cymoxaml m 1976, phosetyl-Al in 1977, 

phenylamides in 1977-1983, propamocarb in 1978, dimethomorph in 1988, 

cyazofamid in 2001, zoxamide in 2001, mandipropamid in 2005, fluopicolide in 

2006) (Lebeda and Cohen, 2011) Bhat et al (2013) reported that out o f the 11 

fungicides evaluated for the management o f downy mildew o f cucumber, minimum 

disease severity (7 10 %) was recorded with Ridomil MZ application followed by 

Ridomil Gold (9 35 %), Amistar 25 SC (10 28 %), Curzate M-8 (17 01 %), Acrobat 

(19 26 %), Indofil M 45 (22 94 %), Infimto (23 11 %), Mandipropamid (24 34 %), 

Antracol (24 57 %), Polyram (26 27 %) and Kocide (28 45 %) as compared to 77 48 

per cent in untreated check
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The major site-specific fungicides that are effectively used m chemical control 

of P cubensis are from four chemical classes which include, the quinone outside 

mhibitors(QoI), (strobilunns, e g azoxystrobin, famoxadone, fenamidone), 

phenylamides (e g metalaxyl-M), carboxylic acid amides (e g dimethomorph, 

iprovalicarb, benthiavalicarb, mandipropamid) and cyanoacetamide oximes (e g 

cymoxaml) Azoxystrobin, a novel fungicide showed maximum disease control with 

low residues (Gisi and Sierotzki, 2008)

Under greenhouse conditions, the treatments with fungicides gave better 

results although it is environmentally unsafe Most systemic fungicides have a 

specific, single-site mode of action, which means that they are active at one point in 

one metabolic pathway of the pathogen (Urban and Lebeda, 2006) The introduction 

of these systemic fungicides significantly increased the efficiency of fungicides 

against downy mildews (Wang et a l , 2009) Systemic fungicides also have some 

curative effects, as they can stop the development o f disease for a certain time after 

infection (Urban and Lebeda, 2006)

But systemic fungicides can be both harmful to the environment and for 

human consumption with continued use Additionally, resistance can occur with use 

of fungicide products with similar active groups There are now a range o f alternative 

fungicides available including biological control agents, foliar fertilizers, natural and 

mineral oils and hydrogen peroxide Some may be suitable to effectively control 

downy mildew (Jovicich, et al ,2010)

2 6 Management by biological control

Pseudopei onospoi a cubensis is categorized as the pathogen possessing a high 

risk of developing fungicide resistance by the Fungicide Resistance Action 

Committee (FRAC) and considered to be one of the 10 highest risk pathogens with 

high evolutionary potential (Russell, 2004 , Lebeda and Cohen, 2011) These reports 

indicate the need for biological management o f the pathogen
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The term ‘biological control’ literally refers to the utilization of one or more 

organisms in combination to eliminate detrimental microbes In recent years, public 

concern has increasingly focused on food safety issues, especially the effects of 

pesticide residues (Vukovic et al 2012) Since cucumbers are harvested every 

second or third day, the presence of fungicide residues and their degradation rates are 

a limiting factor in the production of high quality and residue free fruits 

Biological control is an alternative means o f management o f foliar pathogens and 

only a few micro-organisms have been fully commercialized for this (Fravel et al 

1994) The most commonly used biocontrol agents for the management o f diseases 

include Ti ichoderma spp and fluoi escent pseudomonads Ti ichodei ma isolates are 

known for their ability to control foliar pathogens (Elad and Freeman, 2002) 

Recently, attempts were also made to use a consortium o f biocontrol agents to get 

persistent control of plant pathogens (Chaube and Sharma, 2002) Antagonistic fungi 

especially Trichoderma spp and the bacteria, fluoi escent pseudomonads have been 

widely used against a number o f phytopathogens and some strains induce plants to 

change their native defense mechanisms (Rim and Sulochana, 2006) It is a nature- 

fnendly, ecological approach to overcome the problems caused by standard chemical 

methods of plant protection and it can be introduced m organic system of food 

production (Harman et a l , 2004, Kowalska, 2010)

One of the most studied commercial biocontrol agents is Ti ichodet ma 

harzianum  which can be regarded as a biocontrol model to demonstrate control under 

commercial conditions (Elad, 1994) The mechanisms involved in biocontrol of foliar 

pathogens by Ti ichodei ma species are mycoparasitism, antibiosis and competition for 

space and nutrients, induction o f systemic resistance, etc It is possible that more than 

one mechanism is involved in a host antagomst-pathogen interaction (Sawant, 2014) 

In addition to direct antagonism, biocontrol agents triggers/activates plants’ latent 

defense mechanisms m response to infection by pathogen and increases the activities 

of various defense related enzymes and chemicals in response to infection by 

pathogen Inducing the plant’s own defense mechanism by prior application of 

biological agents is a novel strategy in plant disease management
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Vivekanandan et al (2004) reported that P Jluorescens produce antibiotics 

viz , HCN, pyrrolmtrin, phenazine and 2,4-diacetyl phloroglucinol and lytic enzymes 

against fungal pathogens According to Panpatte et al (2014), the mechanism of 

biological control in P Jluorescens against foliar pathogens include antibiotic 

production, competition, HCN production and elicitation of a disease-resistance 

response, i e , induced systemic resistance (ISR)

The biocontrol agent Tnchoderma spp controls the foliar pathogens like 

Pseudoperonospora cubensis and Sclerotinia scleiotioium  in cucumber under 

commercial greenhouse Pseudomonas Jluorescens and Trichoderma harzianum  have 

markedly reduced the downy mildew pathogen in cucumber hosts to the 10 extent of 

46 per cent (Elad, 2000) Machenahalli et al (2013) reported that among biocontrol 

agents Pseudomonas Jluorescens was found to be superior m inhibiting sporangial 

germination in P  cubensis at six per cent concentration

P Jluoi escens control downy mildew by both seed treatment and foliar 

application but efficacy was significantly higher when seed treatment was followed 

by foliar application (Umesha et al 1999) Some isolates o f filamentous fungi, yeast- 

like fungi, yeasts and strains o f bacteria inhibited the activities o f various pathogenic 

foliar fungi (Yohalem, 2000) Biological control, therefore, acts as a strategy for 

disease management and it is environment friendly also Pseudomonas Jluorescens 

and mixture of 7> ichoderma spp isolates were the most effective biocontrol agents in 

controlling air borne diseases (powdery and downy mildew) on varieties of cucumber 

and the highest yield was obtained when only P Jluorescens B subtihs and mixture 

o f Trichoderma spp isolates were used (Abd-El Moity et a l , 2003)

2.6.1 Soil Solarization

Soil solarization is a cost saving and environmentally safe nonchemical soil 

disinfestation method that, under appropriate conditions, can ensure an effective 

control of a wide range of pathogens, weeds and arthropod pests Increase in soil
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temperature by solanzation must be sufficiently high and prolonged to cause 

irreversible damage to most soil-borne pathogens (Fenoll et al 2010) Therefore, this 

technique is particularly suitable for the Mediterranean climate, where the occurrence 

of high summer temperatures can ensure an effective control o f fungi, nematodes and 

weeds (Camprubi et a l , 2007) Since oospores o f downy mildew harbour and 

survive in plant debns of cucumber in soil (Labeda and Cohen, 2011), solanzation 

also helps to bring down the initial inoculum and inoculum build up in soil

Moistened soil is covered with transparent polyethylene which allows the 

sun s radiant energy to pass in to the soil where most of this energy is trapped and not 

reflected back owing to the change in the wavelength on reflection and thus 

increasing the soil temperature (Katan, 1981) This increase in soil temperature in the 

presence of high moisture is the most important mechanism by which soil solanzation 

controls diseases Greenberger et al (1987) reported that solarized soil is frequently 

more suppressive and less conducive to certain soil bome pathogens than non- 

solanzed soils Soil solanzation has also been successfully combined with the fungal 

biological control agents Ti ichoderma hazianum and Talaromyces flavus, which were 

added to the soil or planting material Soil solanzation in greenhouses produces 

significantly higher soil temperatures than solanzation in fields and can therefore be 

more effective in cooler weather (Elmore et a l 1997)

Candido et al (2008) conducted soil solanzation in greenhouse for a period o f 

79 days and reported that the difference in temperature between solanzed and 

nonsolarized soil was on an average 7 1 , 6 4  and 6 0 °C respectively, at 10, 20, 30 cm 

depth and the maximum temperatures were 47 3, 45 2 and 43 9 °C m solarized soil 

and 39 4, 37 9 and 36 9 °C m nonsolanzed soil respectively, at 10, 20 and 30 cm 

depth Moreover, soil solanzation improves soil structure and increases the 

availability essential plant nutrients and further increases plant growth, harvestable 

yield, and crop quality The increased growth response of plants in solarized soil is a 

well-documented phenomenon and has been verified both in green house experiments 

and under field conditions (Candido et a l , 2008)
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Fungal diversity of any soil depends on a large number o f factors such as pH, 

organic content and moisture (Rangaswami and Bagyaraj, 2005) Gaddeyya et a l , 

(2012) reported that on isolation of soil microflora from polyhouse soil isolated 173 

fungal colonies of 15 fungal species were obtained by serial dilution method Study 

conducted by Jasuja et al (2013) revealed that soil solanzation m polyhouses 

effectively reduced the soil microflora viz, fungi, bacteria and actinomycetes 

Changes in the populations of soil-borne microorganisms during and after soil 

solanzation are attributed to increased soil temperature, thus leading to disease 

suppression and enhanced plant growth The common bacteria, Staphylococcus 

aui eus Eschei ichia coh, Pseudomonas aeruginosa Bacillus anthracis and Bacillus 

subtihs, are the predominant species in the soil samples Similarly, different types of 

fungi dominating in soil samples include, Aspei gilllus mgei Aspergillus flavus 

Ti ichoderma sp , Fusanum oxyspoi um, Rhizopus sp

2.7 Management by biofungicides

Biofungicides such as garlic and Calphonnl plays a prominent role in 

management of diseases in polyhouses Portz et al (2008), reported that allicin in 

garlic juice reduced the seventy of cucumber downy mildew caused by 

Pseudoperonospoia cubensis by approximately 50-100 per cent The results 

emphasis the potential for developing preparations from garlic for its use m 

specialised aspects o f organic fanning, under greenhouses Calphomil is leaf extract 

of many leaves, of which a major constituent is Aegle marmalos It has been reported 

that it increases nitrate reductase activity and chlorophyll content when applied on 

leaves and fruits It also reduces the phylloplane microflora which helps to further 

increase the shelf life of the produce (Azhagumurukan et al ,2013) Besides this, it 

contains different types of alkaloids (solasodme and solanme) and terpinoids which 

causes antifungal activity (Nigam and Nambiar, 2015)
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2.8 Phylloplane microflora

Numerous micro-organisms reside on the aerial surface of plants 

especially on leaves In recent years, the use of these epiphytic microorganisms of 

either non-pathogenic or saprophytic origin, play an important role in reducing foliar 

diseases (Leben, 1965), and they have attained prominent role in biological control 

o f foliar pathogens (Gowdu and Balasubramaman, 1988) Some o f these organisms 

such as bacteria, fungi called as residents (Andrews and Kmkel, 1986), may survive 

on the leaf surface for a longer period and together form the microflora of the 

phylloplane (Bonnen and Hopkms, 1997) Common phylloplane microflora include 

Cladosporium spp , Phoma spp Epicoccum  spp , Alternciria spp , Aureobasidmm  

pullulans and Pseudomonas spp

Blakeman (1985) reported that the activity o f both saprophytes and pathogens 

on leaves is dependent on the microclimatological conditions at the plant surface as 

well as on the chemical environment Bacteria, yeasts, and filamentous fungi may 

form resident populations on leaves Among the bacteria, most predominant ones are 

Gram-negative, often chromogemc, and include the following genera Erwima 

Pseudomonas Xanthomonas, and Flavobactenum  Gram-positive bacteria such as 

Lactobacillus Bacillus, and Corynebacterium are isolated less frequently In 

addition to saprophytic bacteria, pathogenic bacteria, e g Pseudomonas syi ingae pv 

syringae P syringae pv moi sprunorum, P syringae pv glycinea Erwima 

amylovora and E cai otovora, can live in a nonpathogemc epiphytic phase on leaf 

surfaces

For enumerating the phylloplane microflora, microorganisms are usually 

washed off the leaf surface in a wash buffer (Morris et al 1997), which is then 

inoculated onto artificial growing media and incubated Dilution ranges can be used 

to control the density of microorganisms on the plates Phylloplane microorganism 

populations can be described in terms of population density and species richness 

The density o f culturable microorganisms is commonly described as the number of 

colony forming units (cfu) per unit o f sample (Bakker, 2004)
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The use of foliar pesticides to control diseases can cause major disruption of 

phylloplane microorganism populations, often reducing the number and diversity o f 

organisms This cause a negative effect on naturally-occurring biological control, 

which m some occasions makes the plants more susceptible to other disorders 

(Bosshard et al 1987) Moreover, the activity of fungicides is affected by naturally- 

occurring compounds on the leaf, interacting synergistically or antagonistically with 

the fungicides and this gives an indirect indication o f pesticide residue residing m the 

foliage and on fruits (Dik, 1991) To evaluate the potential risk associated with the 

use o f pesticides, it is important to know the fate o f a pesticide on a plant (Pucarevic 

e ta l  2013)

Dik and Pelt van (1992) summarised that there is seasonal succession of 

microorganisms that colonise living leaves Eventhough in early spring, the levels of 

epiphytic nutrients and airborne inoculum are low, the epiphytic bacteria predominate 

in the phylloplane because bacteria take up scarce nutrients more readily than fungal 

spores Mechanisms of my coparasitism by Trichoderma sp and antibiosis and 

competition afforded by P Jluorescens, have a wide application in controlling foliar 

plant pathogens by increasing the population o f non-pathogemc phylloplane 

microflora (Harman et a l , 2004)

2.9 Survival of biocontrol agents on leaf surface

The fungal biocontrol agent T viride survive mainly on the hyphae of the 

pathogen present on the leaf surface or else it may get transferred to resting spores 

whereas bacterial biocontrol agent P Jluorescens survive on surface wetness brought 

about by a thin film of water on leaf surface or by leaf exudates (Hirano and Upper, 

2000)

Survival of Ti ichodei ma strains may be quantified by the serial dilution 

method on a semi-selective medium (Elad and Kirshner, 1993), however, 

morphologically it is not possible to distinguish between isolates in a mixture 

Cirvillen et at (1999) reported that the population densities of P Jluorescens strains
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declined within 30 days after inoculation on plant species such as pepper, tomato, 

eggplant and strawberry Freeman et a l , (2004) who studied the viability o f the 

Tnchoderma strains T-39, T-105, T-161 and T-166, applied individually on 

strawberry leaf surfaces, reported that the population of Tnchoderma declined 

rapidly to a lower level after 3 days, but less rapidly, 7-14 days after application 

Furthermore, survival o f the strains declined to undetectable levels after 2 weeks 

incubation

The survival of P jluorescens and T viride sprayed on rose leaves was 

assessed by taking leaf samples at 5, 15, 30, 45, 60 and 75 days after foliar 

application Leaf samples (1 g) were transferred to a test tube containing 100 ml o f 

sterile water and after thorough shaking, the population of P Jluorescens and T 

viride in the suspension was estimated by dilution plating, using King’s B medium 

for P Jluorescens and TSM for T  viride (Elad and Freeman, 2002) P Jluorescens 

and T  viride multiplied on rose leaves and suppressed the pathogen population 

Because it modified the leaf habitat by depleting the pathogen and in the process it 

multiplied at such fast rate that it occupied the active multiplication sites on the leaf 

and did not allow the multiplication o f Diplocarpon i osae (Karthikeyan et a l , 2006)
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3. MATERIALS AND METHODS

The present study on “Management o f downy mildew (Pseudoperonospora 

cubensis (Berk and C u rt) (Rostov ) o f cucumber under protected cultivation” was 

conducted at the Department o f Plant Pathology, College o f Horticulture, 

Vellamkkara during 2014-2016 The details o f the materials used and the techniques 

adopted for the investigation are described below

3.1 Survey for assessment of incidence and severity o f downy mildew of 

cucumber under polyhouses in Thrissur district

A survey was conducted in Thrissur district during January-December o f  2015 

by selecting nine different polyhouses located at Thanmyam, Penngottukara, 

Manaloor, Chendrapmni, Chavakkad and College o f Horticulture, Vellamkkara The 

incidence and seventy o f downy mildew m polyhouses was assessed using standard 

score chart and procedures

Percentage o f disease incidence was calculated using the formula

Number o f plants infected x 100 
Percentage disease incidence (PDI) = ------------------------------------------------

Total number o f plants

In each polyhouse, 10 plants were selected randomly, and a total o f five 

leaves, two each from bottom and middle and one from the top o f the plant were 

observed Disease severity was assessed using 0-5 scale as mentioned below
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Disease rating

Percentage of leaf area 

infected

0 No infection

1 Below 10 % infection

2 >10-25% infection

3 >25-50% infection

4 >5 0-75 %infection

5 Above 75% infection

Based on the percentage o f leaf area affected, per cent disease seventy (PDS) was 

calculated using the following formula (Wheeler, 1969)

Sum o f all numerical ratings x 100 
PDS -  --------------------------------------------------------------------------------

Total number o f leaves observed x Maximum disease score

The major meteorological factors t e temperature and relative humidity 

(RH) influencing the crop and the pathogen prevailing in the structures and open 

condition were recorded using a whirling psychrometer

3.1.1 Correlation analysis of incidence and severity of downy mildew with 

meteorological factors

Data collected during the survey was subjected to correlation analysis using 

SPSS v l6  0 data editor to assess the influence o f meteorological factors on incidence 

and seventy o f  downy mildew in protected structures

3.1.2 Analysis o f soil nutrients and other soil parameters

Soil samples (500g) were collected from inside and outside o f  the 

polyhouses during the survey by cutting a ‘V ’ shaped notch at a depth o f 10 15 cm 

Soil collected using soil auger from different locations in the polyhouses m which 

symptoms o f  nutrient deficiency are noticed were analyzed for major and minor 

nutrients, soil reaction, and electrical conductivity Soil nutrients like organic carbon,
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available P, K, Ca, Mg, S and micronutrients like Fe, Zn, Mn and B were analysed in 

the Radiotracer Laboratory (RTL), College o f Horticulture, Vellanikkara

3.1.3 Population of soil microflora

Soil samples were collected from mside and outside o f the polyhouses 

during the survey as per 3 1 2  Then it was thoroughly mixed, and using quadrant 

method, the quantity was reduced to lOOg It was then air dried and filtered using a 

sieve o f mesh size 2mm Enumeration o f  soil microflora v iz , fungi, bacteria and 

actinomycetes was done using serial dilution and plating technique The samples (lg ) 

were added to 99ml sterile water, shaken well for one minute and serially diluted upto 

10 6 dilution For isolation o f fungi, bacteria and actinomycetes 10 3, 10 6 and 10 3 

dilutions were used respectively The media used were M aitin’s Rose Bengal 

Streptomycin Agar, Nutrient Agar and Ken Knights Agar for fungi, bacteria and 

actinomycetes respectively

Microbial suspension (1ml) o f the respective dilution was pippeted into 

sterile petn plate and 15 ml o f  molten cooled medium was added Three replications 

were kept for each sample The plates were then incubated at room temperature After 

incubation, fungal, bacterial and actinomycetes colonies were counted at 24h, 48h 

and on 7th day respectively Population o f microflora was expressed as number o f  cfu 

g 1 o f soil

3.2 Symptomatology and characterization o f the pathogen

Infected leaves with symptoms o f downy mildew were collected from 

different locations during the survey and morphological characters o f the oomycete, 

like sporangial length, width, length to width ratio were studied Sporangia and 

sporangiophores were examined using sticky tape method (Yang, 2003), where an 

infected leaf was taken and a piece o f sticky tape was placed and pressed over the 

infected area on the abaxial side o f the leaf The piece o f sticky tape having sporangia 

and sporangiospores imprinted on the sticky surface was then pressed on a clean glass
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slide and viewed through lOOx magnification Sporangiophore length, height of first 

branching, ratio between length and height of first branching, width o f trunk and 

number o f branch orders were recorded The sporangial length, width etc were also 

recorded using ultrascope to know variation if any

3.3 Field experiment for management of downy mildew of cucumber under 

polyhouse and rain shelter condition.

Field experiments were conducted under polyhouse o f size 300m2 and rain 

shelter o f size 200 m2 both having gable type roof, constructed in North- South 

direction m the Department of Plant Pathology, College o f Horticulture, 

Vellamkkara The experiments were carried out during November to May of 2015- 

2016 to evaluate different treatments for the management o f downy mildew of 

cucumber under protected condition The details of the experiment are as follows

Design RBD

Treatments 12

Replication 3

Plot size 3 0 X 1 0 m2

Spacing 1 0 X 0 5 m2

Variety Hilton (hybrid for polyhouse condition)

AAUC-2 (rain shelter)

Season November to May (2015-2016)
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Treatment details

Treatment Description Concentration

(%)
Ti Soil solanzation + seed treatment and soil application of 

Tnchodei ma viride+ foliar spray with Tnchoderma vu ide

2%

t 2 Soil solanzation + seed treatment and soil application of 

Pseudomonas Jluorescens + foliar spray with Pseudomonas 

Jluorescens

2%

t 3 Foliar spray with Ti ichodei ma viride 2%

t 4 Foliar spray with Pseudomonas Jluorescens 2%

T, Foliar spray with cowdung supernatant 5%

t 6 Foliar spray with cowdung supernatant (5%) + Pseudomonas 

Jluorescens (2%)

5% +2%

t 7 Foliar spray with garlic extract 2%

t 8 Foliar spray with calphomil 0 3%

t 9 Foliar spray with combined formulation of potassium 

phosphonate + hexaconazole (Samarth)

0 3%

T io Foliar spray with cymoxaml + mancozeb (Curzate M8) 0 2%

Th Foliar spray with mancozeb (Indofil M45) 0 2%

t 12 Control
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Details of the plant protection chemicals

The following fungicides were used for the experiment

Sl.no Chemical name Trade name of 

formulation

Contact/systemic Concentration

(% )
1 Potassium phosphonate 

+ hexaconazole (5%)

Samarth SC systemic 0 3%

2 Cymoxaml (8%) + 

mancozeb (64%)

Curzate M8 WP systemic 0 2%

3 Mancozeb Indofil M45 75 WP contact 0 2%

Details of the biocontrol agents

The following biocontrol agents were used for the experiment

Sl.no Common name Concentration

(% )
1 Trichoderma viride{KAU) 2%

2 Pseudomonas jluorescens{YJs\3) 2%

3 Cowdung(Fresh cowdung supernatant) 5%

4 Cowdung slurry + Pseudomonas jluorescens 5% + 2%

Details of biofungicides

The following biofungicides were used for the experiment

Sl.no Common name Concentration

(%)
1 Garlic extract 2%

2 Calphomil 0 3%

3.3.1 Preparation of field

Field experiments were conducted in polyhouse and rain shelter 

simultaneously Land inside the structure was ploughed and thoroughly prepared
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using power tiller and beds o f size 3 0 x 1 0  m 2were taken Well decomposed farm 

yard manure (FYM) and poultry manure were incorporated to the soil The beds were 

subjected to soil solanzation as per the treatment details On completion o f soil 

solanzation for 80 days, polythene sheet was removed, soil thermometers were 

dismantled and basal dose o f  fertilizers were applied Treated seeds o f cucumber 

were sown m the beds at a spacing o f 1 0 x 0 5m2 and 3-4 cm depth and then a thin 

layer o f soil was spread over the beds Fertigation and lm gation was earned out using 

dnp irrigation system Relative humidity mside the structure was maintained above 

80 per cent by operating fogger

3.3.1.1 Soil solanzation

Beds o f 3 0 x 10  m2 size and 10 cm height were taken Well decomposed 

FYM and poultry manure were incorporated m to the soil, irrigated using rose can 

and the beds were perfectly leveled Transparent polythene sheet o f 150 gauge 

thickness was stretched and spread over the beds so that it is placed touching the 

surface and there are no air pockets in between The sides o f  the polythene sheet were 

sealed by putting soil Soil solanzation was carried out dunng October -  December 

for a period o f 80 days in protected structures (Candido et a l , 2008) Soil 

thermometers were installed at 10 cm depth m solarized and non- solarized beds in 

both polyhouse and rain shelter Soil temperature was recorded at 7 30 am and 2 30 

pm daily during the period o f solanzation

3.3.1.2 Enumeration of soil microflora

Soil samples were collected from polyhouse and rain sheltei before and after 

soil solanzation The population o f  fungi, bacteria and actinomycetes were 

enumerated using serial dilution plating technique as desenbed in 3 1 3 and expressed 

as number o f  cfu per gram o f  soil
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3.3.2 Management of downy mildew of cucumber under protected condition

The effectiveness o f selected plant protection chemicals, biocontrol agents 

and biofungicides as per 3 3 was tested against the downy mildew of cucumber under 

protected condition The first foliar application was given at the onset of the disease 

Subsequent sprays were given at 15 days interval Systemic fungicides were sprayed 

two times and contact fungicides, biocontrol agents and biofungicides were sprayed 

three times Plants in each plot were separated using plastic screen during foliar 

spray, in order to avoid drift Disease severity was recorded using 0-5 scale (3 1) 

before spraying and 15 days after each spraying From each plot, four plants were 

selected randomly, and a total o f five leaves from each plant were observed Based on 

the percentage of leaf area infected, disease severity was calculated as described in 

3 1

3.3.2.1 Assessment of crop loss

To estimate crop loss due to downy mildew, the yield from the plot having

maximum yield T l(Soil solanzation + seed treatment + soil application + foliar spray

of Tnchoderma viride) and minimum yield (control) were recorded Percentage yield 

loss was estimated using the formula (Simon, 1996) as shown below

Vield in treatment-Yield in control x 100
Percentage yield loss =  “  ,

& J Yield in treatment

Yield m treatment=Yield o f plot sprayed with Ti 

Yield in control=Yield o f plot without fungicide spray
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33 .2 .2  Biometric observations

Biometric observations such as days to flower, days to harvest, vine length, 

fruit weight, fruit length and shelf life o f cucumber was recorded and tabulated to 

know the effect o f  treatments on these parameters

3.3.2.3 Economic analysis

Total cost incurred and total returns were calculated separately for the 

treatments The benefit cost ratio was calculated at market price (Rs 30 kg ') of 

cucumber for all treatments as well as at 20 percent premium pnce for organic 

treatments alone

3.4 Meteorological parameters

Temperature and relative humidity inside the polyhouse and ram shelter was 

recorded at 7 30 am and 2 30 pm daily during the experiment using temperature and 

moisture meter which is permanently installed in the structures Correlation analysis 

was performed between major meteorological factors and disease seventy using 

SPSS v l6  0 data editor Per cent disease severity in control, recorded at 15 days 

interval and temperature and relative humidity during the week prior to the date o f 

observation o f  the disease were utilized for the analysis

3.5 Incidence o f other diseases and pests

Incidence o f pests and diseases other than downy mildew in polyhouse and 

rain shelter was observed and percentage disease incidence was worked out as per 

(3 1)
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3.6 Enumeration of phylloplane microflora of cucumber

The phylloplane microflora (fungi, bacteria and actinomycetes) o f the crop 

was enumerated using serial dilution plating of leaf washings to know the changes 

due to the treatments The methodology adopted by Elad and Kirshner (1993) was 

used for studying the enumeration of phylloplane microflora Cucumber leaves were 

collected from all treatments in polyhouse and rain shelter on the next day and 15th 

day after each spray Area o f the leaf taken for the study was measured by graph 

paper method Then the leaf was cut into small pieces and added to 100ml sterile 

water, agitated well for one minute and serially diluted upto 106 dilution The 

respective dilutions were plated as per 3 13 Population of the phylloplane microflora 

was expressed as cfu per cm2 area o f leaf

3.7 Survival of the biocontrol agents on cucumber phylloplane

The biocontrol agents sprayed on leaves were enumerated at periodical 

intervals of 5, 10, 15 days after spraying using serial dilution plating o f leaf washings 

(3 6) Here, the media used were TSM (7) ichoderma selective agar medium) and 

King’s B agar for isolation o f Trichodeima vm de  and Pseudomonas Jluorescens 

respectively Leaves were collected from field before and after treatment application 

at an interval o f 5 days For isolation o f T vm de  and P Jluoi escens, 103 and 106 

dilutions were used respectively The dilutions were plated as per 3 1 3 and colonies 

were counted at 24h and 48h of incubation for Ti ichodei ma vinde  and 

Pseudomonas Jluoi escens respectively Population of biocontrol agents m the 

phylloplane was expressed as cfu per cm2 area o f leaf

3.8 Statistical analysis

The data collected during field experiments were analysed using web agn-stat 

package (WASP) 2 0
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4. RESULTS

The studies on “Management of downy mildew (Pseudoperonospora cubensis 

(Berk & C urt) Rostov ) o f cucumber under protected cultivation” was conducted at 

the Department o f Plant Pathology, College of Horticulture, Vellamkkara during 

2014-2016 The study consisted o f survey on incidence and severity of downy 

mildew of cucumber in farmer’s fields and field experiments in polyhouse and rain 

shelter The survey was conducted in Thrissur district during January-December of 

2015 by selecting nine different polyhouses located at Thanmyam, Penngottukara, 

Manaloor, Chendrapinm, Chavakkad and College o f Horticulture, Vellamkkara 

(Plate 1) The incidence and severity of downy mildew of cucumber in protected 

structures and open condition were assessed using standard score chart (Plate 2) and 

procedures The major meteorological factors i e temperature and relative humidity 

(RH) influencing the crop and the pathogen prevailing m the structures and open 

condition were also recorded using whirling psychrometer

4.1 Survey for assessment of incidence and severity of downy mildew

Incidence o f downy mildew was noticed m all the polyhouses where 

cucumber is cultivated Per cent disease incidence (PDI) varied from 4 67 to 15 45 

Per cent disease severity was calculated using 0-5 scale (Plate 2) and per cent disease 

severity (PDS) varied from 11 33 to 35 78 in different polyhouses surveyed (Table 1) 

Incidence and severity o f the disease were found to be high during rainy season / e 

15 45 and 35 75 respectively as observed in the polyhouse (1) at Chentrapmni It is 

clear from the table that there is occurrence of cucumber downy mildew inside the 

polyhouse irrespective o f the season

Meteorological data was recorded using whirling psychrometer and 

temperature and moisture meter (Plate 3), which showed a wide variation among the 

polyhouses It varied mainly with the season, irrigation schedule, type o f the 

structure, location etc In general, temperatuie and RH are higher inside the
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polyhouse compared to outside However, out of the nine polyhouses visited, in 

polyhouse (1) at Peringotukara outside temperature was higher than inside Similarly, 

a low RH was observed m the polyhouse at Manaloor compared to outside

Table 1. Incidence and severity of downy mildew of cucumber under polyhouses 

in farmers’ fields in Thnssur district

P o ly h o u se D isease M e te o ro lo g ic a l p a ra m e te r s

SI.

No
Location

A rea 

(m2) of 

polyhouse

Period

(2015)
PD I PDS

Inside

polyhouse

O utside

polyhouse

Tem p.

(°C)

R H Tem p.

(°C)

R H

1 Peringottukara(l) 220 January 12 70 24 56 30 5 93 31 1 93

2 Manaloor 400 March 4 67 11 33 29 4 79 28 0 81

3 Thanmyam (1) 365 May 13 34 25 00 31 6 87 30 5 86

4 Chenthrapmm(l) 420 June 15 45 35 75 24 7 97 23 3 91

5 Chenthrapinm (2) 400 July 12 67 28 90 26 4 95 24 6 93

6 Thanmyam (2) 400 August 5 33 15 67 33 8 81 32 7 80

7 Permgottukara(2) 180 September 6 98 16 17 32 0 83 28 1 81

8 Vellamkkara 200 November 11 33 14 67 32 7 83 31 2 82

9 Chavakkad 400 December 9 75 22 39 30 0 87 26 1 79

PDI Per cent disease incidence PDS Per cent disease severity, Temp Temperature, RH Relative humidity

The temperature inside the polyhouse varied from 24 7 to 33 8°C 

and the increase in temperature inside the polyhouse compared to outside varied from 

0 6 to 3 9°C The RH inside the polyhouse varied from 79 to 97 per cent and the 

increase in RH inside the polyhouse varied from 0 to 8 per cent Data presented m the 

table shows that high humidity and low temperature influences the development of 

downy mildew o f cucumber inside polyhouse



33

4.1.1 Correlation analysis of incidence and seventy o f downy mildew with 

meteorological factors

Correlation analysis o f  disease incidence and seventy with major 

meteorological parameters inside the polyhouse was performed (Table 2)

Table 2. Correlation analysis of disease incidence and severity with major 

meteorological parameters.

Correlation coefficients PDS PDI RH
PDI 0 859**
RH 0 956** 0 845**
Temperature -0 757* 0 546* -0 768*

*Correlation is significant at 0 05 level ** Correlation is significant at 0 01 level

It is observed that there is a significant positive correlation between PD1/PDS 

with RH inside the polyhouse whereas they are negatively correlated with 

temperature There is a significant positive correlation between PDI and PDS also

4.1.2 Analysis of soil nutrients and other sod parameters

During the survey, deficiency o f potassium, calcium and boron was noticed 

cucumber grown in the polyhouses (Plate 4) Soil nutrient analysis was carried out for 

soil samples collected from polyhouses where severe deficiency symptoms were 

observed Soil samples collected from inside and outside o f such polyhouses were 

analyzed for soil reaction, electrical conductivity and major and minor nutrients 

(Table 3)

Soil pH was found to be in the range o f 6 7 to 7 6 mside the polyhouse 

whereas pH varied from 6 2 to 6 7 in the open condition The pH o f soil from inside 

is more by 0 5 to 1 9 compared to soil from outside the polyhouse Electrical 

conductivity was found to be high inside the polyhouse (2) at Thannium, whereas in 

all other polyhouse and in the open condition EC o f soil was found to be normal m



the places surveyed However, EC was found to be higher inside the polyhouses than 

outside

Table 3. Soil nutrient status inside and outside the polyhouse
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Soil nutrient/ Soil nutrients quantity and status
parameter Thanniyum- 1 Thannium- 2 Perm gottukara-1
Parameter Outside Inside Outside Inside Outside Inside

PH 6 2 7 6 6 7 7 6 6 6 6 7

Electrical 0 03 0 839 0 03 2 23 0 04 0 55
conductivity (dS/m) (N) (N) (N) (H) (N) (N)

Organic 0 47 1 38 0 29 0 52 0 85 0 97
Carbon (%) (L) (M) (L) (L) (M) CM)

Available 
Phosphorous (kg h a ')

44 34 
(H)

187 06 
(H)

37 41 
(H)

51 27 
(H)

77 59 
(H)

471 11 
(H)

Available 
Potassium ( kg ha ’) 43 70 

(L)
862 40 

(H)
34 70 

(L)
1359 7 

(H)
42 60 

(L)
357 30 

(H)

Available 
Calcium (mg kg ’) 192 00 

(D)
1686 5 

(S)
465 75 

(S)
1024 0 

(S)
666  75 

(S)
1004 75 

(S)

Available Magnesium 37 50 149 50 374 25 34 75 144 25 152 50
( mg kg ') (D) (S) (S) (D) (D) (S)
Available 

Sulphur ( mg kg ') 5 11 
(S)

78 90 
(S)

9 38 
(S)

96 60 
(S)

24 7 
(S)

80 40 
(S)

Micronutrients

Copper( mg kg ‘) 0 55 
(S)

0 95 
(S)

0 84 
(S)

0 62 
(S)

1 50
(S)

5 90 
(S)

Iron( mg kg ') 133 50 
(S)

11 69 
(S)

19 30 
(S)

18 37 
(S)

17 94 
(S)

18 87 
(S)

Zinc ( mg kg ') 0 80 
(S)

1 70
(S)

0 53 
(D)

1 00 
(S)

22 68 
(S)

1841
(S)

Manganese ( mg kg ') 4 84 
(S)

7 47 
(S)

2 09 
(S)

40 98 
(S)

4 64 
(S)

18 09 
(S)

Boron ( mg kg ') 0 12 
(D)

0 86 
(S)

0 18 
(D)

2 56 
(S)

0 14
(D)

0 15 
(D)

N-Normal M Medium, L Low, H High D Deficient S Sufficient
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Organic carbon was found to be medium inside the soil o f all the polyhouses 

surveyed except for polyhouse (2) at Thanmum In the case o f potassium (K), soil 

inside the polyhouses contain sufficient amount o f K except in polyhouse (2) of 

Thanmum Phosphorous was found to be high in all the samples whereas K was high 

in inside soil and low in outside Though Ca deficiency was expressed by the plants it 

was found to be present in sufficient quantities in the soil collected from inside the 

polyhouses Symptoms o f  boron deficiency were also observed in plants but in soil it 

was available in sufficient quantities except in polyhouse (1) o f Peringottukara

In general the soil micronutrients especially copper, iron, zinc and manganese 

are present in sufficient quantities inside and outside the polyhouses and compared 

to outside soil, micro nutrients are found to be more inside the polyhouse 

4.1.3 Population of soil microflora

Soil samples collected from inside and outside o f the polyhouses visited 

during the survey were subjected to enumeration o f population o f soil miroflora and 

the data are furnished in Table 4

Table 4. Population o f soil microflora inside and outside the polyhouses

Location

Population of soil microflora*
Inside polyhouse Open condition

Fungi 
(xlO3 cfu g ')

Bacteria 
(xlO6 cfu g ')

Actmomycetes 
(xlO5 cfu g ')

Fungi 
(xlO3 cfu g ‘)

Bacteria 
(xlO6 cfu g ‘)

Actmomycetes 
(xlO5 cfu g 1)

Peringottukara(l) 25 67 13 27 3 24 48 67 2 00 5 33

Manaloor 52 28 9 67 3 75 71 32 20 68 3 00
Thanniyam (1) 54 00 3 67 2 24 57 00 12 67 3 28
Chenthrapinni(l) 52 00 25 33 3 26 59 67 1 34 3 37
Chenthrapinni (2) 98 00 16 57 2 32 81 33 6 64 3 34
Thanniyam (2) 70 33 22  81 8 67 93 65 2 24 2 40
Peringottukara(2) 73 32 10 00 5 89 53 54 3 24 2 55
Vellanikkara 18 89 44 35 8 75 65 23 31 67 1 42
Chavakkad 62 67 15 24 5 24 51 67 34 67 1 74

*Mean of three replication
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Population o f soil fungi inside the polyhouse varied from 18 89 to 98 00 

xlO cfu g 1 o f soil and in general soil fungi are more in outside soil than inside the

polyhouse The population o f soil bacteria inside the polyhouse varied from 3 67 to 
6 ,

44 35 xlO cfu g of soil and in the case o f actinomycetes the population in polyhouse 

varied from 2 24 to 8 75 xlO cfu g 1 and they are more in inside soil than in open 

However, in three polyhouses i e , polyhouse(2) at Peringottukara and Chentrapinm 

and polyhouse at Chavakkad, the fungal population is found to be higher inside the 

polyhouse Similarly out of the nine polyhouses visited, in three, bacterial population 

was found to be more mside compared to outside

4.2 Symptomatology and characterization of the pathogen

Leaves showing symptoms o f downy mildew were collected from different 

locations during the survey The initial symptoms of the disease on the cucumber 

leaves were observed as pale yellow lesions on the upper side o f the leaves, 

sometimes restricted by leaf veins The size of lesions varied from 3-9mm As the 

disease developed further, lesions enlarged, coalesced and eventually covered the 

entire leaf area Under extreme conditions leaves turned necrotic and lead to death of 

whole plant (Plate 5)

Morphological characterization of cucumber downy mildew pathogen was 

carried out by microscopic examination of the infected area on the leaves (Table 5) 

The leaves with symptoms of downy mildew were collected from inside the 

polyhouse dunng the survey Sporangia and sporangiophores were examined using 

sticky tape method, where an infected leaf was taken and a piece o f sticky tape was 

placed and pressed over the infected area on the abaxial side of the leaf The slide 

was viewed through 100X magnification
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Table 5. Characters of the pathogen observed under microscope (100 X)

Sporangiophore
Length(pm) 69 23-87 91
Height o f first branching(pm) 37 67-55 34
Ratio length /  height of first 
branching

1 69 1

Width of trunk(pm) 3 01-3 44
Number of branch orders 2-3
Sporangia
Length(pm) 52 35-62 77
Width(pm) 18 53-34 26
Average(pm) 57 08 x 26 39
Ratio length/ width 2 16 1

It was observed that the pathogen has dichotomously-branched 

sporangiophores with terminal growth (Plate 6) Each mature sporangiophore bears 

sporangia at the end The pathogen forms hyaline sporangiophores of length 69 23- 

87 91pm The sporangia are borne singly on the pointed tips o f sporangiophores that 

branch at acute angles and these are large lemon-shaped and brownish-yellow in 

colour Ratio of length/ width of sporangia is 2 16 1 0 Sporangia lie on stengmata 

which emerge in groups o f one to four from stomata on the abaxial surface of 

infected leaves The morphological characters of the pathogen observed under 

microscope from different locations during the survey were same as that o f the 

Pseudoperonospora cubensis (Berk & C u rt) (R ostov) Hence it is confirmed that 

the symptoms observed on cucumber leaves collected from polyhouses during the 

survey are those of downy mildew caused by P cubensis

4.3 Management of downy mildew of cucumber under protected condition.

Field experiments were conducted simultaneously m newly constructed 

polyhouse (300m2) and ram shelter (200m2) during November to May of 2015-2016 

to evaluate different treatments for the management of downy mildew o f cucumber 

under protected condition (Plate 7) The structures are facing North South direction 

and with gable type roof
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4.3.1 Soil solarization

In treatments T ] and T2, soil solarization was carried out before sowing for a 

period o f 80 days in polyhouse and ram shelter Soil thermometers were installed at 

10 cm depth in solarized and nonsolanzed plots and temperature was recorded at 7 30 

am and 2 30 pm daily during the period o f solarization (Plate 8)

Table 6. Soil temperature of solarized and nonsolanzed beds in polyhouse and 

rain shelter

Std.
week

Soil temperature at 10 cm depth (°C)

Polyhouse Ram shelter

7.30 am 2.30 pm 7.30 am 2.30 pm

S NS S NS S NS S NS

41 30 5- 30 0 37 0 33 5 29 5 28 5 36 0 32 5

42 32 0 30 5 35 0 32 0 31 0 29 0 36 0 33 0

43 32 0 30 5 35 5 33 0 31 0 29 0 34 0 31 5

44 32 5 31 0 37 5 33 5 31 5 30 0 36 0 33 0

45 32 5 30 5 37 0 34 0 30 0 28 5 32 0 30 0

46 31 0 30 0 35 5 33 0 31 5 30 0 34 0 31 0

47 32 0 30 5 36 5 34 0 31 5 29 0 36 5 33 5

48 31 0 30 0 37 5 34 0 31 0 29 0 35 5 32 5

49 31 0 30 0 37 0 33 5 31 5 30 0 35 5 33 0

50 32 5 31 0 37 0 33 5 31 0 29 0 35 0 32 0

51 30 0 28 5 37 5 34 0 31 0 29 0 34 5 33 5

52 30 0 28 5 37 0 34 0 31 0 30 0 36 0 33 5

^average tem perature o f  seven days S solarized soil N S-nonsolanzed soil
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Data on soil temperature o f both solarized and nonsolanzed beds before and 

after solarization are presented in Table 6 In general, soil temperature is found to be 

high in polyhouse compared to ram shelter, and in both the temperature in solarized 

beds was higher than nonsolanzed beds In polyhouse there is an increase in soil 

temperature upto o f 4°C in solarized beds over nonsolanzed beds at 2 30 pm During 

this period temperature in solarized beds ranged from 33 5-37 5°C m solanzed beds, 

whereas in nonsolanzed beds from 32-34°C (Fig 1) At 7 30 am, soil temperature in 

solarized beds inside the polyhouse varied from 30-32 5°C, whereas in nonsolanzed 

beds it ranged from 28 5-31°C

In rain shelter, there is an increase in soil temperature upto of 3 5°C in 

solanzed beds over nonsolanzed beds at 2 30 pm During this period temperature 

varied from 34 to 36 5 °C, whereas in nonsolanzed beds it ranged from 30-33 5°C 

(Fig 2) At 7 30 am, soil temperature m rain shelter varied from 29 5-31 5 °C, 

whereas in nonsolanzed beds from 28 5-30°C

4.3.1.1 Enumeration of soil microflora in polyhouse and rain shelter

The population o f fungi, bactena and actinomycetes m solanzed and 

nonsolansed soil was enumerated in polyhouse and rain shelter (Plate 9) The results 

are presented m Table 7 During the penod o f solanzation, there was reduction in the 

population of soil microflora m all the plots, but it was highly prominent in solanzed 

beds The percentage reduction in the fungal flora in polyhouse was 79 34, whereas in 

nonsolanzed beds it was only 28 18 per cent Similarly the bactenal population was 

reduced by 77 50 per cent in solarized beds, while in nonsolanzed beds the reduction 

was only 31 33 per cent The population o f actinomycetes was also reduced by 67 85 

per cent in solarized beds, compared to 25 92 per cent in nonsolansed soil
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Table 7. Population of soil microflora in polyhouse and rain shelter

Soil microflora

Population of soil microflora*
Polyhousc Rain shelter

Solarized soil N onsolanzed soil Solarized soil Nonsolarized soil
Before After Per cent 

reduction
Before After Per cent 

reduction
Before After Per cent 

reduction
Before After Per cent 

reduction
Fungi(xlO  

cfu g ‘) 151 67 31 33 79 34 145 89 104 78 28 18 133 45 35 66 73 28 128 89 89 00 30 95

6
Bacteria(xlO  

cfu g ') 56 30 12 67 77 50 52 45 31 33 40 27 34 89 9 34 73 23 32 45 18 33 43 51

Actinomycetes 

(xlO ctu g )
9 33 3 00 67 85 10 34 7 66 25 92 12 34 4 30 65 15 11 66 8 56 26 59

*Mean o f tln e e  leplication
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In rain shelter, the same trend was observed and the per cent reduction o f fungal flora in 

solarized beds was found to be 73 28, whereas in nonsolarized beds the reduction was only 30 95 

per cent Similarly the bacterial population was reduced by 73 23 per cent in solarized beds, while 

in nonsolarized beds the reduction was only 43 51 per cent In the case of actmomycetes the 

reduction was 65 15 and 26 59 per cent, m solarized and nonsolarized beds respectively

4.3.2 Management of downy mildew of cucumber under polyhouse and rain shelter

The effectiveness o f selected plant protection chemicals, biofungicides and biocontrol 

agents were tested against the downy mildew of cucumber under polyhouse and ram shelter The 

crop was raised in polyhouse and rain shelter during January to May o f 2016 Relative humidity 

inside the structures was maintained >80 per cent by operating fogger Incidence o f downy 

mildew was noticed at 49 days after sowing (DAS) in polyhouse and at 54 DAS in ram shelter 

The first foliar application was given at the onset of disease Subsequent sprays were given at 15 

days interval Disease seventy was recorded using 0-5 scale before spraying and 15 days after 

each praying From each plot, four plants were selected randomly, and a total of five leaves from 

each plant were observed Based on the per cent of leaf area infected, disease severity was 

calculated (Wheeler, 1969)



Table 8. Effect of different treatments on downy mildew and yield of cucumber under polyhouse

Treatment

Per cen t d isease  severity*

Mean yield 
(kg plot ')**

Per cent 
increase 

over 
control

Before
trcitment

After first 
trcitment

Per cent 
reduction 

over control

After
second

treatment

Per cent 
reduction 

over 
control

After third 
treatment

Per cent 
reduction 
over 
control

T| -S + ST + SA + foliar spray - T  vm de 4 33 12 67abc 43 28 16 67ab 54 13 23 67abc 60 99 23 40“ 71 01

T2 -S +  ST + SA + foliar spray - P 
Jluorescens) 5 00 13 67abal 38 80 17 00abc 53 21 24 67“' cd 59 34 22 60ob 65 16

Tj - T  vm de 6 67 15bcde 32 84 I8 333bcd 49 54 26 67s* 56 15 20 63abc 50.79

T4 -P  fluorescem 6 33 15 67cde 29 85 20 33btd 44 04 26 00nbc,i 57 15 19 14' 39 85

T , cowdung supernatant 7 00 17 33' 22 39 22 33d 38 53 28 33d 53 30 20 93“bc 52 98

T6 -cowdung supernatant + P  Jluorescens 6 00 17 00' 23 88 20 33 b'“ 44 04 28 00d 53 85 20 32bc 48 47

T 7 -garlic extract 6 33 16.00d' 28 36 21 00Ld 42 20 27 33Ld 54 95 19 87Uc 45 19

Tw -C alphom il 7.00 16 OOd' 28 36 20 33bul 44 04 27 00bcd 55 50 20 47bc 49 57

T ) -potassium phosphonate + hexaconazole 5 67 16 33dc 26 87 20 00 ,Ui 44 95 27 00bcd 55 50 20 48bc 49 69

Tiu cymoxaml + mancozeb 6 00 11 67“ 47 76 16 00 ' 55 96 22.67“ 62 63 22 53”b 64 68

T ji -mancozeb 7 00 12 33“*’ 44 78 16 33ub 55 05 22 33ub 61 55 21 75“bc 58 95

T p -control 6 67 22 33* - 36 33L - 60 67“ - 13 68" -

CV 15 9G 1225 1243 8 15 8 16

CD NS 3 22 431 3 97 2 83

*Mean o f three replications, values followed by same superscript are not significantly different by DMRT (P=0 05) **plol size 3m

S-Soil solanzation ST- Seed treatment, SA-Soil application
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4.3.2.1 Effect of different treatments on downy mildew of cucumber under 

polyhouse

Results o f  the field experiment for management o f downy mildew of 

cucumber in polyhouse are presented in Table 8 Before treatment application there 

was no significant difference in disease severity among the treatments There was a 

gradual increase in the disease throughout the experiment However, all treatments at 

all the stages o f observation were found to be superior to control in reducing rate of 

increase o f the disease Lowest disease seventy was recorded in Tjo (cymoxanil + 

mancozeb) at all stages o f observation and the per cent reduction over control is 

62 63 per cent after the third spraying followed by Ti i (mancozeb) which shows 

61 55 per cent reduction in disease severity after last spray However, treatments Tio, 

T ] i were found to be on par after each spraying

Among biocontrol agents, Tnchoderma viride along with soil solanzation (Tj) 

gave the best result in the reduction o f downy mildew which accounted for 60 99 per 

cent over control (Plate 10) Ti is followed by T2 (solanzation + foliar spray o f P 

fluoi escens) and T4 (foliar spray with Pseudomonas fluoi escens) where the reduction 

is 59 34 per cent and 57 15 per cent respectively over control Treatments T], T2 and 

T4 were found to be on par with chemical treatments T 10 and T 11

Between the two biofungicides, Tg (Calphomil) gave reduction in downy 

mildew upto 55 50 per cent followed by T 7 (garlic) where the per cent reduction over 

control is 54 95

Effect o f treatments was reflected on yield o f cucumber also and all the 

treatments recorded higher yield than control Eventhough the lowest PDS was 

recorded in Tio(cymoxaml +  mancozeb), mean yield was found to be more in the 

treatment T 1 and T2 with an increase o f  71 01 per cent and 65 16 per cent respectively 

over control However mean yield was found to be on par for treatments T 1 (23 4 kg 

p lo t '), T2 (22 6 kg p lo t '), Tio (22 53 kg p lo t '), T n (21 75kg plot ‘), T3 (20 63 kg 

p lo t1), T , (20 93 kg p lo t1)



Polyhouse Ram shelter

Fungi

Bacteria

Actinom ycetes

S solari/ed soil NS nonsolari/ed soil

P late 9 P opulation  o f  soil nucroflora  111 s o la n /e d  and n o n so la r is id  soil

T j- so la n sa tio n  + seed treatm en t +

soil ap p lication  o f  T richoderm a  \ t n d e  + 

fo liar  sp ra \ w ith  T  \ir id e (2 " /o )

T C ontrol
12

Plate 10 f ffect of treatm ents on downs mildess in pols house



T a b le  9 E ffec t o f  d ifferen t trea tm en ts on d o w n y  m ild ew  o f  cu cu m b er  u n d er  ram  sh e lter

P er  cen t d isease  sev e i ity*
Mean yield 
(kg plot ’)**

Per cent

Treatment Before
treatment

After first 
treatment

Per cent 
reduction 

over 
control

After
second

treatment

Per cent 
reduction 

over 
control

After third 
treatment

Per cent 
reduction 

over 
control

over
control

T| -S + ST + SA + foliar spray - T  vm de 4 33 7 67abc 41 03 10 67ab' 59 57 11 670bc 52 70 16 78" 54 92

T2 -S + ST + SA + foliar spray - P 
J luorestu is) 4 00 8 00lbc 38 46 11 00'lb' 57 45 12 00abc 51 35 16 03nb 48 00

Tj -T  vm de 5 00 8 00ab' 38 46 11 67b'd 53 19 12 33abc 50 00 15 15ab' 39 85

T4 -P  Jluorescens 6 00 8 67bc 33 33 11 67bcd 53.19 12 67abc 48 65 14 88abc 37 38

Ts -cowdung supernatant 6 00 9 00' 30 77 13 33de 42 55 13 67' 44 60 13 93bc 28 62

T6 -cowdung supernatant + P Jluorescens 5 33 8 67bc 33 33 12 67'“' 46 81 13 00bc 47 30 14 02b' 29 38

T7 -garlic extract 6 00 9 00c 30 77 14 33' 36 17 13 67' 44 60 13 77' 27 08

Th —Calphomil 5 67 8 67b' 33 33 12.67'“' 46 81 13 33b' 45 95 13 97" 28 92

T ,-potassium  pliosphonate+ hexaconazole 5 67 8 67b' 33 33 11 67b'd 53 19 13 00bc 47 30 14 20"' 31 OS

T m-cynioxanil + mancozeb 6 67 7 00" 46 15 9 33" 68 06 11 00" 55 41 1 5 3 8 ,lL 41 97

T ,| -mancozeb 5 67 7 33“b 43 59 10 33“b 61 70 11 33ab 54 05 15 18*le 40 09

T ]2 -control 6 33 13 00d - 20 00f - 24 67d - 10 83d -

CV 16 85 9 75 9 78 9 86 8 55

CD NS 1 43 2 06 2 26 2 10

----  1 1 1------- 1------- 1-------*-----  1 1 K
*Mean o f  three replications, values followed by same superscript are not significantly different by DMRT (P=0 05) **plot size 3m  
S-SoiI solanzation, ST -Seed  treatment, SA-Soil application
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4.3.2 2 Effect of different treatments on downy mildew of cucumber under rain 

shelter

Results of the field experiment in rain shelter are presented in Table 9 

Incidence o f downy mildew was noticed after 54 days o f sowing (DAS) in rain 

shelter Spraying as well as recording o f observation were done as in polyhouse

Before treatment application there was no significant difference in disease 

severity among the treatments As m polyhouse there was a gradual increase in the 

severity of downy mildew throughout the experiment However, all treatments at all 

the stages o f observation were found to be superior over the control in reducing he 

rate o f increase of the disease Throughout the experiment, T jo (cymoxaml + 

mancozeb) was the best treatment with lowest PDS and this treatment gave disease 

reduction of 55 41 per cent over control It is followed by T n  (mancozeb) which gave 

54 05 per cent disease reduction over control However, these two treatments were on 

par after each spraymg

Among the biocontrol treatments, T i{Trichoderma vm de  along with soil 

solarization) gave the best result in the reduction of downy mildew, which accounted 

for 52 70 per cent disease reduction over control and this is followed by T2 1 e 

solarization + foliar spray o f Pseudomonas fluot escens{5\ 35per cent reduction ) 

After the third spraying, the PDS in T i( l l  67%), T2(12%), T3(fohar spray of 

Trichodei ma vm de-12 33%), T4 (foliar spray of Pseudomonas Jluoi escens-\2  67%), 

Trj (foliar spray with cowdung + Pseudomonas Jluorescens 13%) and Tpffohar spray 

with potassium phosphonate + hexaconazole-13%) were found to be on par with 

T ,0(l 1%) and T „ ( l l  33%)

The biofungicides tested viz Calphomil(Ts) and garhcflY) also gave 

reduction in downy mildew upto 45 95 per cent and 44 60 per cent respectively

Effect o f treatments was reflected on yield o f cucumber also Eventhough the 

lowest PDS was recorded in T 10 (cymoxaml + mancozeb), mean yield was found to 

be the highest in Ti(16 78 kg p lo t ') followed by T2(16 03 kg p lo t ') which accounts 

for an yield increase o f 54 92 per cent and 48 per cent respectively over control
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4.3.2.3 Assessment of crop loss

Yield from the plot having maximum yield Ti(Soil solanzation + seed 

treatment +  soil application + foliar spray o f Tnchodei ma vm de) and minimum yield 

T i2(control) were recorded and percentage yield loss in polyhouse and ram shelter 

was worked out and presented in Table 10

Table 10. Per cent yield loss in cucumber due to downy mildew disease

Protected

structure

Yield (kg plot ‘)*

Ti(S + ST + SA + foliar spray of 

Trichoderma viride)

T i2(control) Per cent 

yield loss

Polyhouse 70 20 41 05 41 52

Ram shelter 50 34 32 49 35 46

S Soil solanzation, ST- Seed treatm ent, SA Soil application * plot size 3m

In polyhouse, yield loss was found to be 41 52 per cent, whereas in rain 

shelter, it was 35 46 per cent

4.3.2 4 Effect of treatments on the biometric characters

Biometric characters o f  cucumber such as days to flower, days to harvest, vine 

length, fruit weight, fruit length and shelf life o f cucumber was recorded during the 

field experiments (Table 11)
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Table 11. Effect o f treatments on biometric characters of cucumber in polyhouse

T r e a tm e n t
B io m etric  c h a ra c te r s ’1

D ays to 
flow ering

D ays to 
h a rv e s t

V ine
leng th(m )

F ru i t  
w eigh t(kg)

F ru it
leng th(cm )

S helf
life

(days)
T| -S + ST + SA + foliar 
spray - T. vmde 27 33 37 33 5 00 0 15 17 17 2 33de
T2 -S + ST + SA + foliar 
spray - P  fluorescens) 27 33 37 33 4 88 0 14 17 83 2 67cde

Tj -T  vmde 27 33 38 00 4 75 0 15 17 00 2 67cae
Ti - P  fluorescens 27 33 37 67 4 88 0 14 17 67 3 00bcu
T5 -cowdung supernatant 28 00 37 67 4 87 0 14 1650 2 33de
T6 -cowdung supernatant + 
P fluorescens 27 67 38 00 4 75 0 14 17 67 2 67cde
T7 garlic extract 27 67 37 67 461 0 12 1750 2 00e
Ts Calphomil 27 67 38 00 4 63 0 13 1750 4 33a
T9-potassium phosphonate 
+ hexaconazole 27 67 37 67 4 90 0 14 17 67

3 33bc

Tjo-cymoxanil + mancozeb 27 67 37 67 481 0 14 17 67 3 67at)
T n -mancozeb 28 00 37 67 4 76 0 13 16 83 2 67cde
T j2 -control 28 00 37 67 4 69 0 12 17 00 2 00°
cv 2 80 1 92 4 52 9 22 3 69 18 53
CD NS NS NS NS NS 0 88

*Mean of three replications, values followed by same superscript are not significantly different by DMRT (P=0 05) 

S Soil solanzation, ST Seed treatment, SA Soil application

In polyhouse experiment, there was no significant difference among the 

treatments in any o f  the biometric parameters except shelf life (Plate 11) However, 

there is a slight earl mess m the case o f flowering and harvest in the treatments T i and 

T2 and also the fruit weight, vine length and fruit length found to be more in 

treatments T] and T2 Vine length o f  cucumber in polyhouse ranges from 4 61 to 5m 

and fruit weight ranges from 0 12 to 0 15kg Fruit length showed a variation from 

16 50 to 17 83cm The longest shelf life o f  fruits was in Tg(Calphomil) followed by 

T]o(cymoxaml +  mancozeb) when stored at room temperature



Plate 11 Different stages of the crop in pol\house (cucum hu \a r ie t \  Hilton)



Table 12. Effect o f treatments on biometric characters o f cucumber in rain shelter

T r e a tm e n t
B io m e tn c  ch a ra c te rs*

D ays to 
flow ering

D ays to 
h arv est

V ine
leng th(m )

F ru i t
w eight(kg)

F ru it
leng th(cm )

S h e lf
life
(days)

T | -S + ST + SA + foliar 
spray - T. uride 33 67 42 33 4 90 0 24 18 17 2 00

T2 -S + ST + SA + foliar 
spray - P fluorescens) 32 67 42 67 4 73 0 25 18 00 2 00

T3- r  vmde 32 67 42 67 4 46 0 22 18 00 1 67
Tj -P Jluorescens 32 33 42 67 4 03 0 23 17 50 2 33
T s -cowdung supernatant 33 00 43 33 4 55 0 23 18 00 2 00
T6 cowdung supernatant + 
P fluorescens 32 67 42 67 4 00 0 23 17 83 1 67
T7 garlic extract 33 00 43 33 451 0 22 18 00 1 33
Tg Calphomil 33 33 43 00 4 71 0 23 17 83 2 67
T9 -potassium phosphonate 
+ hexaconazole 33 00 43 00 4 24 0 23 17 83 2 33
Tio cymoxaml + mancozeb 33 00 43 00 4 63 0 23 17 67 3 33
T n mancozeb 33 67 43 33 4 49 0 23 17 50 2 33
T ]2 -control 33 67 43 33 4 53 0 22 17 67 2 00
CV 2 43 l 92 11 14 3 45 3 66 38 10
CD NS NS NS NS NS NS

*Mean of three replications, values followed by same superscript are not significantly different by DMRT (P=0 0: 
S-Soil solanzation, ST- Seed treatment, SA-Soil application

Biometric observations o f cucumber in ram shelter are presented in Table 12 (Plate 

12) There was no significant difference among the treatments in any o f the biom etnc 

parameters Days to flowering and days to harvest were lesser for cucumber in treatments 

T] and T2 Fruit weight, fruit length and vine length also more in treatments T 1 and T2 as 

in polyhouse Vine length ranges from 4 00 to 4 90m and fruit weight varied from 0 22 to 

0 14 kg Fruit length ranges from 17 50 to 18 17cm Shelf life o f  cucumber was observed 

to be higher for treatment Tio (cymoxaml +  mancozeb) followed by treatment Ts 

(Calphomil) in rain shelter However shelf life was not significantly different among the 

treatments in rain shelter



R *
J '

Plate 12 Different stages of the crop in rain shelter (cucum hei \a r ie t \  W lC - 2 )
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4.3.2.5 Econom ic analysis

Benefit cost ratio was calculated at the market price l e  Rs 30 kg 'for all the 

treatments and also with 20 per cent premium price for nonchemical treatments 

Table 13. Econom ic analysis o f treatm ents m polyhouse

Treatment

Benefit • Cost ratio

Total
cost
(Rs.)

Yield
(kg)

@ Rs.30 k g 1

@ 2 0 % premium 
price for 

nonchemical 
produce

Total
returns

(R s)

B C 
ratio

Total
returns

(R s)

B C 
ratio

T] -S + ST + SA + foliar spray - T. 
vmde 1342 70 2 2106 1 57 1 2527 2 1 8 8  1

T2 -S + ST + SA + foliar spray - P. 
fluorescens) 1271 5 67 8 2034 1 60 1 2440 8 1 92 1

T3 -71 vinde 1417 61 9 1857 1 31 I 2228 4 1 57 1

X| -P fluorescens 1471 5 57 41 1722 3 1 17 1 2066 76 1 40 1
Ts -cowdung supernatant 1539 62 8 1884 1 2 2  1 2260 8 1 47 1

Tfi -cowdung supernatant + P 
fluorescens 1571 5 60 95 1828 5 1 16 1 2194 2 1 40 1

T7 -garlic extract 1567 59 6 1788 1 14 1 2145 6 1 37 1

Ts -Calphomil 1617 61 4 1842 1 14 1 2210 4 1 37 1

T9 -potassium phosphonate + 
hexaconazole 1527 61 45 1843 5 1 21  1 1843 5 1 21  1

Tio-cymoxanil + mancozeb
1149 67 60 2028 1 77 1 2028

1 77 1
Tn -mancozeb 1290 65 25 1957 5 1 52 1 1957 5 1 52 1
T 12 -control 1159 41 05 1231 5 1 06 1 1477 8 1 28 1

S Soil solari2ation, ST- Seed treatm ent, SA Soil application
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Benefit cost ratio o f  different treatments in polyhouse was calculated and 

presented in Table 13 At the market pnce for all treatments o f  Rs 30 kg the 

highest B C ratio was observed in treatment Tio(cymoxaml + mancozeb) i e 1 77 1 

However when calculated with 20 per cent premium price for nonchemical 

treatments, T2 (solanzation+ Pseudomonas jluoi escens) is found to be highly 

economic with B C ratio (1 92 1) However, all the treatments recorded a B C ratio, 

higher than control m both the structures 

Table 14. Economic analysis of treatments in rain shelter

Treatment

B enefit. Cost ratio

Total
cost
(Rs.)

Yield
(kg)

@ Rs.30 kg 1
@ 20% premium 
price nonchemical 

produce
Total

returns
(Rs)

B C
ratio

Total
returns

(Rs.)

B:C
ratio

Ti -S + ST + SA + foliar spray - T. 
virule 1227 50 34 15102 1 23 1 1812 24 1 48 1

Ti -S + ST + SA + foliar spray - P. 
jluorescens) 111255 48 09 1442 7 1 30 1 1731 24 1 56 1

T3-T virule 1198 45 45 1363 5 1 14 1 1636 2 1 37 1

Ta -P. jluorescens 1153 44 64 1339 2 1 16 1 1607 04 1 39 1

T5 -cowdung supernatant 1089 41 79 1253 7 1 15 1 1504 44 1 38 1

Tg -cowdung supernatant + P 
jluorescens 11365 42 06 1261 8 1 11 1 1514 16 1 33 1

T7 -garlic extract 1122 41 31 1239 3 1 11 1 148716 1 33 1

Tg -Calphomil 1102 41 91 1257 3 1 14 1 1508 76 1 39 1

T9 -potassium phosphonate + 
hexaconazole 1012 42 60 1278 1 26 1 1278 00 1 26 1

Tjo-cymoxanil + mancozeb 956 46 14 1384 2 1 45 1 13842 1 45 1

T j 1 -mancozeb 1034 45 53 1365 93 1 32 1 1365 93 1 32 1

T12 -control 944 32 49 974 7 1 03 1 1169 64 1 23 1

S Soil solarization, ST Seed treatment, SA Soil application
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Benefit cost ratio o f  different treatments in ram shelter was calculated and 

presented in Table 14 A t Rs 30 kg the highest B C ratio was observed m treatment 

Tio (cymoxaml + mancozeb) le 1 45 1 However, when calculated with 20 per cent 

premium price for nonchemical treatments, T2 (solanzation+ Pseudomonas 

Jluorescens) is found to be highly economic as in polyhouse with 1 56 1 B C ratio 

Here also, all the treatments, gave a B C ratio higher than control

On comparing between polyhouse and ram shelter it is found that B C ratio is 

moie m all the treatments in polyhouse than those in ram shelter At the same price 

for all treatments, highest B C ratio was observed in treatment Tio(cymoxaml + 

mancozeb) in both polyhouse and ram shelter However, when calculated at 20 per 

cent premium price, treatment T2 (solarization+ Pseudomonas Jluorescens') is found 

to be highly economic in both the structures

4.4 Meteorological parameters

Temperature and relative humidity inside the polyhouse and ram shelter was 

recorded at 7 30 am and 2 30 pm daily during the experiment (Table 15) 

Temperature was found to be higher in ram shelter compared to polyhouse

Inside the polyhouse the temperature varied from 22 6 to 29 6°C at 7 30 am 

and during this period, m rain shelter it vaned from 23 2 to 30 4°C At 2 30 pm, the 

temperature mside the polyhouse and ram shelter varied from 36 6 to 42 5°C and 40 6 

to 44 1°C respectively (Fig 3, 4)



Table 15. M eteorological data  during  the period of experim ents in polyhouse and rain shelter

Std.
week**

Meteorological param eters
Polyhouse Rain shelter Oilen

7 30 am 2.30 pm 7.30 am 2.30 pm 7.30 am 2 30 pm
Temp.

<°C)
RH Temp.

(°C)
RH Temp.

(nC)
RH Temp.

(nC)
RH Temp.

Cq
RH Temp.

(*q
RH

1 27 0 71 42 5 42 27 8 61 42 1 37 22 5 72 32 5 41
2 25 1 74 39 9 42 25 8 66 40 9 32 22 7 75 32 7 46
3 26 6 76 36 6 40 27 2 70 41 2 32 24 2 72 34 1 42
4 24 9 65 40 5 33 25 4 64 40 9 25 22 1 66 34 5 26
5 22 6 80 40 1 41 23 2 80 42 1 37 22 2 82 34 9 39
6 25 8 80 40 3 37 26 3 78 40 6 32 24 1 79 35 1 36
7 29 6 81 40 1 39 30 4 80 42 1 32 24 6 82 36 2 44
8 27 5 84 41 2 46 28 1 83 42 6 41 24 8 84 36 0 34
9 24 7 81 40 0 67 25 2 80 40 6 46 25 0 81 36 7 42
10 29 1 80 39 8 76 28 7 80 40 7 54 25 0 81 36 7 42
11 27 5 89 40 1 64 27 9 87 40 7 50 25 0 90 36 1 51
12 29 3 91 40 1 60 29 8 90 42 7 46 27 3 92 35 8 56
13 28 3 89 41 1 61 28 6 88 44 1 45 25 5 90 36 8 51
14 29 6 87 41 2 62 30 4 86 43 1 46 25 8 87 364 52
15 30 7 85 41 6 52 31 2 83 44 1 46 26 3 86 35 0 59
^average of seven days
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Damping off 
P i th ium  apham derm atum

Fruit rot 
P\ th ium  apham derm atum

Red spider mite
Tetram chus  sp

Plate 13 Incidence o f pests and diseases other than downs mildew in pols house

Powder} mildew Serpentine leaf minor C ucum ber caterpillar Red spider mite
f  i isiplte ctchoracearttm  I  u io m \ ~a tu fo h t D tapham a m dtca Tetram chus  sp

Plate 14 Incidence of pests and diseases other than downs mildew in ram shelter
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Inside the polyhouse, relative humidity varied from 65 to 91 per cent at 7 30 

am and during this period, in ram shelter it varied from 64 to 90 per cent At 2 30 pm, 

RH inside the polyhouse and ram shelter varied from 33 to 76 per cent and 32 to 54 

per cent respectively

Table 16. Correlation analysis o f disease seventy with major meteorological 

parameters.

Correlation coefficients

Polyhouse Ram shelter

PDS RH PDS RH

RH 0 933** 0 803**

Temperature -0 283* 0 082 -0 427* 0 196

PDS Per cent disease incidence RH- Relative humidity

^Correlation is significant at 0 05 level ** Correlation is significant at 0 01 level

The correlation analysis was performed utilizing the data collected during the 

field experiment, and here also it was observed that there is a significant positive 

correlation between PDS and RH inside the polyhouse and rain shelter and it is 

negatively correlated with temperature

4 5 Incidence o f other diseases and pests

Incidence o f other diseases and pests were recorded during the experiment 

(Table 17) M inor incidence o f damping off and powdery mildew was lecorded in 

polyhouse (Plate 13) and ram shelter (Plate 14) respectively Infestation o f pests such 

as cucumber caterpillar and serpentine leaf minoi were also observed in ram shelter 

whereas in polyhouse the infestation o f red spider mite was observed



54

Table 17. Per cent incidence of other diseases and pests in polyhouse and rain 

shelter

Pests/d lseases/ physiological 
disorders

Per cent disease incidence(PDI)
Polyhouse | Ram shelter

Pests
Cucumber caterpillar 11 57
Serpentine leaf minor 6 94
Red spider mite 5 23
Diseases
Damping off 4 17
Powdery mildew 13 89
Physiological disorders
Calcium deficiency » *
Boron deficiency *

*Presence o f  deficiency symptos

Symptoms o f calcium deficiency were observed both in polyhouse and ram 

shelter towards the last stage of harvest (Plate 15) The fruits became C’ shaped or 

dump-bell shaped when there is deficiency of calcium Yellowing and drying o f 

immature fruits due to boron deficiency was observed in polyhouse However, these 

deficiencies were observed towards the last stage o f the crop and hence did not affect 

the yield

4 6 Enumeration of phylloplane microflora under protected condition

The phylloplane microflora (fungi and bacteria) o f the crop was enumerated 

before and after each spray using serial dilution plating in both polyhouse and rain 

shelter (Plate 16) Actinomycetes could not be isolated from any o f the samples

4.6.1 Population of phylloplane fungi

There was more or less uniform population of phylloplane fungi on the crop 

inside the polyhouse before spraying (Table 18) which ranged from 62 01 x 10 cfu 

c m 2 to 69 61 xlO cfu c m 2 But immediately after spraying, there is a drastic



A Calcium  deficiency

B. Boron deficiency 

Plate 15 Nutrient deficiency symptoms in cucumber 111 protected structures



A Assessment of leaf area

C. Media used 
Fungi- M artin’s Rose Bengal Agar 
Actinom vcetes- Ken Knights Agar 
Bacteria- Nutrient Agar

C Phylloplane fungi

B Extraction of phylloplane 
microflora in stei lie ater

D Incubation of plates

F Phylloplane bacteria

Plate 16 Enumeration of phylloplane nncroflora of cucumber
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reduction in the population in Tio(cymoxaml + mancozeb-17 14 x 10 cfu c m 2), 

Tn(mancozeb-23 81 x 10 cfu c m 2) and Tgfpotassium phosphonate +  hexaconazole- 

25 52 x 10 cfu cm 2) However, the population slightly increased to 21 43 x 10 cfu cm 

2, 28 10 x 10 cfu c m 2, 29 05 x 10 cfu c m 2 respectively at 15 days after spraying 

Again after second spray, it came down further to 11 57 x 10 cfu cm 2, 22 24 x 10 cfu 

cm 2, 20 95 x 10 cfu cm 2 respectively Then in the case o f Tio and T9 since there was 

no third spray, the population continuously increased to 28 64 x 10 cfu cm 2, 39 56 x 

10 cfu cm , 2 respectively at 45 DAS In the case o f T n , the same trend is observed 

after third spray also (Fig 5)

Table 18. Effect of different treatments on phylloplane fungi of cucumber in 

polyhouse

T re a tm e n t
F u n g i ( \  10 cfu cm  2) K

P re
tre a tm e n t

F irs t  sp ray in g S econd sp ray in g T h ird  s p ray in g
ID A S 15DAS ID A S 15DAS ID A S 15DAS

T] -S + S T  +  SA +  fo lia r  
sp ra y  - T  viride

68 63 108 84 66 34 117 68 67 45 121 67 64 96

T 2 -S + S T +  S A + f o l ia r  
sp ra y  - P. fluorescens)

66 67 38 57 62 86 34 32 65 87 33 42 64 81

T j- 7 1 viride 64 81 105 65 65 76 113 65 69 66 123 65 68 52
T 4 -P  fluorescens 68 57 34 24 63 52 37 43 65 67 36 54 63 89
T 5 -co w d u n g  s u p e rn a ta n t 67 59 89 86 67 14 87 56 68 18 86 83 63 52
Tg -co w d u n g  s u p e rn a ta n t  + 
P  fluorescens

69 52 78 61 63 33 76 53 65 34 76 23 67 34

T 7 -g arlic  e x tra c t 62 86 46 19 68 48 46 19 70 48 46 19 69 78
Tg -C alp h o m il 64 76 37 14 61 43 37 14 71 43 37 14 68 74
T s -po tass iu m  p h o sp h o n a te  
+  hexaconazole

67 62 25 52 29 05 20 95 27 62 34 52 39 56

T ]0-cym oxanil +  m ancozeb 69 61 17 14 21 43 11 57 14 29 21 19 28 64
T ] r -m ancozeb 62 04 23 81 28 10 22 24 29 52 21 90 31 11
T 12 -co n tro l 63 81 65 71 67 89 68 76 66 19 65 10 69 11
*Mean of three replications DAS Days after spraying

S Soil solarization, ST Seed treatment, SA Soil application

In treatments Ti and T3, where Tnchodeim a  was sprayed on leaves, there is a 

drastic increase in the population o f  phylloplane fungalflora and the population is
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108 84 x 10 cfu c m 2and 105 65 x 10 cfu c m 2 respectively immediately after 

spraying In T^cowdung) and T6 (cowdung +Pseudomonas)a\so there was increase 

in phylloplane fungal population i e , 89 86 x 10 cfu c m 2and 78 61 x 10 cfu c m 2 

respectively However in all these treatments, the population came back to initial 

level after 15 days of spraying In T2 and T4 where Pseudomonas was sprayed there 

was reduction in the population o f fungalflora, but the reduction was lesser compared 

to chemical treatments and the population increased and reached the initial level by 

15 days of spraying

In T7 (garlic) and Ts (Calphomil) there was reduction in the population 

immediately after spraying, but not upto the level o f chemical treatments and after 15 

days, the population gradually got build upto original level The same trend is 

observed after second and third spray also However, the population in control did not 

pseudoperonospora change during the experiment

It was noticed that the trend m the variation of population of phylloplane 

fungalflora in rain shelter is same as that of polyhouse But in rain shelter the initial 

population was slightly higher (Table 19) than polyhouse and it varied from 81 61 x 

10 cfu cm 2 to 89 29 x 10 cfu cm 2 But immediately after spraying, there is a drastic 

reduction in the population in T ]0 (cymoxaml + mancozeb-23 08x 10 cfu c m 2), 

T n (m a n c o z e b -3 2  05x 10 cfu c m 2) and Tgtpotassium phosphonate + hexaconazole-

36 15x 10 cfu c m 2) However, the population slightly increased to 25 23 x 10 cfu cm 

2,35 21 x 10 cfu cm 2, 38 56x 10 cfu cm 2 respectively at 15 days after spiaymg Again 

after second spray it came down further to 23 46 x 10 cfu cm 2, 33 44 x 10 cfu cm 2,

37 54 x 10 cfu cm 2 respectively Then in the case of T9 and T |0 since there was no 

third spray, the population continuously increased to 46 56 x 10 cfu cm 2, 31 78 x 10 

cfu cm, Respectively at 45DAS In the case of T n , the same trend is observed after 

third spray also (Fig 6)
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Table 19. Effect o f different treatments on phylloplane fungi of cucumber in rain 

shelter

Treatment
Fungi (x 10 cfu cm 2)K

Pre
treatment

First spraying Second spraying Third spraying
IDAS 15DAS IDAS 15DAS IDAS 15DAS

Ti -S + ST + SA + foliar 
spray - T virule 85 71 133 67 80 77 138 34 83 33 136 26 84 94

T2 -S + ST + SA + foliar 
sp ray - / 1 fluorescens 86 90 48 46 84 62 49 85 86 67 45 38 86 36

T3-T virule 86 67 138 46 86 42 134 80 85 56 139 23 87 92
Ti -P fluorescens 84 52 47 44 83 59 48 97 84 44 49 23 86 07
T5 -cowdung supernatant 89 29 102 82 88 97 105 64 87 78 104 36 87 78
T6 -cowdung supernatant + 
P fluorescens 85 71 92 56 87 72 97 95 88 89 97 03 85 61

T7 -garlic extract 85 92 68 97 85 13 69 49 84 44 73 08 82 22
Ts -Calphomil 83 33 50 70 86 15 51 38 86 67 49 87 87 78
T9 -potassium phosphonate 
+ hexaconazole 81 61 36 15 38 56 37 54 38 33 40 77 46 56

Tio-cymoxanil + mancozeb 84 52 23 08 25 23 23 46 26 17 27 72 31 78
Tn -mancozeb 87 18 32 05 35 21 33 44 36 11 3241 36 00
T ]2 -control 83 33 88 46 87 23 89 65 84 44 89 49 90 60

*Mean of three replications DAS-Days after spraying

S-Soil solanzation, ST- Seed treatment, SA Soil application

In treatments Ti and T3, where Trichoderma was sprayed on leaves, there is a 

drastic increase in the population o f phylloplane fungalflora and the population is 

133 67 x 10 cfu c m 2 and 138 46 x 10 cfu cm 2 respectively In T3(cowdung) and T6 

(cowdung + Pseudomonas) also there was increase in phylloplane fungal population 

1 e , 102 82 x 10 cfu cm 2and 92 56 x 10 cfu c m 2 respectively immediately after first 

spray However in all these treatments, the population came back to initial level after 

15 days o f spraying In T2 and T4 where Pseudomonas was sprayed there was 

reduction in the population o f fungalflora, but the reduction was lesser compared to 

chemical treatments and the population increased and reached the initial level by 15 

days o f spraying
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In T7 (garlic) and Tg (Calphomil) there was reduction in the population 

immediately after spraying, but not upto the level o f chemical treatments and after 15 

days, the population gradually got built upto original level The same trend is 

observed after second and third spray also However, the population in control did not 

change during the experiment

4.6.2 Population of phylloplane bacteria

It was observed that the population of phylloplane bacteria is always higher 

compared to fungi (Fig 7) Inside the polyhouse there was more or less uniform 

population o f phylloplane bacteria on the crop before spraying (Table 20) which 

ranged from 17 14 x 103 cfu cm 2 to 19 19 x 103 cfu cm 2 But immediately after 

spraying, there is a drastic reduction in the population in Tio(zero), Tn(mancozeb- 

0 27 x 103 cfu cm 2) and T^potassium phosphonate + hexaconazole-0 87 x 103 cfu 

cm 2) However, the population slightly increased to 2 14 x 103 cfu cm 2, 5 81 x 103 

cfu cm 2, 6 85x 103 cfu cm 2 respectively at 15 days after spraying Again after second 

spray it came down further to 0 03x 103 cfu cm 2, 0 45 x 103cfu cm 2, 0 98 x 103cfu 

cm 2 respectively Then in the case of T 10 and T9, since there was no third spray, the 

population continuously increased to 4 94 x 103 cfu cm 2, 8 63 x 103cfu cm 2, 

respectively at 45 DAS In the case o f Tn, the same trend is observed after third 

spray also As in the case of phylloplane fungal population, bacteria also did not 

change in control
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Table 20. Effect of different treatments on phylloplane bacteria o f cucumber m

polyhouse

Treatment
Bacteria (x 103cfu cm 2)K

Pre
treatm ent

First s praying Second spraying Third spraying
IDAS 15DAS IDAS 15DAS IDAS 15DAS

Tj -S + ST + SA + foliar 
spray - T. viride 19 05 11 90 18 24 14 29 19 07 13 57 18 82

T2 -S + ST + SA + foliar 
spray - P fluorescens) 19 19 42 02 19 39 46 16 19 00 49 31 18 73

T3-T  viride 17 32 12 80 19 24 13 72 17 22 11 63 19 78
T4 -P. fluorescens 18 18 42 86 18 10 45 10 18 85 47 48 19 69
T4 -cowdung supernatant 16 19 34 76 1738 39 05 18 74 38 10 1839
Tfi -cowdung supernatant + 
P. fluorescens 19 05 55 56 19 05 56 71 1841 56 76 19 57

T7 -garlic extract 17 65 19 90 18 14 19 38 1748 18 33 1759
T8 -Calphomil 18 44 14 85 20 76 15 22 19 78 16 52 19 67
T9 -potassium phosphonate 
+ hexaconazole 1750 0 87 6 95 0 98 4 63 5 67 8 63

Tio-cymoxaml + mancozeb 18 10 0 00 2 14 0 03 1 70 3 52 4 94
T u -mancozeb 19 05 0 27 5 81 0 45 4 67 1 28 5 90
T ]2 -control 17 14 18 10 1838 17 14 19 44 20 95 19 84

*Mean of three replications DAS Days after spraying

S-Soil solarization, ST Seed treatment, SA-Soil application

In treatment T6 (cowdung +Pseudomonas), there was a tremendous increase 

in the population o f phylloplane bacteria (55 56 x 103cfu cm 2) Similarly in T2 and T4 

also, where Pseudomonas was sprayed on leaves, there was a drastic increase in the 

population o f phylloplane bacteria and the population is 42 02 x 103cfu cm 2and 42 86 

x 103cfu c m 2 respectively In T5(cowdung) also there was increase in phylloplane 

bacterial population l e  34 76 x 103cfu c m 2 However in all these treatments, the 

population came back to initial level after 15 days o f spraying In Ti and T3 where 

Tt ichodei ma was sprayed there was reduction in the population o f bacteria, but the 

reduction was lesser compared to chemical treatments and the population increased 

and reached the initial level by 15 days o f spraying

In T 7 (garlic), immediately after spraying, there was an increase in the 

phylloplane bacterial population, but not upto the level o f T4 (Pseudomonas) and m
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Ts (Calphomil) there was reduction m the population immediately after spraying, but 

not upto the level o f chemical treatments and after 15 days, the population m both T7 

and Ts gradually got build upto original level Same trend is observed after second 

and third spray also However, the population in control did not change during the 

experiment

It was noticed that the trend in the variation of population o f phylloplane 

bacteria also was the same in polyhouse and ram shelter (Fig 8) The initial 

population was slightly higher in ram shelter (Table 21) than in polyhouse and it 

ranged from 23 08 x 103 cfu c m 2 to 26 92 x 103 cfu c m 2 But immediately after 

spraying, there is a drastic reduction in the population m Tio(l 33 x 103 cfu cm 2), 

T 11 (mancozeb-2 67 x 103 cfu c m 2) and Tgtpotassium phosphonate + hexaconazole- 

3 67 x 103 cfu. cm 2) However, the population slightly increased to 2 70 x 103cfu cm

2,3 3 8 x 103cfu cm 2, 6 33x 103cfu cm 2 respectively at 15 days after spraying Again 

after second spray it came down further to 1 02 x 103cfu cm'2, 2 23 x 103cfu cm 2, 

6 77x 103cfu c m 2 respectively Then m the case o f Tio and T9, since there was no 

third spray, the population continuously increased to 3 03 x 103cfu c m 2, 6 22 x 

103cfu c m 2, respectively at 45 DAS Again in T n , the same trend is observed after 

third spray also

In treatment Ts (cowdung ^Pseudomonas), there was a tremendous increase 

in phylloplane bacterial population upto 67 33 x 103cfu cm im m ediately after first 

spraying In T2 and T4, where Pseudomonas was sprayed on leaves, there is a drastic 

increase in the population of phylloplane bacteria and the population is 64 00 x 

103cfu c m 2and 64 27 x 103cfu c m 2 respectively In Ts(cowdung) also there was 

increase m phylloplane bacterial population le  43 33 x 103cfu c m 2 immediately 

after first spraying However in all these treatments, the population came back to 

initial level after 15 days of spraying In T 1 and T3 where Trichoderma was sprayed 

there was reduction in the population of bacteria, but the reduction was lesser
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compared to chemical treatments and the population increased and reached the initial 

level by 15 days o f spraying

Table 21. Effect o f different treatments on phylloplane bacteria of cucumber in 

rain shelter

T rea tm en t

B acteria (x 103cfu cm Z)K

Pre
treatm ent

First sp raying Second spraying Third spraying
IDAS 15DAS IDAS 15DAS IDAS 15DAS

Ti -S + ST + SA + foliar 
spray - T vmde 25 64 14 56 25 78 15 65 24 45 16 34 25 78

T2 -S + ST + SA + foliar 
spray - P fluorescem) 24 36 64 00 25 24 67 23 26 07 66 39 28 97

T3 -T  vmde 23 61 15 87 27 96 15 89 27 03 17 45 26 67
T4 -P fluorescens 23 08 64 27 25 24 65 36 27 22 65 33 26 41
T5 -cowdung supernatant 25 64 43 33 23 33 45 62 25 74 46 67 24 25
T6 -cowdung supernatant + 
P fluorescem 24 69 67 33 25 56 69 62 27 41 70 33 27 91

T7 -garlic extract 25 08 21 33 24 00 22 46 25 33 23 67 26 00
Tg -Calphomil 26 92 17 67 23 98 18 67 26 78 17 89 24 78
T9 -potassium phosphonate + 
hexaconazole 25 93 3 67 6 33 3 77 5 67 5 89 6 22

Tio-cymoxaml + mancozeb 24 36 1 33 2 70 1 02 1 94 2 87 3 03
Tn -mancozeb 25 64 2 67 3 38 2 23 3 44 2 33 3 83
T 11 -control 23 08 25 33 24 33 24 49 26 00 24 48 25 20
*Mean of three replications DAS Days after spraying 

S Soil solarization, ST Seed treatment, SA-Soil application

In T7 (garlic) and T 8 (Calphomil) there was reduction in the population 

immediately after spraying, but not upto the level o f  chemical treatments and after 15 

days, the population gradually got built upto original level Similarly, same trend is 

observed after second and third spray also However, the population in control did not 

change during the experiment

4 7 Survival of the biocontrol agents on the phylloplane of cucumber under 

protected condition

The survival o f  the biocontrol agents sprayed on leaves m treatments Tj, T2, 

T3, T4 and T(j was assessed by re isolation and enumeration using serial dilution 

plating on suitable selective media at periodical intervals o f  5, 10, 15 days (Plate 17)



Special media for biocontrol agents 
T \n ide- Tnchoderma  selective Agar m edium  (TSM) 

P fluorescens- k in g 's  B Agar medium

Tnchoderma viride Pseudomonas fluorescens

Plate 17 B iocontrol agents on cucum ber phvllopiane



Table 22. Survival of Tiichodeima vtride on the phylloplane of cucum ber in polyhouse

Treatment

T u c h o d c rm a  v m d e  (x 10 cfu cm  '

Pre
treatment

F irst spraying Second  spraying T h ird  spray in g

5DAS 10DAS 15DAS 5DAS 10DAS 15DAS 5DAS 10DAS 15DAS

T| -S + ST + SA + foliai spray - 
T vm de 2 75 41 24 21 51 17 68 52 63 26 04 1961 54 60 13 64 8 33

T2 -S + ST + SA + foliai spray - 
P fluorescens) 2 73 2 86 3 15 2 11 2 90 2 58 2 3 6 2 95 2 17 3 30

Ti - T  vm de 2 86 38 69 28 14 11 24 47 14 20 47 12 82 59 75 17 70 6 94

T4 -/* fluorescens 2 72 3 30 2 12 2 41 2 48 2 85 2 76 2 87 2 30 2 98

Tfi -cowdung supernatant + P  
fluorescens 2 60 11 05 7 30 8 19 19 80 10 84 2 76 28 67 8 69 3 03

Tj2 -control 2 55 2 62 2 76 2 49 2 18 2 87 1 80 2 11 2 57 2 69

*Mean o f  three replications DAS Days after spraying 
S-Soil solarization, S T -S eed  treatm ent SA-Soil application
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4.7.1 Survival of Tnchoderm a viride on the phylloplane of cucumber under 

protected cultivation

Inside the polyhouse, before treatment application, the natural population of 

Ti tchoderma was almost the same in all the treatments (Table 22) which ranged from 

2 55 x 10 cfu cm 2 to 2 86x 10 cfu cm 2 whereas after spraying, there was a 13 fold 

increase in the population in treatment Ti and T3 (Fig 9) Thereafter it gradually

decreased from 41 24 and 38 69 x 10 cfu cm at 5 DAS to 17 68 and 11 24 x 10 cfu 
2

cm at 15 DAS respectively in T | and T3 Consequent to second and third spraying

the treatments showed same trend as in first spraying

In treatment T6(cowdung + P fluoi escens) immediately after the first spray, 

there was an increase in the population of T viride But it gradually decreased from

11 05 x 10 cfu cm at 5 DAS to 8 19 x 10 cfu cm at 15 DAS In T2, T4 and 

T]2(control), the population o f T vuide  remained more or less uniform throughout 

the experiment The results proved that T viride survived on the phylloplane of 

cucumber upto 15 days after spraying

In ram shelter also, the population of T viride followed the same pattern as in 

polyhouse and before treatment application, the natural population o f Trichodei ma

inside the ram shelter was almost the same m all the treatments (Table 23) which
2  2

ranged from 2 39 x 10 cfu cm to 2 56 x 10 cfu cm whereas after spraying, there was

a 24 fold and 11 fold increase in the population in treatment Ti and T3 respectively
2

In T| the population o f T  vuide  gradually decreased from 48 35 x 10 cfu cm at 5

DAS to 13 61 x 10 cfu cm at 15 DAS (Fig 10)



Table 23 Survival of Tuchodermaviride on the phylloplane of cucumber in rain shelter

Treatment

Trichodeim a vm d e  (x 10 cfu cm )*
Pre

trcatme
nt

First spraying Second spraying Third spraying

5DAS 10DAS 15DAS 5DAS 10DAS 15DAS SDAS 10DAS 15DAS

T] -S + ST + SA + foliai spray 
- T viride 2 53 48 35 25 95 13 61 53 33 34 95 22 99 52 34 39 86 14 49

T2 -S + ST + SA + foliai spray 
- P Jluorescens) 2 50 2 90 2 81 1 66 1 25 1 90 2 06 2 17 2 63 2 63

T3 -T  vmde 2 64 33 67 21 51 15 33 52 63 15 87 15 43 56 74 24 02 15 02

T4 -/* Jluorescens 2 49 2 71 2 88 3 12 2 70 2 87 1 54 2 23 2 27 2 16

Tfi -cowdung supernatant + P  
Jluorescens 2 39 5 70 3 66 3 06 6 26 4 10 3 48 8 58 5 90 4 60

T 12 -control 2 56 2 28 2 30 2 14 2 03 2 55 2 77 2 25 2 23 2 89
*Mean of three replications DAS-Days after spraying 
S-Soil solarization, ST-Seed treatment SA-Soil application
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The same trend is observed in treatment T3 also where population gradually

decreased from 33 67 x 10 cfu cm at 5 DAS to 15 33 x 10 cfu cm at 15 DAS The 

same trend was noticed after second and third spraying also

In treatment, T2 and T4 where Pseudomonas was sprayed, the population of

T  vinde  was found to be more or less same as that o f  the pre-treatment population

But in treatment Te(cowdung + P fluorescens), there was an increase in the
2

population o f T  vm de  at 5 DAS which gradually decreased from 5 70 x 10 cfu cm 
2

to 3 06 x 10 cfu cm at 15 DAS The same trend was observed after second and third 

spray However, in T 12 (control), the population o f T vir ide in the phylloplane did not 

change throughout the experiment This result confirms the result obtained in 

polyhouse

4 7.2 Survival of Pseudom onas fluorescens  on the phylloplane o f cucumber

Inside the polyhouse, before treatment application, the natural population of 

P fluorescens was same in all the treatments (Table 24) However, after spraying, it

was observed that the population o f P fluorescens increased m T2 at 5 DAS But it
-2  2

gradually decreased from 49 46 x 103 cfu cm at 5 DAS to 11 17 x 103 cfu cm at 15

DAS The same trend was observed before spiaying m treatment T 4 also, where the
3 2

population was more than that (44 65 x 10 cfu cm ) at 5 DAS and then decreased to 

13 86 x 103 cfu cm 2 at 15 DAS (Fig 11)



Table 24.SurvivaI of Pseudomonas fluorescens on the phylloplane of cucumber in polyhouse

Treatment

P seu d o m o n a s flu o r e s c e n s  (xlO Jcfu cm '2)*

Pre
treatment

F irst spray in g Second  sp rayin g T h ird  sp ray in g

5DAS 10DAS 15DAS 5DAS 10DAS 15DAS 5DAS 10DAS 15DAS

T, -S + ST + SA + foliar 
spray - T  vinde 6 30 0 18 0 22 0 16 0 28 0 52 0 35 0 56 0 15 0 16

Tj -S + ST + SA + foliai 
spray - P fluorescens) 6 28 49 46 29 00 11 17 43 50 32 07 17 70 60 73 26 13 17 86

T3-T  vinde 6 4 1 0 19 0 22 0 24 0 26 0 39 0 34 0 35 0 29 0 17

T4 -P fluorescens 6 27 44 65 31 63 13 86 40 22 28 71 1 045 43 45 24 57 10 63

Te -cowdung supernatant + 
P fluorescens 6 15 25 62 10 83 4 42 25 62 15 85 5 62 28 18 16 67 7 45

T 12 -control 6 10 6 22 5 95 4 76 4 50 6 08 8 09 6 72 8 25 6 94

*Mean o f  three replications DAS Days after spraying 
S Soil solarization ST Seed treatm ent SA-Soil application
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In treatment Tg(cowdung + P fluorescens), there was an increase in the 

population of P fluorescens after spraying at 5DAS but it gradually decreased from

i 2 i 225 62 x 10 cfu cm to 4 42 x 10 cfu cm at 15 DAS Similar trend was observed 

after second and third spray In treatment, Ti and T3 where T vn ide is sprayed, the 

population o f P fluoiescens declined from the pre-treatment population at 5, 10 and 

15 DAS The same trend was observed after second and third spray in treatments Ti 

and T3 In general, the survival o f P fluoiescens was observed upto 15 days after 

treatment application In general, the survival of P fluorescens on the phylloplane of 

cucumber was observed upto 15 days after spraying

It was noticed that the trend in the variation of population of Pseudomonas 

fluorescens in ram shelter was same as that in polyhouse But in rain shelter the initial 

population was slightly lower (Table 25) than polyhouse and it ranged from 2 23 x 

103 cfu c m 2 to 2 48 x 103 cfu c m 2 It was also observed that the population o f P 

fluorescens is the highest in T4 followed by T2 In T4 the population gradually

decreased from 47 98 x 103 cfu cm at 5 DAS to 12 91 x 103 cfu cm at 15DAS
3 2Similarly in T2 the population gradually decreased from 41 23 x 10 cfu cm at 5 

DAS to 14 78 x 103 cfu cm at 15 DAS (Fig 12) Even after second and third spray, 

the population o f P fluorescens in T2 and T4 showed the same trend In treatment Tg 

(cowdung + P fluorescens), there is an increase in the population of P fluorescens
1  2at 5 DAS But it gradually decreased from 25 62 x 10 cfu cm at 5 DAS to 4 42 x

3 2
10 cfu cm at 15 DAS The same trend is observed after second and third spray



Table 25. Survival of Pseudomonas fluorescens on the phylloplane of cucumber in rain shelter

Treatments

Pseudomonas fluoi escens(xl03cfu cm 2)*

Pre
treatment

First spraying Second spraying Third spraying

5DAS 10DAS 15DAS 5DAS 10DAS 15DAS 5DAS 10DAS 15DAS

T| -S + ST + SA + fohai 
spray - T viride 2 3 7 0 68 0 20 0 25 0 46 0 27 0 27 0 65 0 36 041

Ti -S + ST + SA + fohai 
spray - P fluorescens) 2 34 41 23 26 99 14 75 43 93 23 95 13 04 50 38 22 88 17 90

Tj-T viride 2 48 0 57 0 27 0 17 0 93 0 20 0 29 0 62 0 30 0 47

T4 -P fluorescens 2 33 47 98 27 65 1291 50 33 25 95 12 25 48 43 46 08 8 85

T6 -cowdung supernatant 
+ P fluorescens 2 23 35 76 35 06 9 57 33 33 17 48 8 94 22 74 15 31 7 69

Tj2 -control 2 40 2 86 2 30 2 07 3 03 3 55 3 02 3 22 3 12 1 81

*Mean of three replications DAS-Days after spraying 
S-Soil solarization ST-Seed tieatment, SA-Soil application
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In treatment, Tj and T3 where T  vinde  is sprayed, the population o f  P 

fluorescem  was found to be reduced from the pre-treatment population at 5 days after 

treatment The same trend is observed after second and third spray in treatments Ti 

and T3 as in polyhouse A t 45 DAS also, treatments were found to be significant In 

general, the survival o f  P fluorescem  was observed upto 15 days after spraying As 

in polyhouse, the survival o f P fluorescem  on the phylloplane o f  cucumber was 

observed upto 15 DAS
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6. DISCUSSION

Protected cultivation o f vegetables is a fascinating technology gaining 

tremendous importance in India in the recent years Cucumber, Cucumis sativus (L ) 

is one o f the most preferred vegetables grown under protected conditions in the 

developed world In India, also, protected cultivation is being adopted on a large 

scale Government o f Kerala is also encouraging polyhouse and ram shelter 

cultivation o f vegetable crops Eventhough, it was expected that polyhouses provide 

complete protection from insect pests and hence the produce from the structures 

would be free o f pesticide residues, it is not true in reality Sucking pests and diseases 

are causing severe crop losses and farmers are forced to use chemical pesticides in 

polyhouse crops Recently Kerala Agricultural University has developed a high 

yielding Fi hybrid, KPCH-1 suitable for polyhouse cultivation and it exhibited fair 

degree of tolerance against this dreaded disease (Pradeepkumar et a l , 2015) Due to 

high relative humidity and temperature, crops in protected structures are prone to 

diseases irrespective o f the season Downy mildew (Pseudoperonospora cubensis) is 

the most severe disease o f cucumber under protected structures in Kerala Under 

highly conducive conditions for the disease, prevailing in Kerala, there are chances o f 

heavy infection by downy mildew especially inside the polyhouse Farmers are using 

fungicides having high residual action against the disease Hence the mam objective 

o f the present study is to assess the incidence and seventy o f downy mildew of 

cucumber under protected cultivation and to formulate an eco-friendly management 

practice against the disease

5.1 Survey for assessment of incidence and severity of downy mildew

To begin with, a survey was conducted in Thrissur district during January 

December of 2015 by selecting nine different polyhouses located at Thanmyam, 

Peringottukara, Manaloor, Chendrapinm, Chavakkad and College of Horticulture, 

Vellanikkara The incidence and severity of downy mildew of cucumber in protected
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structures and open condition were assessed using standard score chart and 

procedures The major meteorological factors i e temperature and relative humidity 

(RH) influencing the crop and the pathogen prevailing in the structures were also 

recorded using whirling psychrometer

During the survey, incidence of downy mildew was noticed in all the 

polyhouses where cucumber is cultivated irrespective o f the season It was also 

noticed that, in all these polyhouses RH was found to be >79 per cent It is well 

documented that, if  the RH is >75 per cent there is chance o f occurrence o f downy 

mildew inside the polyhouse (Ferguson, 2007) Both PDI and PDS o f downy 

mildew were found to be high in the rainy season when the RH is high both inside 

and outside the structures Data collected during the survey shows that, high humidity 

and low temperature favoures the development o f downy mildew of cucumber in 

polyhouse During the survey it was found that, temperature and RH are higher inside 

the polyhouse compared to outside The reason for high temperature inside the 

polyhouse is greenhouse effect brought about by the polythene roof i e , increase in 

temperature due to retention of major part o f reflected radiation from the earth’s 

surface by the polythene roof of the structure Thus, most o f the energy which is 

transmitted into the polyhouse is retained inside and causes increase in atmospheric 

temperature (Board, 2004) Use o f foggers, and increased plant transpiration due to 

high atmospheric temperature are the major reasons for high RH m polyhouses 

Studies also revealed that the closed environments enable the sporangia to stay inside 

the polyhouse for longer period so as to cause more infection Hence downy mildew 

develops in devastating proportions in cucumber under protected cultivation if 

microclimate is not maintained properly so that RH is less than 75 per cent (Labeda 

and Cohen, 2011) In naturally ventilated polyhouses, since complete control of 

microclimate is not possible, it is better to take prophylactic measures against downy 

mildew, when RH is > 79 per cent
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5.1.1 Correlation analysis of incidence and seventy of downy mildew with 

meteorological factors

During the survey, the highest disease severity was observed in polyhouse (1) 

of Chentrapinni where PDI and PDS of downy mildew were 15 45 per cent and 35 75 

per cent respectively It was also observed that RH was 97 per cent during this period 

Correlation analysis of disease incidence and seventy with major meteorological 

parameters showed that there is a strong positive correlation between PDI and PDS 

with RH inside the polyhouse whereas they are negatively correlated with 

temperature The result confirms the findings already reported by Colucci (2008)

5.1.2 Soil nutrient status and other soil parameters

During the survey, out of the nine polyhouses visited, cucumber in three 

polyhouses exhibited symptoms of potassium, calcium and boron deficiency Hence 

the nutrient status o f soil samples collected from these polyhouses was studied It was 

found that, compared to outside, K, Ca, B as well as other micro nutrients are present 

in sufficient/higher amounts in soil inside the polyhouses This is true for most of 

polyhouses in Kerala (KSCSTE, 2015) Eventhough nutrient deficiency symptoms 

are commonly found m cucumber under polyhouse cultivation (Carmona et a l , 

2015), there is sufficient amounts of nutrients m soil mside the polyhouses Further 

analysis on the weather parameters showed that, as the relative humidity increases, 

the transpiration rate decreases and plants are unable to absorb calcium through the 

transpiration flow Since Ca absorption and B availability are interrelated, B 

deficiency is also predominant in such plants Marginal necrosis of intermediate 

leaves is the main symptom of K deficiency and this is due to the draining out of K 

from intermediate leaves cucumber The reason may be either higher nutrient 

requirement o f the crop or due to fast growth or lack o f proper absorption Hence it is 

suggested that, separate nutrient requirement schedule may be fixed for crops under 

polyhouse
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5.1.3 Population of soil microflora

In most o f the polyhouses visited, population of soil bacteria and 

actinomycetes are more inside the structure whereas fungi are more in outside soil 

Soil bacteria prefer neutral to alkaline condition for growth (Rousk et a l , 2009) In 

the present study also it was found that pH is more in soil inside the polyhouse 

compared to outside Moreover, when nutrient status o f soil samples collected in 

survey were studied, it was found that soil inside polyhouse contain more nutrients 

compared to outside, which may be another reason for higher population o f bacteria 

and actinomycetes Fungi prefer acidic pH (Rousk et a l , 2009) and hence that may be 

the main reason why population o f fungi was found to be less in soil inside polyhouse 

compared to outside

5 2 Symptomatology and characterization of the pathogen

Typical symptoms (Labeda, 1991) o f downy mildew o f cucumber were 

observed in cucumber cultivated m polyhouse Being a biotroph, the cucumber 

downy mildew pathogen cannot be cultured m artificial medium So the 

morphological characters of the organism present on the infected leaves were studied 

Slight vaiiation in dimensions like increase in length and width of sporangia and 

sporangiophores were observed which may be attributed to high temperature inside 

the polyhouse as reported by Iwata (1942) and Waterhouse and Brothers( 1981) 

However, all the morphological characters o f pathogen (sporangiophores and 

sporangia) collected during the survey were found to be identical to those of 

Pseudoperonospora cubensis and hence it is confirmed (Voglmayr, 2003, Choi et a l , 

2005) that the symptoms found on cucumber in polyhouses are due to downy mildew 

caused by Pseudoperonospora cubensis (Berk & Curt )(Rostov )
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5.3 Field experiments for management of downy mildew of cucumber under 

protected condition

Field experiments were conducted under polyhouse and ram shelter in the 

Department o f Plant Pathology, College of Horticulture, Vellanikkara during 

November to May of 2015-2016 to evaluate different treatments for the management 

o f downy mildew of cucumber under protected condition

5.3.1 Soil solarization inside polyhouse and rain shelter

Solarization in polyhouse and ram shelter was earned out for a period of three 

months before sowing cucumber seeds Soil temperature at 10 cm depth in solanzed 

and nonsolarized beds was recorded Greenhouse solarization is extensively used in 

southern Europe and Japan to control diseases of strawberries, tomatoes, eggplants, 

cucumbers, and other intensively managed crops Solanzation in greenhouses 

produces significantly higher soil temperatures than solarization in fields and 

therefore be more effective m cooler weather (Elmore et a l , 1997)

Soil solarization is a method of heating soil by covering moistened soil with 

transparent polythene sheeting to control soilborne diseases The technique has been 

commercially exploited for growing high-value crops in diseased soil Moistened soil 

is covered with transparent polyethylene which allows the sun's radiant energy to be 

trapped in the soil where most of this energy is transmitted to the soil is not reflected 

back and thus increasing the soil temperature (Katan, 1981) This increase in soil 

temperature is the most important mechanism by which soil solanzation controls 

diseases Solanzation in greenhouse has been reported to be effective in controlling 

diseases, nematodes and weeds in tomato and melon (Camprubi et a l , 2007 , 

Candido et a l , 2008) In the present study also, it was found that in both polyhouse 

and ram shelter the temperature in solarized beds was higher than nonsolanzed beds
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In polyhouse there is an increase in soil temperature upto o f 4°C in solarized beds 

over nonsolanzed beds at 2 30 pm

5 3.1.1 Enumeration of soil microflora

There is a drastic reduction in the population of fungi, bacteria and 

actinomycetes in solarized soil o f polyhouse and rain shelter In nonsolarized soil 

also after three months, there was reduction in the population o f soil microflora but it 

was to a lesser extent compared to solarized soil On comparing polyhouse and rain 

shelter, the per cent reduction in population of fungi, bacteria and actinomycetes was 

more prevalent in solarized beds of polyhouse This is because of higher temperature 

prevailing inside the polyhouse The results confirms the findings o f Candido et al 

(2008) who reported that soil solanzation under greenhouse condition also increases 

soil temperatures to levels lethal to many soil borne plant pathogens and weeds

5.3.2 Management of downy mildew of cucumber under protected condition

The foremost objective o f the study was to assess the incidence and seventy 

of downy mildew o f cucumber under protected cultivation and to formulate an 

effective and eco-friendly management strategy against the disease Therefore it was 

essential to test the efficacy o f selected plant protection chemicals and biocontrol 

agents against the downy mildew of cucumber under polyhouse and ram shelter 

condition.

Two experiments were conducted simultaneously during November to May, 

2014 16 in the polyhouse and ram shelter in the Department o f Plant Pathology, 

College o f Horticulture, Vellanikkara The treatments included systemic and contact 

fungicides, biocontrol agents and biofungicides in different combinations
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5.3.2.1 Effect o f different treatments on downy mildew o f cucumber under 

polyhouse

In the polyhouse, incidence o f downy mildew was observed 49 days after 

sowing and there was a gradual increase in the severity o f downy mildew throughout 

the period o f experiment However, all the treatments recorded lower disease severity 

compared to control Lowest disease severity was recorded in the systemic fungicide, 

Tio (cymoxaml + mancozeb) and the per cent reduction was found to be 62 63 per 

cent after the third spray Cymoxaml is a cyanoacetamide oxime group fungicide 

which quickly penetrates into the leaf tissue and destroys the already emerging 

pathogens The compound differentially inhibits RNA synthesis o f the pathogen at 

various development stages (Ziogas and Davidse, 1987) The result o f  the present 

study, further confirms the findings o f  Bhat et al (2013) who could obtain a 

minimum disease severity o f 17 01 per cent in the management o f downy mildew of 

cucumber over the untreated control Moreover, Gisi and Sierotzki, (2008) also 

reported cymoxaml as a major site-specific fungicide used in chemical control o f  P  

cubensis Call et al (2013) has also reported that systemic fungicides alone or in 

combination with protective fungicides, proved to be very successful in the control of 

cucumber downy mildew Cymoxaml allowed a 50 per cent reduction in the amount 

o f mancozeb needed to control downy mildew when applied in a mixture with 

mancozeb, and treatment with this mixture at 10 day intervals provided satisfactory 

protection (Kloppmg and Delp, 1980) Treatment T ]0 is followed by Tn (mancozeb) 

which recorded 61 55 per cent reduction in disease severity The results agree with 

the findings o f Call et al (2013) who found that mancozeb against downy mildew of 

cucumber and the results revealed that mancozeb caused a significant reduction in the 

germination o f  sporangia o f the downy mildew pathogen However, treatment Tio and 

T 11 were found to be on par after each spraying

Among the bio-fungicides, Calphomil and garlic recorded 55 50 and 54 95 per 

cent reduction o f disease severity over control The key ingredient in Calphomil is
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leaf extract of Aegle marmalos It contains different types o f alkaloids (solasodine 

and solamne) and terpmoids which possess anti fungal activity (Nigam and Nambiar, 

2015) Further, allicin in garlic juice reduced the severity o f cucumber downy mildew 

caused by Pseudoperonospoi a cubensis by approximately 50-100 per cent (Portz et 

al 2005) These results suggest the possibility of developing preparations from garlic 

for use in disease management in organic farming, under greenhouses

Among treatments involving biocontrol agents, Tnchoderma vuide  along 

with soil solanzation(Ti) gave the best result in the reduction o f downy mildew 

which accounts for 60 99 per cent and this is followed by T2 l e  solarization + foliar 

spray o f Pseudomonas fluoi escens (59 34%) Biological control is an alternative 

means o f management o f plant pathogens Biocontrol agents suppress the foliar 

pathogens by the same mechanism as they do in the case of soil borne pathogens 

They control the foliar pathogens like Pseudoperonospora cubensis and Sclerotmia 

sclerotiorum in cucumber more effectively under commercial greenhouse (Elad, 

2000) The mode o f action o f Tnchoderma viride against foliar plant pathogens 

include myco-parasitism, antimicrobial activity, suppression of comdial growth and 

enzymes produced by the pathogen, competition for resources and induced systemic 

resistance (Sawant, 2014) Machenahalli et al (2013) reported that among biocontrol 

agents Pseudomonas fluorescens was found to be superior in inhibiting sporangial 

germination of downy mildew It has been reported by Panpatte et al (2014) that the 

mechanism o f biological control by P fluorescens against foliar pathogens include 

antibiotic production, competition, HCN production and elicitation of a disease- 

resistance response, 1 e , induced systemic resistance (ISR) Moreover, as a part o f 

this investigation, survival of biocontrol agents on leaf surface was studied and it was 

found that Tnchoderma viride and Pseudomonas fluoi escens survived on leaf surface 

for 15 days after foliar appphcation This confirms the activity of biological control in 

the management o f foliar pathogens
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As early as 1987, it has been reported that solarized soil are frequently more 

suppressive and less conducive to certain soil borne pathogens than non-solarized 

soils (Greenberger et al 1987) Since oospores o f downy mildew survive in plant 

debris o f cucumber in soil (Labeda and Cohen, 2011), solarization also helps to bring 

down the initial inoculum and inoculum build up in soil

Effect o f treatments was reflected on yield o f cucumber Eventhough the 

lowest PDS was recorded m Tio (cymoxaml + mancozeb), mean yield was found to 

be more in the treatments in which solansation is earned out i e , in Ti and T2 

Efficacy o f  soil solansation on increasing yield o f  vegetables is well documented 

Elmore et al (1997) has reported that soil solarization can be successfully combined 

with the fungal biological control agent Tuchodeim a  for disease management in 

greenhouse crops which ultimately increases the weight and yield o f the commercial 

produce Soil solarization improves soil structure and increases the availability 

essential plant nutrients and further increases plant growth, harvestable yield, and 

crop quality The increased growth response o f plants in solarized soil has been 

reported both in green house experiments and under field conditions (Candido et a l , 

2008)

5.3.2.2 Effect o f different treatments on downy mildew of cucumber under rain 

shelter

In the ram shelter, incidence o f  downy mildew was observed 54 days after 

sowing and there was a gradual increase in the seventy o f  downy mildew throughout 

the experiment However, all the treatments recorded lower disease severity 

compared to control as in polyhouse Lowest disease severity was recorded in the Tio 

(cymoxaml + mancozeb) and the per cent reduction after third spraying was 55 41 

This result confirms the findings o f Gisi and Sieiotzki (2008), who reported that 

cymoxaml as a major site-specific fungicide against P cubensis Treatment Tio is 

followed by Ti ] (mancozeb) which recorded 54 05 per cent reduction in disease
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severity The efficacy of contact fungicide, mancozeb against downy mildew of 

cucumber has already been reported by Call et al (2013)

The bio-fungicides, Calphomil and garlic were also effective against the 

disease and they recorded 45 95 and 44 60 per cent reduction of disease seventy 

respectively over control which confirmed the results obtained in the polyhouse 

experiment

Among the biocontrol agents, Tuchodeima vm de  along with soil 

solanzation(Ti) and Pseudomonas Jluorescens along with soil solansation (T2)gave 

the significant reduction of downy mildew However, compared to polyhouse the 

reduction was slightly lesser i e 52 70 and 5135 per cent respectively over control 

Under rain shelter also, the biocontrol agents Tnchodei ma vm de  and Pseudomonas 

Jluorescens survived on leaf surface upto 15 days after spraying

The efficacy of soil solansation on yield was found to be true m the case of 

ram shelter experiment also and the yield increase for treatments Ti and T2 was 54 92 

and 48 per cent respectively over control

5.3.3 Effect of treatments on the biometric parameters of cucumber in polyhouse 

and rain shelter

In the polyhouse experiment there was no significant difference among the 

treatments with regard to biometric observations except shelf life However, fruit 

weight and vine length were more in cucumber grown m solarized beds Shelflife was 

the highest in Tg(Calphomil) followed by Ti0(cymoxaml + mancozeb) Calphomil is a 

botanical preparation and the key ingredient is leaf extracts of Aegle mai malos(bael) 

It is reported that the terpinoids and alkaloids alkaloids (solasodine and solanme) in 

bael increases nitrate reductase activity and chlorophyll content when applied on 

leaves and fruits It also reduces the phylloplane microflora which helps to further 

increase the shelf life of the produce (Azhagumurukan et a l , 2013) Reduction m



80

epiphytic microflora brought about by cymoxaml +  mancozeb may be the reason for 

increased shelf life in Tio As in later in the present study it was found that the 

chemical reduces the phylloplane fungi from 69 61 to 17 14 x 10 cfu c m 2 and 

phylloplane bacteria from 18 10 to zero immediately after spraying

However in the case o f ram shelter experiments there was no significant 

difference m any o f the biometric characters and also shelf life It may be concluded 

that the efficacy to increase the shelf life by Calphomil and cymoxaml + mancozeb 

was lesser in in ram shelter compared to polyhouse It was observed that fruit weight, 

fruit length and vine length were more in cucumber grown in treatments Ti and T2 

and this may be due to the growth promoting effect o f biocontrol agents as well as 

soil solarization

5.3.4 Economic analysis o f cucumber in polyhouse and rain shelter

B C ratio was calculated by giving same price o f  Rs 30/- kg 1 o f cucumber 

for all the treatments and at a premium o f  20 per cent for organic produce From the 

study it was found that the organic production o f cucumber in protected condition 

will be remunerative than the conventional production only i f  it fetches a minimum of 

20 per cent premium price In polyhouse, B C ratio is found to be the highest in 

Tio(cymoxaml +  mancozeb) which is followed by T2(solanzation+ Pseudomonas 

fluoiescens) when calculated at the same price (Rs 30/- kg ') If  20 per cent premium 

price is obtained, T2(solarization+ Pseudomonas jluoi escens) is the best treatment on 

economic point o f view which is followed by Ti(solarization+ Ti ichodeima viride)

Among the various treatments, same trend was observed in rain shelter also 

However cucumber cultivation in polyhouse is more remunerative compared to ram 

shelter and this is brought about by various factors like higher growth rate, early 

germination and higher yield o f  the parthenocarpic variety used in the polyhouse
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experiment

On analyzing the major meteorological parameters during the field 

experiment, it was observed that temperature is more in rain shelter whereas relative 

humidity is higher in the polyhouse This is found to be the reason for early (49 days) 

incidence o f downy mildew in polyhouse As closed plastic polyhouse causes 

increase in RH which is favoured by the disease as described by Labeda and Cohen 

(2011) Since temperature was higher in ram shelter comparatively lesser incidence of 

downy mildew was observed Accordingly earlier incidence and higher severity of 

downy mildew was noticed m polyhouse

5 4.1 Correlation analysis of incidence and severity of downy mildew with 

meteorological factors

Correlation analysis was performed utilizing the data collected during the 

field experiments It was found that observed that inside the polyhouse and rain 

shelter, there is a strong positive correlation between PDS and RH whereas PDS is 

negatively correlated with temperature The results confirm those obtained from the 

survey

5.5 Enumeration of phylloplane microflora of cucumber under protected 

condition

Numerous micro-organisms reside on the aerial surface o f plants In recent 

years, the use of these epiphytic micro-organisms of either saprophytic or non- 

pathogemc origin, such as bacteria, fungi has attained prominent role in biological 

control o f foliar pathogens (Gowdu and Balasubramaman, 1988) Some of these 

microorganisms called residents(Andrews and Kinkel, 1986), may survive on the 

leaf surface for a longer period and together form the microflora of the 

phylloplane The effect o f treatments on the phylloplane microflora le fungi, bacteria
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and actinomycetes o f cucumber in polyhouse and rain shelter were studied under this 

session

In the present study it was found that there is a drastic reduction in the 

population of phylloplane fungal and bacterial flora in polyhouse and rain shelter 

immediately after spraying chemical fungicides Tio(cymoxaml + mancozeb), 

Tn(mancozeb) and T9 (potassium phosphonate + hexaconazole) Eventhough it 

gradually increased after 15 days of spraying it did not reach the initial level till 15 

DAS The result indicates the non-selectivity o f the fungicides on general fungal and 

bacterial population on the leaves Since the effect persisted for a long period of 15 

days, it is an indication on the residual effect of the chemical The residue of both 

systemic and contact fungicides persisted upto 15 DAS and thus it affected the re- 

emergence o f the phylloplane microflora The use of foliar pesticides to control 

diseases can cause major disruption o f phylloplane microorganism populations, 

often reducing the number and diversity o f organisms This is in confirmation with 

the findings of Bosshard et al (1987) who reported that fungicides cause a negative 

effect on naturally-occurring biological control, which in some cases, makes the 

plants more susceptible to other disorders Moreover, the microorganisms that were 

previously not considered plant pathogens, may become pathogenic due to reduction 

o f antagonist populations by the chemical treatments The result of the present study, 

gave an indirect indication o f residual activity of chemical fungicides Bakker (2004) 

expressed that a single isolated foliar application o f a chemical product can affect 

the phylloplane microbial population densities and species richness

In organic treatments, 1 e , in treatments T 1 and T3, where Ti ichodei ma was 

sprayed on leaves, there is a drastic increase in the population o f phylloplane fungal 

flora immediately after spraying and this may be due to the additive effect of 

Ti ichodei ma sprayed on leaves However, the population reaches the original level at 

15DAS Moreover, according to Harman et al (2004), Tnchoderma sp , have a wide 

application in controlling foliar plant pathogens by increasing the population of non-
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pathogenic phylloplane microflora The same trend is observed in both polyhouse and 

ram shelter immediately after the first spray In treatment T6 (cowdung 

+Pseudomonas) also, there was a tremendous increase in the population o f 

phylloplane bacteria in polyhouse and rain shelter Similarly in T2 and T4, where 

Pseudomonas was sprayed on leaves, there was an increase in the population o f 

phylloplane bacteria The biocontrol agents, T vm de  and P Jluorescens increases 

the population o f non-pathogenic phylloplane microflora and by the mechanism of 

competition, reduce the foliar diseases to a greater extent (Harman et a l , 2004)

Biofungicides, garlic and Calphomil also showed a reduction in the 

population immediately after spraying But it was less compared to chemical 

fungicides and after 15 days, the population gradually got build upto original level 

However the reduction in phylloplane microflora by these treatments shows their 

broad spectrum activity against fungi and bacteria These results suggest a potential 

for developing preparations from garlic for use in specialised aspects o f organic 

farming, e g for reducing pathogen inoculum potential in greenhouses (Portz et a l , 

2008) It has been also reported that Calphomil having key ingredient Aegle 

marmalos (bael) increases biochemical constituents such as nitrate reductase activity 

and chlorophyll content when applied on leaves and fruits and thereby indirectly 

reduce the phylloplane microfloia (Azhagumurukan et a l , 2013) However their 

effect on beneficial organisms is lesser compared to chemical treatments, as it was 

found that the reduction of population was to a lesser extent

5.6 Survival of biocontrol agents on the phylloplane of cucumber in protected 

structures

On spraying biocontrol agents, Tnchodeima vm de  and Pseudomonas 

fluot escens, total microflora in general increased after spraying but it came down to 

initial level This may be due to the additive effect of population of propagules of 

biocontrol agents which survive on the phylloplane Moreovei, later in this study it
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was found out that biocontrol agents once sprayed on leaves survive there for 15 days 

or more The results o f the present study confirms the findings o f Freeman et al 

(2004), where the survivability/viability o f four Ti ichodei ma strains T-39, T-105, T- 

161 and T-166, applied individually on strawberry leaf surfaces, was assessed and he 

reported that the Ti ichoderma declined rapidly to a lower level after 3 days, but less 

rapidly, 7-14 days after application In the present study naturally occumng 

Ti ichodei ma isolates was detected on plates from control which varied from 1 80 to 

2 76 x 10 cfu cm 2 This is in contrast with the findings o f Freeman et al (2004) 

where they couldnot isolate naturally occurring Ti ichoderma population from control

The fungal biocontrol agent T w id e  survive mamly on the hyphae o f the 

pathogen present on the leaf surface or else it may get transferred to resting spores 

whereas bacterial biocontrol agent P Jluorescens survive on surface wetness brought 

about by a thin film o f water on leaf surface or by leaf exudates (Hirano and Upper, 

2000) The results o f the present study, confirms the findings o f Cirvillen et al 

(1999), who reported that the population densities o f P Jluorescens strains declined 

within 30 days after inoculation on plant species such as pepper, tomato, eggplant and 

strawberry





85

6. SUM M A R Y

Cucumber is one of the most preferred vegetable grown under protected 

conditions in the developed world It is used as salad, pickle and also as cooked 

vegetable because of its low calorie content The crop is devastated by various 

diseases and among them, one of the major foliar disease is downy mildew Cucurbit 

downy mildew, caused by the oomycete Pseudopet onospoi a cubensis (Berk & 

Curt )(Rostov), is a devastating, disease o f cucurbit crops in the open field and under 

protected structures Annual loss to the crop at global level due to the pathogen has 

been estimated to be $ 246 2 million Farmers are using toxic chemical fungicides 

against the disease Since the use of chemical fungicides leaves pesticide residue in 

the commercial produce which is consumed as raw vegetable (salad), biological 

control is being promoted in Kerala Hence, the present study was conducted with the 

major objective o f formulating an ecofnendly management practice against the 

disease The experiment entitled “Management of downy mildew 

(Pseudoperonospot a cubensis (Berk & C urt) Rostov ) o f cucumber under protected 

cultivation” was conducted in the department of Plant Pathology, College of 

Horticulture, Vellamkkara during the period from October to April 2015-16 The 

study consisted of survey on incidence and seventy of downy mildew o f cucumber in 

polyhouses and field experiments for management of the disease in protected 

structures

1 Incidence of downy mildew was noticed in all nine polyhouses in different 

locations in Thrissur district irrespective of the season and the disease severity 

varied from 11 33 to 35 75 per cent

2 The disease seventy of cucumber was higher in the polyhouse where relative 

humidity was higher and the RH was > 79 pei cent in all the polyhouses visited

3 Temperature and relative humidity was found to be higher inside the polyhouse 

compared to outside
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4 It was found that there is a significant positive correlation between disease 

incidence and severity o f downy mildew with relative humidity (RH) inside the 

polyhouse whereas as it is negatively correlated with temperature

5 Symptoms of K, Ca and B deficiencies were observed in cucumber in 

polyhouses However, when soil samples collected were subjected to nutrient 

analysis it was found that these nutrients were available in sufficient quantities in 

the soil

6 Population o f fungi was found to be higher in soil outside polyhouse whereas 

population o f bacteria and actinomycetes was found to be higher in soil inside 

polyhouse

7 Leaves having symptoms of downy mildew collected during the survey were 

subjected to microscopic examination using sticky tape method for 

charactenzation o f the pathogen It was observed that sporangiophores are 

dichotomously-branched at acute angles which taper to curved pointed tips 

Sporangia are large lemon shaped having brownish yellow colour borne at the tip 

of the sporangiophore

8 Field experiments were conducted simultaneously in the polyhouse and rain 

shelter for the management o f downy mildew with 12 treatments and three 

replications The treatments included two biocontrol agents, cowdung 

supernatant, two biofungicides and two systemic and one contact fungicide

9 Soil solarization inside the protected structures was carried out as part of 

tieatments, T| (soil solarization + seed treatment and soil application + foliar 

spray with Tnchodei ma vu ide) and T2 (soil solarization + seed treatment and soil 

application + foliar spray with Pseudomonas jluorescens)and it was found that 

soil temperature at 10 cm depth in solarized soil is higher compared to 

nonsolarized soil by 4°C and 3 5°C respectively in polyhouse and rain shelter

10 Population o f soil microflora was reduced upto 79 34 per cent due to solarization 

in protected structures

11 Foliar spray with cymoxaml + mancozeb (T 10) was the most effective treatment 

for the management o f downy mildew in both polyhouse and ram shelter followed



87

by foliar spray with mancozeb (Tu) and soil solanzation + seed treatment and soil 

application + foliar spray with Ti ichoderma vu ide(J\)<md these were on par

12 Results obtained from the field experiment suggest that downy mildew of 

cucumber inside the protected structures can be effectively managed by 

biocontrol agents which give a reduction in disease severity comparable to that of 

systemic fungicide

13 Highest yield was recorded in T] (soil solanzation + seed treatment and soil 

application + foliar spray with Trichoderma vm de) followed by T2 (soil 

solanzation + seed treatment and soil application + foliar spray with 

Pseudomonas jluoi escens

14 Meteorological parameters (temperature and RH) inside the structures were 

recorded daily during the experiment Correlation analysis was performed 

between the meteorological data and PDS at periodic intervals and it was 

confirmed that there is significant positive correlation between PDS and RH and 

negative correlation between PDS and temperature

15 Shelf life was found to be higher in calphomil(Tg) followed by cymoxaml + 

mancozeb (Tio) m cucumber grown m polyhouse

16 Economic analysis o f the field experiments showed that foliar spray with 

cymoxaml + mancozeb (Tio) gave the highest benefit cost ratio But if  the 

produce from treatments Tj to Tg (biocontrol agents and biofungicides) fetches a 

20 per cent premium price, T2 (soil solanzation + seed treatment and soil 

application + foliar spray with Pseudomonas Jluorescens) gives the highest 

benefit cost ratio in both polyhouse and rain shelter

17 Inorder to study the effect of foliar treatments on phylloplane microflora inside 

the structures, enumeration of fungi and bacteria on the leaf surface o f cucumber 

was done using serial dilution plating o f leaf washings There was a drastic 

reduction in phylloplane fungi and bacteria after spraying with chemical 

fungicides whereas the population increased on spraying the biocontrol agents 

The effect persisted upto 15 days after spraying in systemic and contact 

fungicides but the increase m the population in biocontrol treatments, did not



persist upto this period The study indicates that chemical fungicides cause loss of 

valuable phylloplane microbes Moreover, the result gives an indirect indication 

o f residual effect o f fungicides sprayed on leaves 

18 Survival of biocontrol agents on the phylloplane o f cucumber was also studied 

and it was found that both T  viride and P fluoiescens, survived on leaf surface 

upto 15 days after foliar application
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APPENDIX

Martin’s Rose Bengal Agar medium

Dextrose 1 0 0 g

Peptone 5 0 g

KH2PO4 1 0 g

M gS04 0 5 g

Agar 20 Og

Rose Bengal 0 03 g

Streptomycin 30 0 mg (added asceptically)

Distilled water 1000 ml

Nutrient Agar medium (NA)

Peptone 5 0 g

Beef extract 1 0 g

Sodium chloride 5 0 g

Agar 20 0 g

Distilled water 1000 ml

pH 6 5 to 7

Kenknight’s Agar medium (pH 7.0)

Dextrose 1 0 g

KH2PO4 O ig

N aN 03 O ig

K C 1 01  g

M gS04 0 1 g

Agar 20 Og

Distilled water 1000 ml



4 . K ing’s B A gar m edium

Peptone 20 Og

Giycerol 10 0 ml

K2HPO4 1 0 0 g

M gS04 7H20 O lg

Agar 20 Og

Distilled water 1000 ml

pH 7 2-7 4

5. Trichoderma Selective A gar m edium  (TSM)

M gS04 2 0 g

k 2h p o 4 0 9 g

n h 4n o 3 1 0 g

KCL 0 15 g

Glucose 3 0 g

Metalaxyl 0 3 g

PCNB 0 2 g

Rose Bengal 0 15 g

Chloramphenicol 0 25 g

Agar 20 Og

Distilled water 1000 ml
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A B S T R A C T

The present study entitled “Management o f downy mildew 

{Pseudopei onospora cubensis (Berk & C urt) Rostov ) o f cucumber under protected 

cultivation” was conducted in the Department of Plant Pathology, College of 

Horticulture, Vellamkkara during the period from October to April 2015-16 The 

major objective was to assess the incidence and severity o f downy mildew of 

cucumber under protected cultivation and to formulate eco-fnendly management 

package against the disease

A survey was conducted in Thrissur district during January to December 2015 

in nine polyhouses During the survey, incidence of downy mildew was noticed in all 

the polyhouses where cucumber was cultivated irrespective of the season and the 

disease severity varied from 11 33 to 35 75per cent There is a significant positive 

correlation between the disease incidence and seventy with relative humidity (RH) 

inside the polyhouse and negative correlation with temperature

Morphological charactenzation of the pathogen present on the diseased leaves 

collected during survey revealed that sporangiophores are dichotomously-branched at 

acute angles that tapered to curved pointed tips Large lemon shaped, brownish 

yellow sporangia are borne singly at the tip of the sporangiophore

Field experiments were conducted simultaneously inside the polyhouse and 

ram shelter for management of downy mildew with 12 treatments and three 

replications The treatments included two biocontrol agents (Ti ichodei ma vn ide and 

Pseudomonas JIuoi escens), cowdung supernatant, two biofungicides (garlic and 

calphomil) and two systemic (potassium phosphonate + hexaconazole and cymoxaml 

+ mancozeb) and one contact (mancozeb) fungicide Soil solansation inside the 

protected structures was included as part o f treatments viz Tj (soil solansation + 

seed treatment and soil application + foliar spray with T w id e )  and T2 (soil 

solansation + seed treatment and soil application + foliar spray with P fluoi escens)



It was found that soil temperature at 10 cm depth was higher in solarized soil when 

compared to nonsolarised soil by 4 °C and 3 5 °C inside polyhouse and rain shelter 

respectively It was also recorded that the population of soil microflora was reduced 

due to solarisation in protected structures Among the treatments, T;o (foliar spray 

with cymoxaml + mancozeb- 0 2%) was the most effective for management of downy 

mildew in both polyhouse and rain shelter followed by Tn (foliar spray with 

mancozeb-0 2%) and Tj (soil solarisation + seed treatment and soil application + 

foliar spray with T viride) and these were statistically on par Moreover, highest yield 

was recorded in Ti followed by T2 (soil solarisation + seed treatment and soil 

application + foliar spray with P jluoi escens)

Correlation analysis was performed with the meteorological data and per cent 

disease severity (PDS) at periodic intervals and it was confirmed that there is 

significant positive correlation between PDS and RH and negative correlation 

between PDS and temperature inside the structure Economic analysis of the field 

experiments suggested that the treatments with biocontrol agents recorded the highest 

B C ratio

Analysis of population of phyllolane microflora proved that there was drastic 

reduction in the population of phylloplane fungi and bacteria after spraying with 

chemical fungicides whereas the population increased after spraying with biocontrol 

agents Survival of biocontrol agents on the phylloplane o f cucumber was also 

studied and it was found that both T vv ide and P fluorescens, survived on the leaf 

surface upto 15 days after foliar application

Results of the survey and field experiments indicated that, there is a chance of 

incidence of downy mildew inside the structure if  the RH is > 79 per cent Downy 

mildew of cucumber inside the protected structures could be effectively managed by 

biocontrol agents, which'gave a reduction in disease seventy comparable to that of 

systemic fungicide


